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Background: Maculopapular and urticarial rashes are nonim-
mediate manifestations common during aminopenicillin (AP)
treatment, and the former often represent cell-mediated hyper-
sensitivity.

Objectives: We sought to determine the significance and inci-
dence of skin test reactions to APs in adults reporting adverse
reactions during therapy with thesep-lactams and, particular-
ly, to evaluate the potential of patch tests, delayed-reading skin
tests, and challenges in the diagnosis of nonimmediate reac-
tions.

Methods: We used skin tests with penicilloylpolylysine, minor
determinant mixture, benzylpenicillin, ampicillin, and amoxi-
cillin, as well as patch tests with the last 3 drugs. We also per-
formed in vitro assays for specific IgE and challenges with the
suspect penicillin in subjects with nonimmediate reactions.
Results: Among the 144 patients reporting nonimmediate man-
ifestations (mostly maculopapular rashes), delayed hypersensi-
tivity was diagnosed in 62 on the basis of positive patch test
and/or delayed intradermal test results and responses to chal-
lenges; negative reactions to challenges allowed us to reason-
ably exclude the possibility of allergy in 66 subjects, and the
challenge confirmed that 1 patient had linear IgA bullous der-
matosis. Definitive diagnoses could not be provided for the
remaining 15 subjects, who had negative allergologic test
results, because they did not consent to challenges. In 40 of 49
immediate reactors, a diagnosis of IgE-mediated hypersensitiv-
ity was made.

Conclusions: Both patch and intradermal tests are useful in
evaluating nonimmediate reactions to APs. Positive patch test
and delayed intradermal responses together indicate delayed
hypersensitivity. Intradermal testing appears to be more sensi-
tive than patch testing, but the pattern of positive delayed
intradermal test responses and negative patch test responses
needs further investigation because of false-positive cases. (J
Allergy Clin Immunol 1999;103:1186-90.)
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Abbreviations used
AM:  Ampicillin
AP: Aminopenicillin
AX: Amoxicillin
BC: Bacampicillin
BP: Benzylpenicillin
MDM: Minor determinant mixture
PPL: Penicilloylpolylysine

or delayed according to the time interval between drug
administration and onsétimmediate reactions occur
within the first hour after drug administration and are
manifested clinically by urticaria and/or angioedema,
rhinitis, wheezing, hypotension, or shotkAccelerated
reactions occur 1 to 72 hours after drug administration,
and delayed reactions take more than 72 hours to appear.
This terminology may be simplified by defining all reac-
tions occurring more than 1 hour after drug administra-
tion as nonimmediate. The main nonimmediate reactions
are maculopapular rash, urticaria/angioedema, wheezing,
interstitial nephritis, and serum sicknéss.

Immediate reactions involving IgE antibodies have
been extensively studied, but until the mid-1980s, the
mechanisms involved in nonimmediate reactions were
not fully understood. Like late-onset urticarial eruptions,
maculopapular rashes, which usually appear 2 days or
more after therapy begins and are not associated with IgE
antibodies, were thought to be delayed idiopathic drug
reactions:3 Over the last decade, however, several inves-
tigators have come to the conclusion that these rashes
often represent type-1V (cell-mediated) hypersensitivity,
which is associated with positive patch test and/or
delayed (ie, >6 hours after administration) intradermal
test responsesioin some cases biopsies have been per-
formed on tested skin; histologic features similar to those

Penicillins have been associated with various types oof allergic contact dermatitis have been foardd?and
allergic reactions classifiable as immediate, acceleratecchallenges with the suspect drug have provoked delayed-
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onset skin rashes8.8.9

A few years ago, our group showed that over 50% of
the patients who had experienced maculopapular reac-
tions during aminopenicillin (AP) treatment had delayed
hypersensitivity to the culprit drug.Although the per-
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the same kind of hypersensitivity in childrehwe also
demonstrated that delayed hypersensitivity to APs is
related to MHC genes

Hertl et al4 isolated CD8 T-cell clones from the
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peripheral blood of patients with maculopapular erup-volved skin on the interscapular region of the patient's back by
tions caused by delayed hypersensitivity tB-lactam  using acrylate adhesive strips with small plates attached for test
(eg, ampicillin [AM] or benzylpenicillin [BP]}4 They allergens (Cur‘atest-, Lohmann GmbH and (_:o KG, Neuwied, Ger-
also showed that CBST cells predominated in lesional many). Occ|u5|on_t|r_ne was 48 hours_. Readings were made, as rec-
skin from patients wittB-lactam—induced bullous reac- °mmended by Wilkinson et &,15 minutes after removal of the
tions15 Delayed cellular hypersensitivity in amoxicillin strips and 24 hours later. Control patch tests in 30 heqlthy subjects
. - . L who had previously tolerated 1 or more of these penicillins were

(AX)-induced morbilliform rashes is also indicated by also performed.
immunohistologic results in biopsy specimens regarding
positive patch test or delayed intradermal test responseRASTs
as well as in the initial biopsy specimens of the radhes. | vitro assays for antigen-specific IgE to penicilloyl G, penicil-

