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ABSTRACT. Background. Skin tests with soluble
b-lactams can be used to diagnose immediate and de-
layed hypersensitivity (HS) reactions to b-lactam antibi-
otics. Very few studies have been performed with chil-
dren with suspected b-lactam allergy. In these studies,
immediate HS to b-lactams was diagnosed by skin tests
in 4.9% to 40% of children. The diagnostic and predictive
values of immediate responses in skin tests are good,
because very few children with negative skin test results
have positive oral challenge (OC) test results. Delayed
responses in skin tests (intradermal and patch tests) have
been reported in adult patients and children suffering
with urticaria, angioedema, and maculopapular rashes
during treatments with b-lactam antibiotics. However,
the diagnostic and predictive values of late responses are
unknown. Semi-late responses in skin tests with b-lac-
tams have never been studied in adults or children.

Objectives. The aims of this study were to confirm or
rule out the diagnosis of allergy to b-lactams in children
with histories of adverse reactions to these antibiotics, to
determine whether allergic children were sensitized to
one or several classes of b-lactams, and to evaluate the
frequency and diagnostic value of immediate, acceler-
ated, and delayed responses in skin tests with b-lactam
antibiotics in children.

Methods. We studied 325 children with suspected
b-lactam allergy. Skin tests (prick and intradermal) were
performed with soluble forms of the suspected (or very
similar) b-lactams and with one or several b-lactams
from other classes. The reaction was assessed after 20
minutes (immediate), 8 hours (accelerated), and 48 to 72
hours (delayed). OCs with the suspected b-lactams were
performed in patients with negative skin test results,
except those with severe serum sickness-like reactions
and potentially harmful toxidermias.

Results. Skin tests and OCs led to the diagnosis of
b-lactam allergy in 24 (7.4%) and 15 (4.6%) of the chil-
dren, respectively. Thus, only 12% of the children were
diagnosed as allergic to b-lactams by means of skin tests
and OC. HS to b-lactams was suspected from clinical
history in 30 (9.2%) children reporting serum sickness-
like reactions and potentially harmful toxidermias. In a
few children, we diagnosed food allergy and intolerance
to excipients or nonsteroidal antiinflammatory drugs. No
cause was found in the other children.

Based on skin tests and OC, the prevalences of immu-
noglobulin E-dependent and of semi-late or delayed sen-
sitizations to b-lactam assessed were similar (6.8% vs

5.2%, respectively). Most immunoglobulin E-dependent
sensitizations were diagnosed by means of skin tests
(86.4%). In contrast, most semi-late and delayed sensiti-
zations were diagnosed by OC (70.6%). The likelihood of
b-lactam allergy was significantly higher for anaphylaxis
(42.9% vs 8.3% in other reactions) and immediate reac-
tions (25% vs 10% in accelerated and delayed reactions).

Of the children diagnosed as allergic to b-lactam by
means of skin tests, OC, and clinical history, 11.7% were
sensitized to several classes of b-lactams. The risk was
significantly higher in children with anaphylaxis (26.7%
vs 7.5% of the children with other reactions) and in
children reporting immediate reactions (33.3% vs 8.5% of
the children with accelerated and delayed reactions).

Finally, age, sex, personal history of atopy, number of
reactions to b-lactams, and number of reactions to other
drugs were not significant risk factors for b-lactam al-
lergy.

Conclusion. The skin tests were safe, and the imme-
diate reaction to skin tests successfully diagnosed allergy
to b-lactam antibiotics in children reporting reactions
suggestive of immediate HS. In contrast, most acceler-
ated and delayed reactions were diagnosed by OC. Thus,
our results suggest that the diagnostic and predictive
values of skin tests for nonimmediate HS to b-lactams in
children are low. They also strongly suggest that most
reactions reported in children are attributable to infec-
tious diseases or interactions between drugs and infec-
tious agents rather than to b-lactam HS. Pediatrics 1999;
104(4). URL: http://www.pediatrics.org/cgi/content/full/
104/4/e45; b-lactams, allergy, skin tests, oral challenge,
child.

ABBREVIATIONS. ID, intradermal; PPL, benzyl-penicilloyl poly-
lysine; MDM, minor determinant mixture; HS, hypersensitivity;
MPR, maculopapular rash; OC, oral challenge; SSLR, serum sick-
ness-like reaction; EM, erythema multiforme; SJS, Stevens–
Johnson syndrome; GEP, generalized exanthematous pustulosis;
DTH, delayed-type hypersensitivity.

Between 1% and 10% of patients treated with
b-lactam antibiotics report reactions suggestive
of allergy to these drugs.1–4 Immediate re-

sponses to prick tests and intradermal (ID) tests with
benzyl-penicilloyl polylysine (PPL) and minor deter-
minant mixture (MDM) have good diagnostic and
predictive values in patients with reactions sugges-
tive of immediate hypersensitivity (HS) to penicil-
lins.2,5–7 However, skin tests with PPL and MDM may
fail to detect specific sensitization to individual b-
lactams.8–12 In contrast, skin tests using soluble b-
lactams diagnose a significant number of immediate
sensitizations to penicillins and b-lactams.5,12–18

Delayed responses to individual b-lactams in skin
tests (ID and patch tests) have been reported in adult
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patients and children with delayed reactions to b-
lactam antibiotics, such as urticaria and angio-
edema, maculopapular rash (MPR), and unidentified
rashes.19–26 Accelerated responses in skin tests with
b-lactams have never been studied in patients with
suspected b-lactam allergy.

