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ABSTRACT

Objectives: This study assessed the accuracy of a panel of skin testing reagents to detect im¬
munoglobulin E sensitivity to amoxicillin and oral cephalosporins.
Methods: One hundred and eighty-seven children and adolescents experiencing adverse re¬

actions to amoxicillin (or amoxicillin/clavulanate), and/or an oral cephalosporin, that were
considered sufficient to preclude further use were studied. Skin testing with penicillin G,
commercial benzylpenicilloyl phosphate, penicillin minor determinant mixture (MDM),
ampicillin, cefazolin, cefuroxime, and ceftriaxone was performed according to the suspected
drug allergy, followed by an oral challenge, repeat skin testing, and prospective follow-up if
no reactions were observed.
Results: Fifty-four (33.5%) of 161 patients with suspected amoxicillin reactions and 13 (50%)
of 26 suspected cephalosporin reactions had positive skin tests or oral challenges. Positive
reactions to only the MDM reagent occurred in 9 amoxicillin- or cephalosporin-allergic pa¬
tients, to only the ampicillin reagent in 4 amoxicillin-allergic patients, and to only a

cephalosporin reagent in 3 cephalosporin-allergic patients. No reactions to oral challenge
were severe after negative skin testing. During prospective follow-up, one (0.9%) of 107 pa¬
tients suspected of amoxicillin allergy who completed our skin testing-oral challenge repeat
skin test protocol without a reaction and two (1.8%) patients with borderline reactions sub¬
sequently developed urticaria 8-16 months later while taking a course of amoxicillin. Reac¬
tions were mild. No test negative patients suspected of cephalosporin allergy developed a re¬
action with a subsequent course of a cephalosporin. Amoxicillin reactors with positive skin
tests or oral challenges (N = 54) received 83 treatment courses of cephalosporins unevent¬
fully in prospective follow-up.
Conclusions: Elective amoxicillin and cephalosporin skin testing and oral challenge proto¬
cols are helpful in identifying patients at very low risk for developing subsequent hyper¬
sensitivity reactions. Pediatr Asthma Allergy Immunol (1997;ll[2]:79-93.)

INTRODUCTION

The importance of detecting /3-lactam antibiotic side-chain specific allergy is controversial/1"6) The
major antigenic determinants for penicillin immune responses are the penicilloyl epitopes, which pri-
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marily include the /3-lactam ring and a portion of adjacent protein carrier.'7-9' The biologic activity of side-
chain specific antibodies are fully inhibitable by the parent /3-lactam drug/10' Furthermore, about 95% of
the penicillin bound to tissue protein is in the penicilloyl (the major determinant) form/7·11' Clinical stud¬
ies are generally in good agreement that human immunoglobulin E (IgE) antibody to the major penicillin
determinant can be readily identified on skin testing by using a benzyl-penicilloyl polylysine reagent(8) and
to the minor penicillin determinants (penicillin, penicilloate, and penilloate) by using an acid/base-treated
penicillin mixture/9·12·13' Until 1988,(14) it was widely held that the addition of ampicillin or other /3-lac¬
tam antibiotics with different side-chain specificities to a skin-testing panel improved sensitivity by only
1.4%-3.7% in identifying IgE-sensitive patients/15"23' Thereafter, the value and importance of including at
least ampicillin as a skin-testing reagent in patients suspected to have ampicillin or amoxicillin hypersen¬
sitivity gained support.*5·24"26*

Cephalosporins are /3-lactam antibiotics that differ from penicillins in structure by substitution of a dihy-
drothiazine ring for the thiazolidine ring of penicillins. Cephalosporins differ from each other chemically based
on side-chain substitutions/27' The greater lability of the cephalosporins to degradation may produce more

drug-specific and side-chain specific epitopes for the generation of IgE antibody/28' Skin testing with
cephalosporins is currently limited to use of the native drugs because the relevant degradation products are

unknown. Cross reactivity among cephalosporins and between cephalosporins and the penicillins in terms of
IgE hypersensitivity has received limited study; there may be less cross sensitivity among the cephalosporins
than the penicillins.*1'19·22·29"36' Experience with cephalosporin oral challenges of penicillin, amoxicillin, and
cephalosporin skin-test positive and negative patients has slowly accumulated (reviewed in reference 6) with
results suggesting that early, retrospective studies'37·38' far overestimated cross reactivity.