Other tests, such as radioallergosorbent test, have
low specificity and sensitivity.11,13,22,27–31 Moreover, it
has been shown that .50% of patients with positive
radioallergosorbent test results have negative test
results after 1 year.32–34

We studied immediate, accelerated, and delayed
responses to skin tests with soluble b-lactams and
oral challenge (OC) in children reporting reactions
suggestive of allergy to b-lactam antibiotics. Our
goals were to confirm or rule out allergy to b-lactams
and to determine whether the children were sensi-
tized to one or several classes of these drugs. We also
evaluated the frequency and diagnostic value of ac-
celerated and delayed responses to skin tests with
b-lactam antibiotics in children.

METHODS

Patients
This study included 325 children (169 boys and 156 girls), 8

months to 17.8 years of age (mean: 5.25 years). Of the children, 146
(44.9%) had a personal history of atopy. The mean time between
the most recent reaction and the tests was 18.5 months (1 month to
15 years). Patients took no antihistamines or oral corticosteroids
for 2 to 4 weeks before skin tests and OC.

Reactions to b-lactams were classified as described by Levine.35

A total of 469 reactions were reported, with 117 children (36%)
reporting $2 reactions to treatment with a particular b-latam (n 5
10; 3.1%) or several b-lactams (n 5 107; 32.9%). Amoxicillin alone
or associated with clavulanic acid was most frequently reported to
cause adverse reactions (60%), followed by first generation ceph-
alosporins (cephadroxil, cefaclor, cephatrizine, and cephalexine:
29.6%). Other suspected b-lactams were cefixime, cefpodoxime,
penicillins V and M, cefuroxime, and ampicillin. Children report-
ing several reactions were classified based on the most severe
and/or most rapid reaction (Table 1). Of the children, 75 (23.1%)
had tolerated treatment with other classes of b-lactams since his or
her most recent reaction.

Of the children, 138 (42.5%) also reported one or several reac-
tions (primarily urticaria, angioedema, and unidentified rashes) to
other drugs. Macrolides and sulfonamides were the primary
drugs involved.

Skin Tests
Skin tests were performed with the soluble form of the sus-

pected (or very similar) b-lactams and one or several b-lactams
from other classes, at various concentrations (250–25 000 IU/mL
for benzylpenicillin and 0.25–25 mg/mL for other b-lactams), as
described by Vervloet and Pradal.36 The stock solution was pre-
pared by reconstituting the freeze-dried b-lactam with 0.9% NaCl.

Solutions of the required concentrations were obtained by serial
dilutions of the stock solution with 0.9% NaCl. For children re-
porting reactions to a combination of amoxicillin and clavulanic
acid, skin tests were performed with amoxicillin only.

Increasing concentrations of the reagents were tested initially
by the prick method. If prick test results were negative, 0.02 mL of
the solutions were serially injected intradermally. A weal $3 mm
(prick) or 5 mm (ID) in diameter, present 15 to 20 minutes after the
application, was defined as an immediate positive response if
there was also a negative response to control solution (0.9% saline)
and a positive response to histamine (prick: 1 mg/mL; ID: 0.1 mg/
mL). Accelerated and delayed responses to ID injections were re-
corded after 8 hours (accelerated) and 48 to 72 hours (delayed) and
were classified as positive if weals $5 mm in diameter were present.

The soluble b-lactams used were benzylpenicillin (Penicillin G;
Panpharma Laboratories, Fougeres, France), oxacillin (Bristopen;
Bristol-Myers Squibb, New York, NY), amoxicillin (Clamoxyl;
Beecham, Philadelphia, PA), ampicillin (Totapen; Bristol-Myers
Squibb), ticarcillin (Ticarpen; Beecham), cephaloridin (Ceporine;
Glaxo Wellcome, Greenford, UK), cephalotin (Keflin; Lilly, India-
napolis, IN), cefazolin (Cefazolin; Panpharma, Fougènes, France),
cephamandole (Kefandol; Lilly), cefotaxime (Claforan; Roussel,
Frankfurt, Germany), ceftazidime (Fortum, Glaxo Wellcome), and
ceftriaxone (Rocephine; Roche, Burlington, NC).

OCs
OCs with the suspected b-lactams were performed for children

with negative skin test results, except those reporting serum sick-
ness-like reaction (SSLR) and potentially harmful toxidermias.
Thus, 271 children underwent OC with the suspected b-lactams,
either at the hospital for 24 to 48 hours (immediate and accelerated
reactions; n 5 96) or at home (delayed reactions; n 5 175). In the
hospital, children received a first dose of 0.5 mg of the drug. The
dose was increased gradually until the appropriate cumulative
dose per day for age and weight was reached. At home, daily
therapeutic doses were prescribed for 5 to 7 days. Children were
advised to stop treatment and to take oral antihistamines and/or
corticosteroids if they experienced a reaction.

OCs also were performed with a b-lactam from a class other
than the class suspected of causing the reaction in 39 children with
positive skin test results or OC for the suspected b-lactams and
negative test results with b-lactams from other classes and in
children with SSLR and potentially harmful toxidermias.