In this study, we extend our recent description'39' of the reliability of a physician examination-based di¬
agnosis of /3-lactam allergy and report the accuracy of a selected skin-testing panel in detecting IgE sensi¬
tivity to amoxicillin and cephalosporins. Following the recommended elective skin-test program of Mendel-
son et al.,<40' our skin-test negative patients underwent an oral challenge with the /3-lactam antibiotic
suspected of previously producing a reaction and if no reaction occurred, then repeat skin testing was com¬

pleted. Penicillin and amoxicillin skin-test and/or oral challenge-positive patients were permitted to receive
cephalosporins. Prospective follow-up of skin-test positive and skin-test negative patients for an average of
5.4 years allowed an assessment of the predictive value of our program.

METHODS

Patients
Patients were referred to one of the authors (MEP) from 1988-1996 for elective skin testing and oral

challenge as suggested by Mendelson et al/40' to detect /3-lactam antibiotic allergy. All patients were well
and had no need for antibiotics at the time of evaluation (testing and oral challenge). For every patient, the
medical record of the primary-care physician was reviewed. Only cases that had a physician examination
at the time of the suspected adverse reaction were included in this study and only if the observed reaction
led the primary-care physician to advise against further use of antibiotics in the /3-lactam class. The pro¬
cedure of penicillin skin testing and oral challenge and the possible risks were explained to the parents
and/or the patients.

Skin testing reagents
The reagents used for skin tests were as follows: (1) normal saline; (2) histamine phosphate (1 mg/mL

histamine: Eli Lilly Co., Indianapolis, IN) serving as negative and positive controls, respectively; (3) ben-
zylpenicilloyl polylysine solution (Pre-pen, Kremers-Urban, Milwaukee, WI) at a concentration of 6 X 10~5
M, with a single-dose ampule used for each testing session; (4) potassium benzylpenicillin (Pen G, Eli Lilly
Co.), 16.9 mM, of which a stock solution, 106 U/ml in normal saline was prepared fresh for each testing
session; (5) penicillin minor determinant mixture (MDM) consisting of sodium benzylpenicilloate and
sodium benzylpenilloate, each at 10 mM prepared according to the procedure of VanDellen et al.(9); (6)
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ampicillin (Bristol-Myers Squibb, New Brunswick, NJ) at 10 mg/mL for prick testing and 1 mg/mL for in¬
tradermal testing; (7) cefazolin (Bristol-Myers Squibb) at 10 mg/mL for prick testing and 1 mg/mL for in¬
tradermal testing; (8) cefuroxime (Glaxo Wellcome, Research Triangle Park, NC) at 10 mg/mL for prick
testing and 1 mg/mL for intradermal testing; and (9) ceftriaxone (Roche, Nutley, NJ) at 10 mg/ml for prick
testing and 1 mg/ml for intradermal testing.
Procedures for skin test and antibiotic challenge

Patients avoided all antihistamines for 2-A weeks prior to testing; the longer interval was recommended for
antihistamines with longer half-lives. Patients were skin tested on the forearm by the prick (puncture) tech¬
nique. If after 20 min the erythema and wheal response to the testing materials was greater than 5X5 mm

(>25 mm2), the patient was considered to be allergic to the antibiotic and no further testing was done. If the
prick test was negative (<25 mm2), then 0.02 ml of the testing material was injected intradermally into the
volar aspect of the forearm. After 15 min, the intradermal test was read. An erythema and wheal >5 X 5 mm

was considered to be positive and the patient was considered to be allergic to the antibiotic. A reaction greater
than 3X3 mm (>9 mm2) but less than 5X5 mm (<25 mm2) was considered to be borderline. Two testing
protocols were employed during the time course of the study. In the first skin testing protocol, 68 patients
with suspected amoxicillin or amoxicillin/clavulanate allergy were tested with Pen G, Pre-pen and MDM
reagents. In the second testing protocol, 93 subjects suspected of amoxicillin or amoxicillin/clavulanate al¬
lergy and 26 children suspected of cephalosporin allergy were tested with Pen G, Pre-pen, MDM, ampicillin,
cefazolin, cefuroxime, and ceftriaxone reagents. All skin tests were performed and read by trained technicians.