OCs were classified as positive if an adverse reaction of an
allergic nature (eg, urticaria and/or angioedema, MPR, erythema
multiforme [EM]) occurred during the treatment or within 24 to 48
hours of the end of the treatment.

Statistical Analysis
Differences were assessed by the x2 test. A P value , .05 was

considered to be significant.

RESULTS

Skin Tests
Immediate assessments of prick tests were always

negative, and most immediate responses were re-
corded intradermally at concentrations of 2500
IU/mL for benzylpenicillin and of 2.5 mg/mL for the

TABLE 1. Clinical Data for Children With Suspected b-Lactam Allergy According to Nature, Severity, and Time of Onset of Adverse
Reactions*

Reaction (Nature and Severity) Time of Onset Total

Immediate Accelerated Delayed

Anaphylaxis 14 9 12 35 (10.8%)
Urticaria and/or angioedema 20 81 74 175 (53.8%)
Severe SSLR 16 16 (4.9%)
Maculopapular rashes 10 10 (3%)
EM, SJS, GEP, and erythroderma 3 11 14 (4.3%)
Unidentified rashes 2 35 38 75 (23%)
Total 36 (11%) 128 (39.4%) 161 (49.6%) 325 (100%)

* Children reporting several reactions were classified on the basis of the most severe and/or most rapid reaction.
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other b-lactams. Accelerated and delayed responses
with aminopenicillins and cephalosporins were ob-
served intradermally at concentrations of 25 mg/mL.
In 2 children with accelerated and delayed responses
to ID injections, prick tests (25 mg/mL) became posi-
tive at the 8th and the 48th to 72nd hours, respectively.

Skin test results were positive with one class or
several classes of b-lactams in 22 children (6.8%),
either immediately (19 cases: 5.9%) or at accelerated
and delayed assessments (3 cases: 0.9%). Two other
children had negative skin test results, but reported
the development of an accelerated benign urticaria,
probably attributable to inadvertent subcutaneous
injection of the reagent. These 2 children were diag-
nosed as allergic to the suspected b-lactams. Skin test
results were negative in all the children reporting
MPR, SSLR, and potentially harmful toxidermia.
Thus, 24 children (7.4%) were diagnosed as allergic
to one b-lactam or several b-lactams by means of
skin tests (Table 2). There was no significant differ-
ence between the children tested within 1 year of
their most recent reaction (16/178: 9%) and those
tested later (8/147: 5.5%).

Oral Challenge
OC test results with the suspected b-lactams were

positive for 17 of 271 children (6.3%; Table 3; cases

25–41). Immediate or accelerated reactions were re-
corded in 7 hospitalized children. Delayed reactions
were detected by a physician in 10 children with OC
performed at home. All the reactions were mild and
easily controlled with antihistamines and/or cortico-
steroids. The frequency of positive OC was not sig-
nificantly different between the children tested
within 1 year of their most recent reaction and the
children tested later.

OC test results with b-lactams other than those
suspected were negative, except in 1 child with a
severe SSLR to amoxicillin, associated with clavu-
lanic acid, reporting delayed urticaria in response to
OC with cefixime (case 42).

In 3 children, OC test results were positive for
amoxicillin associated with clavulanic acid, but neg-
ative with amoxicillin alone, suggesting an allergy to
clavulanic acid (cases 27, 31, and 40). Three other
children with positive OC test results for pediatric
suspensions of b-lactams tolerated OC with tablets or
capsules of the same b-lactams (cases 34, 35, and 41).
These children are probably intolerant to the excipients
present in the pediatric suspension, because they also
reported reactions to unrelated drugs containing the
same excipients. Thus, OC allowed the diagnosis of
b-lactam allergy in 15 children (4.6%).

TABLE 2. Case Histories of 24 Children With Positive Skin Test Results to b-Lactams (n 5 22) or Cutaneous Reactions Induced by
Skin Tests (n 5 2)

Cases Clinical Symptoms
(Drugs)

Chronology Positive Skin
Test Results

Negative OC
Test Results

Anaphylaxis
1 Urticaria 1 respiratory distress (amoxicillin) Immediate Penicillin G, amoxicillin,

cefazolin, cefotaxime
ND

2 Shock with laryngeal edema (cefatrizine) Immediate Amoxicillin, cefazolin Cefixime
3 Shock (cefaclor) Immediate Amoxicillin, cefazolin Cefpodoxime
4 Shock (cefatrizine) Immediate Cefazolin, cefotaxime Amoxicillin
5 Urticaria 1 laryngeal edema (cefatrizine) Immediate Cefazolin Amoxicillin
6 Urticaria 1 laryngeal edema (cefatrizine) Immediate Cefazolin Amoxicillin
7 Urticaria 1 laryngeal edema (cefatrizine) Immediate Cefazolin ND*
8 Severe faintness 1 angioedema (cefatrizine) Immediate Cefazolin, cefotaxime Amoxicillin
9 Urticaria 1 laryngeal edema (cefixime) Delayed Cefotaxime Amoxicillin

10 Urticaria 1 laryngeal edema (amoxicillin) Delayed Amoxicillin, cefotaxime ND
11 Urticaria 1 laryngeal edema (cefaclor) Delayed Cefazolin ND*
12 Angioedema 1 respiratory distress

(amoxicillin 1 clavulanic acid)
Delayed Amoxicillin† Cefixime

Mild to moderate urticaria or angioedema

13 Angioedema (amoxicillin) Accelerated Amoxicillin, cefotaxime ND
14 Urticaria (cefpodoxime) Accelerated Cefotaxime Amoxicillin
15 Angioedema (cefixime) Accelerated Cefotaxime Amoxicillin
16 Angioedema (amoxicillin) Accelerated Amoxicillin ND*
17 Urticaria (cefixime) Accelerated Cefotaxime Amoxicillin
18 Urticaria 1 angioedema (cefadroxil) Accelerated Cefazolin‡ Amoxicillin
19 Urticaria 1 angioedema (cefatrizine) Accelerated Cefazolin‡ Amoxicillin and

cefpodoxime
20 Urticaria 1 angioedema (amoxicillin) Accelerated and delayed Amoxicillin† ND*
21 Urticaria 1 angioedema (amoxicillin) Delayed Amoxicillin† ND*
22 Urticaria (cefadroxil) Delayed Cephalotin Oracillin, amoxicillin

Other reactions

23 Unidentified rash (cefaclor) Delayed Amoxicillin, cefazolin ND
24 Unidentified rash (amoxicillin) Delayed Amoxicillin, cefotaxime ND

ND indicates not done.
* No reaction with nonsuspected betalactams since the (most recent) reaction.
† Immediate response negative, only accelerated and delayed skin tests positive.
‡ Negative skin test results, but accelerated urticaria following skin tests.
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Clinical History
Based on clinical history, SSLR was diagnosed in

16 children; 6 reacted to amoxicillin only, 8 to ceph-
alosporins only, and 2 to amoxicillin and cephalo-
sporins (including case 42). A total of 14 other chil-
dren were diagnosed as having severe EM, Stevens–
Johnson syndrome (SJS), generalized exanthematous
pustulosis (GEP), or erythroderma associated with
treatments with amoxicillin only (5 children), amoxi-
cillin associated with clavulanic acid (6 children), or
other b-lactams (3 children).

Final Diagnosis
Based on skin tests, OC, and clinical history, 68

(20.9%) children (31 boys and 37 girls), from 4
months to 16 years of age (mean: 5.5 years), were
diagnosed as allergic to one b-lactam or several
b-lactam antibiotics (Table 4). A total of 57 (83.8%)

reacted to penicillins or cephalosporins only, 3 (4.4%)
to clavulanic acid, and 8 (11.8%) to both penicillins
and cephalosporins (Table 5). In 11 other children,
we diagnosed intolerance to excipients (3 cases) (Ta-
ble 3), food allergy (5 cases), and aspirin intolerance
(3 cases; Table 6). The cause of the original reaction
was not identified for the other children.

Potential Risk Factors for HS to b-lactam Antibiotics
Based on skin tests and OC, HS to b-lactams was

diagnosed in 39 children (21 boys and 18 girls; mean
age: 6.8 years). There was no significant difference in
the age and sex of children with positive and nega-
tive skin and OC test results. Skin and OC test results
were positive in 18 of 146 (12.3%) children with a
personal history of atopy and in 21 of 179 (11.7%)
children with no personal history of atopy (P 5 not
significant). Responses to skin tests and OC were

TABLE 3. Oral Challenge in 18 Children With Negative Skin Test Results to b-Lactams

Cases Clinical Symptoms
(Drugs)

Chronology OC Positive
With (Chronology)

Oral Challenge
Negative With

Anaphylaxis
25 Angioedema 1 palmoplantar

pruritus (amoxicillin)
Immediate Amoxicillin (immediate urticaria

and angioedema)
Cefixime

MPR (cephatrizine) Delayed
26 Urticaria 1 laryngeal edema

(amoxicillin)
Accelerated Amoxicillin (immediate urticaria

and angioedema)
ND (treatments tolerated with

cephalosporins)
27 Laryngeal edema (amoxicillin) Accelerated Amoxicillin-clavulanic acid

(immediate angioedema)
Amoxicillin

Urticaria 1 angioedema
(amoxicillin-clavulanic acid)

Delayed

Mild to moderate urticaria or angioedema

28 Urticaria (amoxicillin) Accelerated Amoxicillin (delayed urticaria) Cefixime
Urticaria (cefatrizine) Accelerated

29 Urticaria (amoxicillin) Delayed Amoxicillin (delayed urticaria) Cefixime
30 Urticaria (cefixime) Delayed Cefixime (accelerated urticaria) Cefaclor, cefpodoxime

Unidentified rash (cefaclor) Delayed
31 Urticaria (amoxicillin-clavulanic

acid)
Accelerated Amoxicillin-clavulanic acid

(accelerated urticaria)
Amoxicillin

32 Angioedema (cefaclor) Accelerated Amoxicillin (delayed
angioedema)

Cefixime

Angioedema (amoxicillin) Accelerated
33 Urticaria 1 angioedema

(amoxicillin)
Delayed Amoxicillin (delayed urticaria) ND (treatments tolerated with

cefuroxime)
34 Urticaria 1 angioedema

(amoxicillin-clavulanic acid)
Accelerated Amoxicillin-clavulanic acid Amoxicillin-clavulanic acid

tablets
Urticaria 1 angioedema

(cephadroxil)
Accelerated Suspension (accelerated urticaria

and angioedema)
35 Angioedema (amoxicillin-

clavulanic acid)
Accelerated Amoxicillin-clavulanic acid and

cefpodoxime suspensions
(delayed angioedema)