If the intradermal skin test was negative, the patient was then given a penicillin oral challenge (peni¬
cillin VK 125 mg white tablet [<40 lbs] or 250 mg [>40 lbs], Eli Lilly Co.) and then observed for 30
min to determine if there was an immediate reaction to the oral challenge. If there was no reaction, a
5-10 day challenge with the appropriate /3-lactam antibiotic of concern that previously elicited an ad¬
verse reaction was administered in the home setting with diphenhydramine on hand in case of an adverse
event. If a patient had experienced an adverse reaction to a single antibiotic, then that antibiotic was ad¬
ministered according to a standard schedule for 10 days. If the patient experienced an adverse reaction
to 2 antibiotics, then the patient received a 5-day course with the first (generally amoxicillin) followed
by a 3-day washout period and then a 5-day course with the second antibiotic of concern (generally a

cephalosporin). The patient was told to discontinue the antibiotic and contact the office immediately if
any reaction was experienced during the testing period. Any patient who reported a reaction was exam¬

ined to document the reaction. After completing the course of antibiotic, the patient returned 3-4 weeks
later to be skin tested again as appropriate in a manner identical to the initial evaluations. If the oral-
challenge doses of antibiotic were tolerated and the repeat skin test was negative, the patient and parent
were told that /3-lactam antibiotic use could be resumed. If patients tested positive to penicillin and ampi¬
cillin reagents, they were told to avoid these antibiotics but that they could receive oral cephalosporins
with the first dose administered under physician supervision and with diphenhydramine kept in the home
in case of an adverse reaction that developed later. Cephalosporin skin-test/oral-challenge-positive pa¬
tients were told to avoid all /3-lactam antibiotics.

Prospective follow-up
At the completion of the skin-testing regime, all patient records at the primary-care physician's office

were prospectively monitored for a period of 6 months to 8 years (average = 5.4 years), depending on when
the initial testing was performed, to ascertain whether oral antibiotics were subsequently administered from
the /3-lactam class and if any adverse reactions occurred.

RESULTS

One hundred and sixty-one patients with an examination-confirmed adverse reaction to amoxicillin and
twenty-six patients with cephalosporin reactions completed our testing protocol. The patients ranged in age
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from 6 months to 18 years at the time of skin testing. The most common clinical manifestations of an ad¬
verse antibiotic reaction were urticaria and polymorphous rash.

Based on the examination at the time of the adverse reaction, the patients were divided into a group for
whom the reaction was of a classically IgE-mediated type (hives, pruritis, angioedema, bronchospasm, or

laryngeal edema) and a group for whom the reactions was considered likely not be IgE mediated (poly¬
morphous rash, erythema multiforme, arthralgia, abdominal pain, serum sickness, emesis, or purpura). The
results of skin testing in relation to the patient's age and the type of previous reaction suggest that this cat¬

egorization was inaccurate (Table 1). Fifteen (27.8%) of fifty-four amoxicillin reactors had positive skin
tests or oral challenges even though their preceding histories and examinations suggested a non-IgE-me-
diated adverse event. Similarly, 2 (15.4%) of 13 cephalosporin reactors who had non-IgE type adverse
events, nevertheless, were positive on skin testing or oral challenge.

Thirty-four children (21.1%) suspected of amoxicillin allergy were positive on initial skin testing as were

eight (30.8%) suspected of cephalosporin allergy. Two (1.2%) of the skin tested children suspected of amox¬

icillin allergy had an initial skin test reaction which was negative but an IgE-type reaction on oral chal¬
lenge as did one (3.8%) of the skin-tested children suspected of cephalosporin allergy. After completion of
the oral challenge, if no adverse reaction occurred then children returned for repeat skin testing. Eighteen
patients (14.4%) of the one hundred twenty-five suspected of amoxicillin allergy returning for another skin-
testing challenge were positive, as were four (25%) of the seventeen suspected of cephalosporin allergy.

Table 2A shows the specific skin test reagent reactions of 45 children who had experienced an adverse
reaction to amoxicillin (and not a cephalosparin also as shown in Table 2B) and who were skin test posi¬
tive and 2 children who had reacted to penicillin and amoxicillin. Of the 30 patients positive on initial skin
testing who had previously experienced an adverse reaction to amoxicillin, 56% were skin-test positive to
a single reagent including one (3%) to MDM only and one (3%) to ampicillin only (Table 2A). Of the 15

Table 1. Results of Skin Testing in
Relation to Patient Age and Type of Previous
Reaction to Amoxicillin and Cephalosporins

Suspected amoxicillin allergy
Number ofpositive

skin-test/oral-challenge reactors

Age (Year) IgE* Non-IgE* Both* Total

0-6 22 10 4 36
7-12 7 4 3 14
13-19 3 10 4
Total 32 15 7 54

Suspected cephalosporin allergy
Number of positive

skin-test/oral-challenge reactors

Age (Year) IgE* Non-IgE* Both* Total

0-6 2 2 3 7
7-12 4 0 2 6
13-19 0 0 0 0
Total 6 2 5 13

aType of previous reaction based on examination. IgE-hives,
pruritis alone, angioedema, bronchospasm, and laryngeal
edema; Non-IgE-polymorphous rash, erythema multiforme,
arthralgia, abdominal pain, serum sickness, emesis, and pur¬
pura; both-components of IgE and non-IgE reactions.
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Table 2A. Comparison of Drug Allergic
Reaction with Reactivity to Various Skin-Test

Reagents in Skin-Test Positive Patients

Number ofpatients with
drug adverse reaction

Penicillin/
Amoxicillin Amoxicillin
(N = 45f (N = 2)

Skin-test reagents Initial Retest Initial Retest

Pen G only 8b 2 0 0
Pre-pen only 7 3 0 0
MDM only 15 0 0
Ampicillin only 12 0 1
Pen G/Pre-pen 6 0 0 0
Pen G/MDM 0 0 0 0
Pen G/Ampicillin 3 0 0 0
Pre-pen/MDM 110 0
Pre-pen/Ampicillin 0 0 0 0
MDM/Ampicillin 2 0 0 0
Pen G/Pre-pen/MDM 0 0 10
Pen G/MDM/Ampicillin 10 0 0
Pen G/Pre-pen/ 0 2 0 0

MDM/Ampicillin
Total 30 15 1 1

aTwo patients suspected of amoxicillin allergy were initially
skin-test negative but developed an IgE-mediated reaction on

oral challenge.
bNumber of patients with positive reactions to specified skin-

test reagent(s).

patients suspected of amoxicillin allergy only who were negative on initial skin testing but positive on re¬

peat skin testing, 10 (67%) were positive to a single skin test reagent, including 5 (33%) who were only
positive to MDM and 2 (13%) to ampicillin only (Table 2A).

Reactions to single-skin-test reagents were also observed in those who were suspected of cephalosporin
allergy and were skin-test positive on initial or repeat skin testing (Table 2B). Five children in our study
were suspected of cephalosporin allergy without concomitant suspicion of penicillin and/or amoxicillin al¬
lergy (cephalexin for three cases, cefadroxil for one case, and cefprozil for one case). Two (40%) of the
five patients were skin-test positive only to a cephalosporin (cefazolin) skin test reagent. Of the 8 children
suspected of a cephalosporin and amoxicillin and/or penicillin allergy, 1 (12.5%) was skin-test positive only
to a cephalosporin (cefuroxime) skin test reagent (Table 2B).

Two patients experienced an IgE-mediated reaction in association with the initial skin testing procedure;
both patients developed pruritis, were given diphenhydramine, and symptoms resolved while under a 1-h
observation. Two patients suspected of amoxicillin allergy and one of cephalosporin allergy had positive
oral challenges after negative initial skin tests, all of which were mild; their case histories are presented in
Table 3.

Patients who completed our skin testing and oral challenge protocol were prospectively monitored for
subsequent adverse reactions to /3-lactam antibiotic treatment courses. Multiple courses of penicillin, amox¬

icillin, and cephalosporins were administered to our patients during a 6-month to 8-year follow-up (mean =

5.4 years).
Patients suspected of amoxicillin allergy who experienced a positive skin test or oral challenge (N = 54)

were advised that they could nevertheless receive cephalosporin antibiotics. Eighty-three treatment courses

with cephalosporins were administered to these fifty-four patients subsequent to our skin testing protocol
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Table 2B. Comparison of Drug Allergic Reaction with Reactivity
to Various Skin-Test Reagents in Skin-Test Positive Patients

Patients with multiple ß-lactam allergy

Cephalosporins
(N = 5f

Penicillin/
Cephalosporin

(N = 3)b

Amoxicillin/
Cephalosporine

(N = 4f

Penicillin/
Amoxicillin/

Cephalosporin
(N = If

Skin-test reagents Initial Retest Initial Retest Initial Retest Initial Retest

Pen G only 0e 0
Pre-pen only 0 0
MDM only 0 1
Amp only 0 0
Pen G/Pre-pen 0 0
Pen G/MDM 0 0
Pen G/Amp 0 0
Pre-pen/MDM 0 0
Pre-pen/Amp 0 0
MDM/Amp 0 0
Pen G/Pre-pen/MDM 0 0
Pen G/MDM/Amp 1 0
Cefazolin 2 0
Cefuroxime 0 0
Ceftriaxone 0 0
Total 3 1