Amoxicillin-clavulanic acid
tablets

Angioedema (cefixime) Accelerated
Angioedema (cefpodoxime) Accelerated

Other reactions

36 Unidentified rash (amoxicillin
suspension)

Accelerated Amoxicillin tablets (accelerated
morbilliform rash)

Cefixime

37 Unidentified rash (amoxicillin-
clavulanic acid)

Delayed Amoxicillin (accelerated
morbilliform rash)

ND (treatments tolerated with
cephalosporins)

38 Unidentified rash (amoxicillin) Accelerated Amoxicillin (delayed urticaria) Cefpodoxime
Unidentified rash (cefaclor) Accelerated

39 Unidentified rash (amoxicillin) Accelerated Amoxicillin (delayed urticaria
and angioedema)

Cefpodoxime

40 Unidentified rashes (amoxicillin-
clavulanic acid)

Accelerated Amoxicillin-clavulanic acid
(delayed urticaria)

Amoxicillin

41 Unidentified rash (cephadroxyl) Delayed Cefadroxyl suspension (delayed
morbilliform rash)

Cephadroxyl tablets

42 SSLR (amoxicillin-clavulanic acid) Delayed Cefixime (delayed urticaria) ND

ND indicates not done.
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also similar for children reporting one reaction only
and those reporting several reactions to b-lactams,
and there was no significant difference between the
children reporting reactions to other drugs and those
reporting reactions to b-lactams only.

Based on the type of clinical reaction in children
with positive skin or OC test results, skin tests led to
the diagnosis of HS to one or several b-lactams in 12
of 15 (80%) children reporting anaphylaxis (cases
1–12), in 10 of 16 (62.5%) children with urticaria and
angioedema (cases 13–22), and in 2 of 7 (28.6%) chil-
dren reporting unidentified rashes (cases 23–24). OC
led to the diagnosis of HS to b-lactams in 3 (20%;
cases 25–27), 6 (37.5%; cases 28–33), and 5 (71.4%;
cases 36–40) of the allergic children reporting ana-
phylaxis, urticaria and angioedema, and unidentified
rashes, respectively. The OC test result was also pos-
itive with a cephalosporin (cefixime) in 1 child re-
porting a severe SSLR to amoxicillin associated with
clavulanic acid (case 42). The differences between
children reporting anaphylaxis, urticaria, and angio-

edema, and those reporting other reactions were
highly significant (P , .001).

Positive immediate responses to skin tests were
recorded in 11 of 35 (31.4%) children reporting ana-
phylaxis (cases 1–11), 6 of 175 (3.4%) children with
mild to moderate urticaria or angioedema (cases
13–17 and 22), and 2 of 75 (2.7%) children reporting
unidentified rashes (cases 23–24). OC led to the di-
agnosis of immediate HS in 3 (8.6%) of the children
with anaphylactic reactions (cases 25–27). Thus,
based on skin and OC tests, immediate HS to b-lac-
tam antibiotics was diagnosed in 22 (56.4%) allergic
children, including 14 of 15 (93.3%), 6 of 16 (37.5%),
and 2 of 7 (28.6%) children with anaphylaxis, urti-
caria and angioedema, and other reactions, respec-
tively. The differences between children reporting
anaphylaxis and those reporting other reactions were
significant (P # .01).

Accelerated and delayed responses to skin tests
were recorded in 1 (2.8%) of the children with ana-
phylaxis (case 12) and in 4 (2.2%) of the children with

TABLE 4. Diagnosis of Allergy to b-Lactam Antibiotics in 68 Children, n (%)

Symptoms Diagnostic Method Total

Responses to
Skin Tests

Oral Challenge Clinical History

Severe anaphylaxis 12 (34.3%) 3 (8.6%) 15/35 (42.9%)
Urticaria and/or angioedema 10* (5.7%) 6 (3.4%) 16/175 (9.1%)
SSLR 1† 16 16/16
Toxidermias 14 14/14
Unidentified rashes 2 (2.7%) 5 (6.7%) 7/75 (9.4%)
Total 24/325 (7.4%) 15/325 (4.6%) 29/325 (8.9%) 68/325 (20.9%)

* Including 2 children with negative skin test results but accelerated urticaria after skin testing.
† One child diagnosed as allergic on the basis of clinical history (severe SSLR to amoxicillin 1 clavulanic acid) and with positive OC test
results with cefixime.

TABLE 5. Sensitization to b-Lactams Diagnosed by Skin Tests, OC, and Clinical History in 68 Children

Clinical Symptoms Penicillins or
Cephalosporins

Penicillins and
Cephalosporins

Clavulanic Acid Total

Anaphylaxis 10 4 1 15
Urticaria and angioedema 14 1 1 16
Other reactions 33 3* 1 37
Total 57 8 3 68

* Including 1 child diagnosed as allergic on the basis of clinical history (severe SSLR to amoxicillin and clavulanic acid) and with a positive
OC with cefixime.