0
0
1
0
0
0
0
0
0
0
1
0
0
0
0
2

0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1

1
0
1
0
0
0
0
0
0
0
1
0
0
0
0
3

1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

aCephalosporin allergy suspected were Cephalexin three times, Cefadroxil once and Cefprozil once. After initial skin testing
was negative, the patient suspected of Cefprozil allergy developed an IgE-mediated reaction on oral Cefprozil challenge.

'Three penicillin combinations were penicillin/Cefadroxil, penicillin/Cephalexin and penicillin/Cefuroxime. After initial skin-
and oral-challenge to penicillin and Cefuroxime was negative, the retest to Cefuroxime was positive in one patient.

cFour amoxicillin combinations were amoxicillin/Cefaclor, amoxicillin-Clavulanate/Loracarbef, and amoxicillin/Cephalexin
twice.

dThe suspected cephalosporin was Cefaclor.
eNumber of patients with positive reactions to specified skin-test reagent(s).

Table 3. Case Histories

Reactions to oral challenge after initial skin testing was negative

Patient
Suspected drug

allergy
Initial

skin testing
Challenge
drug/dose Reaction

Onset after
challenge

Amoxicillin

Cefprozil

Amoxicillin

All negative

All negative,
including
Cefuroxime

4X4 mm
intradermal
reaction to
MDM and
negative to
remainder

Penicillin VK
250 mg tid
for 5 days

Penicillin VK
250 mg bid
then Cefprozil
250 mg for 3 days

Penicillin VK
250 mg tid
for 2 days

Itchy eyes and
periotbital
edema

Hives and
angioedema

Hives

Fifth day of oral
challenge

Tolerated
penicillin, then
on third day of
Cefprozil

Second day of
penicillin
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Total # Courses=83

Total # Patients=54

ÉJJL
2 3 4 5

Number of Treatment Courses

FIG. 1. Suspected amoxicillin/amoxicillin-Clavulanate allergic patients who were skin test or oral challenge positive
and received cephalosporins uneventfully. Shown are the cumulative number of treatment courses in patients in the
study population receiving cephalosporin antibiotic courses after positive skin testing.

(Fig. 1) and one treatment course (1.2%) in one patient (1.9%) resulted in an IgE-type mediated reaction,
which was mild (Table 4). The patient was subsequently skin tested with cefuroxime and the skin testing
was positive.

Patients suspected of amoxicillin allergy who were skin-test negative (N = 107) and patients suspected
of cephalosporin allergy who were skin-test negative (N = 13) were advised that they could receive any /3-
lactam antibiotic prescribed by their physicians. Amoxicillin reactors who were skin-test negative received
231 courses of amoxicillin or penicillin and 93 courses of cephalosporins with no reactions (Fig. 2).
Cephalosporin reactors who were skin-test negative received 21 courses of amoxicillin or penicillin and 12
courses of cephalosporins with no reactions (Fig. 3).

Three patients (1.7%) developed urticaria during one of their subsequent courses of /3-lactam antibiotics.
Two of these patients had borderline positive skin tests and one was completely negative (Table 5).

Table 4. Case History

Reactions to cephalosporins after positive or borderline penicillin skin testing

Subsequent antibiotic treatments

Patient Time after Testing Antibiotic Reaction
Onset after

challenge

Prior skin-testing
results

Initial Prick

3 months Cefaclor Hives 9 days Pre-pen
MDM
Pen G

5X5
3X3
4X4

Had Cefuroxime testing 3 months after Pen testing and 10 days after reaction to Cefaclor, and the results were:

Prick ID

Cefuroxime 10 mg/ml 0 3X3 mm
Cefuroxime 1 mg/ml ND 6X7 mm
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Courses Uneventfully

 TotaJ # Pen/Amox Courses=23l
D Total # Ceph Courses=93

Total #Patients=107

22

13

110 10

111   I |0 _ '0 '0
4 5 6 7

Number of Treatment Courses

FIG. 2. Suspected amoxicillin/amoxicillin-Clavulanate allergic patients who were skin test or oral challenge negative
and received penicillin, amoxicillin, and cephalosporin treatment courses uneventfully. Shown are the cumulative num¬

ber of treatment courses in patients in the study population receiving /3-lactam antibiotic courses after negative skin
testing.

DISCUSSION

We recently reported'39' that pediatrician-diagnosed allergy to penicillin, amoxicillin, and various oral
cephalosporins based on their examination of patients at the time of the reaction was accurate in predict¬
ing IgE sensitivity for 84 (34%) of 247 children. Our positivity rate at each testing phase was higher than
that observed by Mendelson et al./40' whose referrals were based on history only. Here, we describe skin-
testing reagent reactions in detail for our patients suspected of amoxicillin and cephalosporin allergy and
our observations for the entire study population during prospective monitoring for reactions to subsequent
use of /3-lactam antibiotics.

 Total # Pen/Amox Courses=21
G Total # Ceph Courses= 12

Total #Patients= 13

 
Number of Treatment Courses

FIG. 3. Suspected cephalosporin allergic patients who were skin test negative and received penicillin, amoxicillin,
and cephalosporin treatment courses uneventfully. Shown are the cumulative number of treatment courses in patients
in our study population receiving /3-lactam antibiotic courses after negative skin testing.
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IgE versus non-IgE reactions
The importance of classifying the adverse reaction to a /3-lactam as immunologically versus not im-

tnunologically mediated and IgE versus non-IgE mediated has been emphasized/1'16·23·24' IgE-mediated re¬

actions include anaphylaxis, laryngeal edema, bronchospasm, angioedema, urticaria, and, in some cases,
polymorphous rash. Erythema multiforme, arthralgia, abdominal pain, serum sickness, emesis, and purpura,
as well as hemolytic anemia, contact dermatitis, and nephritis, are considered to be non-IgE immunologie

-mediated reactions. In addition, idiosyncratic reactions occur to /3-lactam antibiotics and most polymor¬
phous rashes are considered to be in this category. If a rash is associated with pruritis, then an IgE mech¬
anism is inferred. Nevertheless, our results and others''40' support that limiting elective /3-lactam antibiotic
skin testing to those with typical IgE-type reactions would result in a number of patients with IgE antibody
(and potentially at risk) remaining unidentified.

Importance of the oral challenge
IgE hypersensitivity to /3-lactam antibiotics wanes (and perhaps can disappear) over time/16·21·41·42' Thus,

an initial negative skin testing procedure indicates the absence of detectable quantities of IgE antibody;
however, memory B-cell clones may be present that are capable of expansion and differentiation, thereby
leading to reexpression of IgE antibody. The conversion of skin-test negative patients to skin-test positive
status in our study population attests to this idea. If IgE is undetectable by skin testing then an anaphylac¬
tic or other serious reaction is unlikely with immediately following oral challenge/43'

Skin testing without oral challenge would fail to identify non-IgE immunologie and non-IgE idiosyn¬
cratic reproducible reactions. Although all of our positive oral challenges were immunologie, IgE-mediated
reactions, the oral challenge afforded an opportunity to detect non-IgE-mediated immunologie and/or idio¬
syncratic reactions.

Table 5. Case History

Reaction to oral challenges after completion of testing protocol

Patient Time after Testing Antibiotic Reaction Onset after challenge
Prior skin-testing results"

Initial ID

13 months
15 months'1
19 months

4 months
7 months
15 months

16 months'1

18 months
24 months

8 months1,
skin tests

Cephalexin
Amoxicillin0

Cefprozil

Cefixime
Amox/clav
Amoxicillin

Amoxicillin0

Cefadroxil
Cefadroxil

Amoxicillin0

none
Hivesd

none
none
none

10 days0

Hivesd 9 dayse
none
none

Hivesd

Pen G
Pre-pen
MDM

Ampicillin
Initial

PenG
Pre-pen
MDM

Ampicillin
Retest

0
0

3X3
3X3

ID

3X4
3X3

0
3X4

ID

9 dayse

Pen G 3X3
Pre-pen 0
MDM 0

Ampicillin 4X3
Completely negative

aResults shown are those observed during the initial or repeat skin testing; for interpretation of results see Methods in the text.
•Time interval between negative result on skin testing and oral-challenge protocol and subsequent reaction to an antibiotic,
°positive oral challenge antibiotic, dtype of reaction noted, and enumber of days on the subsequent antibiotic before the reac¬