TABLE 6. Case Histories of 8 Children With Negative Skin and OC Test Results With Betalactam Antibiotics

Case Personal Atopy Reactions: Nature and Chronology
(suspected drug)

Diagnosis

43 Yes, allergy to cow’s
milk and eggs

Accelerated urticaria (cefiximine) Probable coincident ingestion of eggs or cow’s
milk

Delayed urticaria 1 laryngeal edema
(amoxicillin)

44 Yes, allergy to cow’s milk Immediate shock (amoxicillin) associated with
clavulanic acid)

Coincident ingestion of cow’s milk (proven)

45 Yes, peanut allergy Accelerated urticaria 1 angioedema
(amoxicillin)

Coincident ingestion of peanut (proven)

46 Yes Delayed urticaria 1 angioedema (amoxicillin) Coincident ingestion of egg (proven)
47 Unknown before tests

with foods
Delayed laryngeal edema (amoxicillin) Leguminous allergy (positive skin tests and

OC)
48 Yes Accelerated urticaria and angioedema

(amoxicillin and cefatrizine)
Aspirin intolerance (proven by OC)

49 No Accelerated urticaria and angioedema
(amoxicillin)

Aspirin intolerance (proven by OC)

50 No Delayed urticaria and angioedema (cefadroxil) Aspirin intolerance (proven by OC)
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mild to moderate urticaria and angioedema (cases
18–21). OC led to the diagnosis of semi-late and
delayed HS in 6 (3.4%) of the children with mild to
moderate urticaria and angioedema (cases 28–33)
and 6 (6.6%) of the children with SSLR and uniden-
tified rashes (cases 36–40 and 42). Thus, based on
skin and OC tests, semi-late and delayed HS to b-
lactams was detected in 17 (43.6%) children allergic
to b-lactams, including 1 (6.7%), 10 (62.2%), and 6
(75%) of the children reporting anaphylaxis, urticaria
and angioedema, and other reactions, respectively.
The differences between children reporting anaphy-
laxis and those reporting other reactions were highly
significant (P , .001).

Of the 15 (26.7%) allergic children reporting ana-
phylaxis, 4 were sensitized to both penicillins and
cephalosporins, versus 4 of the 53 (7.5%) allergic
children who reported other reactions (P , .001)
(Table 5).

Based on the chronology of the clinical reactions in
children with positive skin or OC test results, skin
tests led to the diagnosis of HS to one or several
b-lactams in 8 of 9 (88.9%) children reporting imme-
diate reactions (cases 1–8), in 8 of 17 (47%) children
with accelerated reactions (cases 13–20), and in 8 of
12 (66.7%) children with delayed reactions (cases
9–12 and 21–24). OC test results were positive in 1
(11.1%; case 25), 9 (52.9%; cases 26–28, 31, 32, 36,
38–40) and 4 (33.3%; cases 29, 30, 33, 37) of the
allergic children reporting immediate, accelerated,
and delayed reactions, respectively. The differences
between children reporting immediate reactions and
those reporting accelerated and delayed reactions
were highly significant (P , .001).

Positive immediate responses to skin tests were
recorded in 8 of 36 (22.2%; cases 1–8), 5 of 128 (3.9%;
cases 13–17), and 6 of 161 (3.7%; cases 9–11 and
22–24) children reporting immediate, accelerated,
and delayed reactions, respectively. OC led to the
diagnosis of immediate HS in 1 (2.8%) of the children
with immediate reactions (case 25) and in 2 (1.6%) of
the children reporting accelerated reactions (cases
26–27). Thus, based on skin and OC test results,
immediate HS to b-lactams was diagnosed in 9 of 9
(100%), 7 of 17 (41.2%), and 6 of 13 (46.1%) allergic
children with immediate, accelerated, and delayed
reactions, respectively. The differences between chil-
dren who reported immediate reactions and those
who reported accelerated and delayed reactions
were significant (P # .01).

Accelerated and delayed responses in skin tests
were recorded in 3 (2.4%; cases 18–20) and 2 (1.2%;
cases 12 and 21) of the children reporting accelerated
and delayed reactions, respectively. OC led to the
diagnosis of semi-late and delayed HS in 7 (5.5%) of
the children with accelerated reactions (cases 28, 31,
32, 36, and 38–40) and 5 (3.1%) of the children with
delayed reactions (cases 29, 30, 33, 37, and 42). Thus,
based on skin and OC test results, semi-late and
delayed HS to b-lactams was detected in 0, 10
(58.8%), and 7 (53.8%) allergic children with imme-
diate, accelerated, and delayed reactions, respec-
tively. The difference between the children reporting
immediate reactions and those reporting accelerated

and delayed reactions was highly significant (P ,
.001).

Of the 9 allergic children reporting immediate re-
actions, 3 (33.3%) were sensitized to both penicillins
and cephalosporins, versus 5 of the 59 (8.5%) allergic
children who reported other reactions (P , .001).

DISCUSSION
In this article, we report the largest series of chil-

dren with suspected b-lactam allergy. Our results are
similar to those of Mendelson et al37 but conflict with
those of Pichichero et al,17 who reported positive skin
or OC test results in 23.5% of children. These differ-
ences in results probably stem from differences in the
selection of children.

b-lactam allergy may not have been diagnosed in
some children in our study. Previous results show
that #9% of children with negative skin and OC test
results relapse during subsequent treatment with the
suspected b-lactams.17,27,37 The allergic immune re-
sponse in some patients with negative skin test re-
sults is also boosted by OC or inadvertent contact
with b-lactams.17,38 However, preliminary results
from an ongoing prospective unpublished study
have shown that only a few children with negative
skin and OC test results relapse during subsequent
treatment with the suspected b-lactams.

Skin Tests
Skin tests were performed with soluble b-lactams

at concentrations #25 000 IU/mL for benzylpenicil-
lin and #25 mg/mL for other b-lactams. Some re-
ports have suggested that b-lactams at concentra-
tions .1 mg/mL are irritant.39 However, most
children in our study had negative skin test results,
including those with positive OC test results. Thus,
concentrations of 2.5 mg/mL and 25 mg/mL gave no
false-positive responses in the skin tests.

Only 0.6% of the children in our study reported
mild accelerated urticaria induced by skin tests, con-
sistent with previous studies showing that skin tests
with penicillin derivatives and soluble b-lactams are
well tolerated.27,28 However, anaphylactic reactions
have been reported in some adult patients7 but not in
children.

Immediate responses to skin tests were recorded in
5.9% of children, consistent with previous studies
showing a positive immediate response in skin tests
with penicillin derivatives and soluble b-lactams in
3% to 40% of patients.6,8,17,23,27,28,40,41 The frequency of
positive immediate responses in skin tests was sig-
nificantly higher in children reporting severe ana-
phylaxis and immediate reactions than in children
reporting other reactions, consistent with the results
of previous studies performed with adults7,8,13,42 and
children.27,28

Delayed responses in skin tests have been reported
in 0.6% to 17% of patients with suspected b-lactam
allergy, especially in patients with MPR and acceler-
ated or delayed urticaria or angioedema during
treatment with ampicillin or amoxicillin.19,21–26 In
these patients, immunohistological skin test studies
showed a typical delayed-type hypersensitivity
(DTH) reaction.43–45 We found positive accelerated
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and delayed responses in skin tests in 0.9% of chil-
dren, consistent with previous works suggesting that
DTH reactions to b-lactams are rare.21

Discordance Between Skin and OC Tests
OC allowed the diagnosis of b-lactam allergy in

4.6% of the children in our study. Our results are
consistent with previous studies showing that #17%
of patients with negative skin test results have pos-
itive OC test results.17,27,28,41 There may be several
reasons for differences in skin and OC test results.

First, we did not perform skin tests with PPL and
MDM. Previous studies have shown that most pa-
tients who have positive skin test results with PPL
and/or MDM also have immediate responses in skin
tests with soluble penicillins and that a few allergic
patients have immediate responses to PPL and/or
MDM only,11,13 especially children.17,23 Only 2 chil-
dren with negative skin test results and immediate
responses in OC with amoxicillin (cases 25 and 26)
could have been diagnosed as having immediate HS
to penicillins by skin tests with PPL and MDM. Our
results are very similar to those of Pichichero and
Pichichero,17 who diagnosed immediate HS to b-
lactams based on OC in 8.6% of allergic children
skin-tested with PPL, MDM, and soluble b-lactams.

Second, patch tests were not performed, because
most patients with positive patch tests also have
delayed responses in ID tests, and ID tests identify
DTH to b-lactams in more patients than do patch
tests.22,24 Thus, very few of the children with negative
skin test results and positive OC test results could
have been diagnosed as allergic by patch tests.

Third, the interval between the most recent reac-
tion and skin testing may be long. In most studies,
the frequency of positive immediate responses in
skin tests decreases as this interval increases with a
negativation rate of 10% to 15% per year.21,46–48 How-
ever, we found that the frequency of positive skin
test results was similar for children tested within 1
year of their most recent reaction and children tested
later, consistent with previous studies in children,
showing no significant time-dependent decrease in
the frequency of positive skin test results.17,37

Fourth, negative skin test results with positive OC
test results may result from antigenic differences in
the reagents used for skin tests and the drugs respon-
sible for the reaction. This may account for negative
skin test results in patients reacting to oral b-lactams
with no corresponding soluble form, such as cefaclor,
cefatrizine, and cefixime, as reported herein for some
children. This notion is supported by recent results
showing in vitro reactivity with cefaclor in children
with severe allergy to this b-lactam, but negative in
vitro and OC test results with a very closely related
b-lactam.49

Fifth, accelerated and delayed reactions may be
attributable to an allergy to metabolites of b-lactams
rather than to the native drugs themselves, as shown
with SSLR to cefaclor and sulfonamide-induced or
anticonvulsive drug-induced toxidermias.50–52 This
may explain why most children with negative skin
test results and positive OC test results reported
accelerated or delayed urticaria, angioedema, and

unidentified rashes in response to treatment with
b-lactams.

Sixth, negative skin test results with positive OC
test results also may result from allergy or intoler-
ance to substances not used in skin tests such as
clavulanic acid and excipients. In 3 children, allergy
to clavulanic acid was suggested strongly by positive
OC test results with amoxicillin associated with cla-
vulanic acid and negative OC test results with
amoxicillin alone. In 3 other children, we diagnosed
intolerance to excipients, although the parents did
not agree to double-blind, placebo-controlled OC.
These children reacted with pediatric suspensions of
the suspected b-lactams but tolerated OC with tab-
lets or capsules of the same b-lactams. They also
reported reactions to other drugs containing the
same excipients and tolerated these drugs if the sus-
pected excipients were absent. Previous reports have
shown that few patients have immediate53 or delayed
HS20 to clavulanic acid and that some patients who
report reactions to b-lactams are actually intolerant
to excipients rather than to b-lactams.27,28

Etiology in Children With Negative Test Results
Skin and OC test results were negative in most

children in this study, suggesting that most of the
reactions reported were not attributable to immedi-
ate, semi-late, and tuberculin-type DTH to b-lactam
antibiotics.