tion was observed.
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Skin testing reagent panel
It is important to select an appropriate skin testing panel of reagents because some patients respond with

positive reactions to just one reagent. The value of including MDM in identifying patients at higher risk
for serious IgE-mediated reactions has been established in other investigations/15·40' Positive reactions to

only MDM were seen in 9 of our amoxicillin and cephalosporin-allergic children. The addition of an ampi¬
cillin skin test reagent has been advocated for patients who have had adverse reactions to amoxicillin/22·24-26'
Bianca et al/24' studied 288 patients with a history of allergy to penicillin. Skin tests, specific IgE-antibody
measurements, and direct-challenge tests revealed 64 (22%) to be allergic to one or more penicillins. Twenty
(31%) of these 64 patients reacted only to ampicillin; thus, 6.9% of the total group of penicillin-allergic pa¬
tients would have been missed in that study if only benzyl penicillin and phenoxymethyl penicillin were
used as diagnostic reagents. Four of our suspected amoxicillin-allergic patients were skin-test positive only
to ampicillin.
Predictive accuracy of testing protocol

Nearly all patients with previous reactions to penicillin can subsequently receive the drug safely if they
have negative skin tests to the major and minor determinants/40·42' The reliability of skin testing with the
major determinant alone has been reported to be as high as 97% whereas the addition of Pen G and MDM
may bring the reliability to 99%/16.18.23·24) in outpatients, the risk of conversion from a negative to a pos¬
itive skin test following a skin-testing procedure is considered to be negligible. However, this conclusion
has been reached after short follow-up/40·44' Parker et al/44' described three (16%) of 18 patients who had
a history of penicillin allergy and who were skin-test negative but converted to skin test positive 1-12
months after receiving a full intravenous course of this antibiotic.

In our study, the predictive accuracy of elective /3-lactam antibiotic testing was assessed during 252 sub¬
sequent penicillin or amoxicillin and 105 cephalosporin treatment courses following negative testing and
oral challenge in 120 patients. We observed only three adverse IgE reactions (0.84%/treatment course and
2.5%/patient), all of which were mild. Eighty-three treatment courses with cephalosporins were unevent¬

fully administered to fifty-four amoxicillin skin-test/oral challenge-positive patients. One adverse reaction
(1.2%/treatment course and 1.9%/patient) was observed, which was mild.

Detecting cephalosporin allergy
The cephalosporins are /3-lactam antibiotics that differ in structure from the penicillins by the substitu¬

tion of a dihydrothiazine ring for the thiazolidine ring of penicillins (Fig. 4).
Of concern is the potential for allergic cross reactivity in patients who are considered to be penicillin or

cephalosporin-hypersensitive/2·3·35' The basic structures of the penicillins and the cephalosporins (6-amino-
penicillanic acid and 7-amino-cephalosporanic acid) are similar in several respects. Both classes of antibi¬
otic are of low molecular weight, are highly substituted, possess a /3-lactam ring structure on which an¬

timicrobial activity depends, and possess a separate ring structure containing sulfur. However, the chemistry
of the degradation and transformation of the penicillins differs from that of the cephalosporins/45' After the
action of the specific /3-lactamases, penicillin forms a stable penicilloate whereas cephalosporin forms an

ultraviolet absorption peak that disappears rapidly, a phenomenon indicating fragmentation of the
cephalosporin nucleus. Thus, on the basis of the chemical structure and degradation of the penicillins and
cephalosporins, differing conclusions might be reached on the likelihood of immunologie cross reactiv¬
ity (3U6.45-47)

Hypersensitivity to first-generation cephalosporins in those patients who have histories of penicillin al¬
lergy was reviewed by Petz/38' Among 15,987 patients (from different studies) treated with cephaloridine,
cephalothin, cephalexin, and cefazolin, 8.1% of patients with histories of penicillin allergy had reactions
compared to 1.9% of patients without such histories/38' Other retrospective studies have suggested that pa¬
tients with histories of penicillin allergy are 4-8 times more likely to have allergic reactions when given
cephalosporins than those without histories of penicillin allergy/32·35' However, in those studies the history
of penicillin allergy was not confirmed by skin tests and many of the cephalosporin reactions may not have
been immunologically mediated. In addition, Smith et al/48' showed that individuals with prior adverse re-
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actions to a chemically unrelated drug have about a 3-fold increased risk of penicillin reactions. Norrby's(4)
review of cephalosporin allergy suggested that second- and third-generation cephalosporins cause a lower
incidence of allergic reactions than first-generation drugs and the reactions generally consist of rash, ur¬