SSLR and potentially harmful types of toxidermia
may result from lymphocyte-mediated cytotoxicity
rather than from tuberculin-type DTH.50,54–57 Lym-
phocyte-mediated cytotoxicity cannot be assessed by
ID or patch tests. Thus, our results are consistent
with those reporting negative responses in ID and
patch tests in children with bullous or pustular erup-
tions caused by b-lactams.22,58 We did not perform
OC with the suspected b-lactams in children report-
ing SSLR and potentially harmful types of toxider-
mia to avoid triggering a severe reaction. All the
children reporting severe SSLR, EM, SJS, GEP, or
erythroderma were considered to be allergic to the
suspected b-lactams. However, negative skin and
OC test results with b-lactams have been reported
for 10 children with mild to moderately severe SSLR
and EM.17 Thus, a significant number of cases of
SSLR and potentially harmful types of toxidermia in
our study may result from infectious diseases rather
than from allergy to b-lactam antibiotics (see below).

Most of the reactions reported probably were
caused by infectious diseases. Acute urticaria and
angioedema are caused primarily by infections (es-
pecially benign viral illnesses) independent of treat-
ment.59 Various infectious agents, such as mycoplas-
mas and viruses, cause urticaria morbilliform and
unidentified rashes in children,60 and MPR, SJS, and
toxic epidermal necrolysis may result from the de-
struction of infected epidermal cells by cytotoxic T
lymphocytes.61 Skin reactions also may result from
interactions between infectious agents and antibiot-
ics, as described in Epstein–Barr virus, influenza vi-
rus, and human immunodeficiency virus infec-
tions.62,63 Subjects generally tolerate subsequent
exposure to the drugs concerned,64 consistent with
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our observations that OC test results were seldom
positive in children with negative skin test results.

Potential Risk Factors for b-lactam Allergy
The frequency of positive skin and OC tests was

significantly higher in children reporting anaphy-
laxis and immediate reactions, consistent with pre-
vious reports showing that severe immediate and
accelerated reactions are often attributable to immu-
noglobulin E-dependent HS to b-lactams.7

A total of 20.5% of children with positive re-
sponses in skin tests or OC were sensitized to several
b-lactams from various classes. This crossreactivity
between the various classes of b-lactam antibiotics
was first suspected from clinical histories and skin
tests10,46,65–67 and then confirmed by immunologic
studies performed in vitro.66,68 The frequency of pos-
itive skin or OC test results to penicillins and ceph-
alosporins was significantly higher in children with
b-lactam-induced anaphylaxis than in allergic chil-
dren reporting other reactions, suggesting that ana-
phylaxis is a major risk factor for sensitization to
crossreactive allergenic determinants of b-lactam an-
tibiotics.

Atopy may be a risk factor for b-lactam allergy
(particularly for anaphylaxis) in adults5,69,70 and chil-
dren.28 However, responses to skin and OC tests
were similar for children with and without a per-
sonal history of atopy in our study, as previously
reported in adults1,70,71 and children.17,27 Our results
are also consistent with previous reports showing
that age and sex are not significant risk factors for
allergy to b-lactams in children.17,27

The frequency of positive skin and OC test results
was slightly higher in children with several reactions
to b-lactam antibiotics than in those children with
only one reaction, but this difference was not signif-
icant. Therefore, the number of reactions associated
with b-lactam treatments is probably not a risk factor
for b-lactam allergy, consistent with the results of
Pichichero and Pichichero,17 who found no difference
in the frequency of previous b-lactam treatments in
skin test-positive versus skin test-negative children.

Nearly half the children reported reactions to other
drugs, a higher proportion than in other studies.72–74

Of the children, 3 were probably intolerant to excipi-
ents, and 5 were allergic to foods. Our results agree
with those of previous studies suggesting that recur-
rent reactions to several drugs may be attributable
to intolerance to excipients, coincident allergy, or
pseudo-allergy to foods.27 Finally, the frequency of
positive skin and OC test results with b-lactams was
similar for children reporting reactions to unrelated
drugs and children reacting to b-lactams only. This is
consistent with previous results suggesting that pen-
icillin allergy and non-b-lactam allergy develop in-
dependently.73

CONCLUSION
We have shown that only a few of the children

reporting reactions suggestive of allergy to b-lactams
were really allergic to these antibiotics. We also
showed that skin tests with b-lactam antibiotics are
safe and have a high diagnostic value in children

who report reactions suggestive of immediate HS,
especially those with anaphylactic reactions. Ana-
phylaxis was a major risk factor for sensitization to
crossreactive antigenic determinants of various
classes of b-lactams. Accelerated and delayed re-
sponses in skin tests were seldom positive, and most
children with nonimmediate HS to b-lactams were
diagnosed using OC tests. Finally, most of the reac-
tions reported by children were probably attribut-
able to infectious diseases or to interactions between
drugs and infectious agents rather than to HS to
b-lactams.
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