ticaria, and pruritis. Lin(24' contacted all of the pharmaceutical manufacturers of cephalosporin antibiotics
to ascertain the risk of developing a reaction following cephalosporin treatment in penicillin allergic pa¬
tients. This survey revealed an overall relative risk of 1.6-fold for developing a reaction following
cephalosporin therapy in a penicillin-allergic patients for a third-generation cephalosporin; this is decidedly
lower than the relative risk of a 4-fold increase noted by Petz(38' for first-generation cephalosporins.

Early studies suggested that cephalothin skin test reagent concentrations > 1 mg/mL tended to give false-
positive reactions when administered intradermally/3·49' Also, contamination of cephalothin with penicillin
was known to occur/49' It has been stated that it is rare for patients with reactions to cephalosporin side
chains not to be picked up by standardized penicillin skin-testing methods/5' Skin testing to cephalosporins
is not standardized and the results to date have not been validated/1'

Three studies involving 98 skin-test positive patient reagents treated with cephalosporins have been re¬

ported/3·22·42' Saxon(3) challenged 62 such patients and 1 experienced anaphylaxis while Solley et al/22'
treated 27 penicillin skin-test positive patients with cephalosporin antibiotics without an allergic reaction
and Shepherd et al/42' challenged 9 patients without adverse consequences.

In our study, we elected to perform cephalosporin skin testing with three native compounds: We chose
cefazolin for patients reacting to first-generation cephalosporins, cefuroxime for patients reacting to sec¬

ond-generation cephalosporins, and ceftriaxone for patients reacting to third-generation cephalosporins.
We elected to use this approach, recognizing that the generation of cephalosporin class does not always
correspond with similarities in chemical structure*27' (Fig. 4). As has been observed with the use of ampi¬
cillin as a skin-testing reagent for ampicillin/amoxicillin allergic patients/24' we found the addition of
cephalosporin skin-testing reagents reveals positive reactions that occur only to the cephalosporin skin-
test reagent. Also, we identified one patient who had a positive skin test with penicillin determinants who
was permitted to receive cephalosporins but then experienced an urticarial reaction on ingestion of ce¬

faclor (Eli Lilly Co., Indianapolis, IN) three months later. That patient, when subsequently skin tested
with cefuroxime, showed a positive reaction.

CONCLUSIONS

Our investigation leads us to the following conclusions:

The results of elective /3-lactam antibiotic skin testing cannot be predicted based on the type of previous
adverse reaction (IgE versus non-IgE) leading to the suspicion of allergy. Seventeen (25%) of sixty-seven
skin-test oral challenge-positive patients had a non-IgE-type adverse event leading to their referral.
A panel of /3-lactam antibiotic skin-test reagents, which includes ampicillin, cefazolin, cefuroxime, and
ceftriaxone, may detect more test-positive patients suspected of amoxicillin and/or cephalosporin allergy
than just the three reagents benzylpenicillin phosphate (major determinant), penicillin G, and penicillin
MDM. The addition of ampicillin and cephalosporin reagents identified 7 (3.7%) patients as skin-test pos¬
itive who otherwise would have been missed.
The reliability (sensitivity) in predicting which patients with prior suspected /3-lactam antibiotic allergy
can receive these antibiotics again safely appears to be high. Fifty-four patients skin-test positive to peni¬
cillin and/or ampicillin subsequently received eighty-three courses of cephalosporins with 1 reaction. One
hundred and twenty skin-test negative patients to cephalosporin and penicillin/ampicillin subsequently re¬

ceived ninety-three courses of cephalosporins with zero adverse reactions and two hundred thirty-one
courses of penicillin and/or amoxicillin with three reactions.
/3-lactam antibiotic skin testing is safe. Only 3 reactions occurred in our patients, these reactions were all
mild.
Elective /3-lactam antibiotic skin testing is helpful to patients and referring primary-care physicians be¬
cause it allows the return to use of this valuable antibiotic class in the majority of cases. Four hundred
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forty /3-lactam antibiotic courses were given to 174 patients successfully after completion of the testing
protocol, whereas, prior to referral and testing, these courses were completely precluded.
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