In many other cases of AP-associated maculopapulaioyl V, AM, and AX were performed by using the Phadebas RAST
rashes, there was no evidence of immune-mediate(Pharmacia, Uppsala, Sweden).
mechanisms of any type, and challenges with the suspe:
APs were well tole¥a¥£€ﬁ ’ P“Challenges

This study was conducted to determine the signifi- Subjects with nonimmediate reactions who had negative
cance and incidence of skin test reactions to APs in adultésponses to all of the above tests or displayed positive delayed
reporting adverse reactions during therapy with tiese '””atdem?a'hte“m res'oon,fﬁsthand ”egatt've p.at.ﬁ.h t?::v'r‘;:porﬁeﬁ under-

N - went oral challenges with the suspect penicillin mplital] or

lactams and, particularly, to evaluate the contribution to AX [Velamox]). We administered an initial dose of 5 mg. In sub-

the diagnosis of delayed-reading skin tests, patch tesnjects with negative results, 1 week later we administered 50 mg and,

and challenges in a group with histories of nonimmediaté¢ e result was again negative, 500 mg was added after another

cutaneous eruptions. week. Informed consent was obtained from all subjects, who were
admitted to a day hospital for 24 hours for administration of the
METHODS challenge.

As explained in greater detail at the end of the Discussion sec-
tion, on the basis of the results of our previous stddieswve
believed it was unjustified to perform challenges that could cause
suffering in patients with positive patch test and delayed intrader-
Prick and intradermal skin tests mal test responses to the suspect drug.

Prick and intradermal tests were performed with the following Statistical analysis
agents. Penicilloylpolylysine (PPL) (Allergopen, Reinbeck, Ger-
many) undiluted solution was obtained by reconstituting the
lyophilized contents of a vial containing 0.175 mg PPL plus 20 mg
mannitol in 5 mL of buffer. A 1:10 dilution of this solution in 0.9%
NaCl was initially used. When results were negative, testing was

repeated with the undiluted solution. Minor determinant mixture .
(MDM) (Allergopen), containing 0.6 mg BP and 0.5 mg ben- Ve examined a total of 193 adults (142 women and 51

zylpenicilloate per milliliter initially diluted 1:10,000 in 0.9% NaCl, Men), ranging in age from 13 to 74 years (mean age,
was also used. Tests were repeated with a 1:10 dilution when initiz39.90 * 16.94 years), with histories of adverse reactions
results were negative. Another agent used was BP (Pharmacito APs. Our work-up was performed 50.14 + 79.53
Milan, Italy) diluted in 0.9% NaCl and administered at increasing months (range, 1 to 540 months) after the most recent
concentrations ranging from 0.1 IU/mL to 10,000 IU/mL. Finally, drug administration.
AM (Amplital, Pharmacia) and AX (Velamox, SmithKline AX was the causative AP in 86 patients, followed by
Beecham, Mian) were used, both at concentrations of L malmL anan in 48 and bacampicillin (BC) in 34. Twenty-five sub-
tested o volar forearn skin by usin the prick techrique. ReactioniCt hd distingt reactions to difierent APs in separate
were considered positive when a wheal greater than 3 mm in diamer)lsom':‘S (15to AM/A,X’ 5 to AX/BC, 4 to AM/BC, an,d
eter was present 15 to 20 minutes after testing. When negativl tlo AX/AM/BC)" F.)at'ems had a .total of 23_5 reactive
results were observed, 0.02 mL of the hapten solution was injecte€Pis0des. The clinical manifestations described by the
intradermally on volar forearm skin, and readings were made at 2Subjects are listed in Tables | and Il. The most frequent
minutes and 48 hours. Results were considered positive whewere maculopapular rashes (111 subjects), followed by
wheals greater than 5 mm were present. Positive controls for priclurticaria and urticaria-angioedema. One patient had lin-
and intradermal tests were performed with histamine (10 mg/mLear IgA bullous dermatosis, a subepidermal blistering
and 1 mg/mL, respectively); normal saline was used as a negativgisease characterized by linear deposition of IgA along
contrql. Control intradermal tgsts with AM and'AX were also the basement membrane zone, which can be provoked by
adml_nlstered to 30 healthy subJe_ct_s Whp had previously been treamany different drugs, even in the same patlémwen-
ed with 1 or more of these penicillins without any adverse effects. . . . . .
ty-nine patients experienced anaphylactic shock, includ-

Patch tests ing urticaria, angioedema, or both. All anaphylactic reac-

Patch tests were administered to all subjects who had experitlons were 'mme.d'ate’ Where{is all macqlopapulqr rashes
enced nonimmediate reactions with BP (5000 IU/g petroleum jelly), were nonimmediate. If a patient had different kinds of
AM (5% in petroleum jelly), and AX (5% in petroleum jelly) immediate reactions in separate episodes, he or she was
(F.ILR.M.A., Florence, ltaly). All reagents were applied to unin- classified as being in the most severe category. All

We studied all the adults seen by our staff between January 199
and December 1997 who had histories of adverse reactions to AP
All of the subjects underwent several immunoallergologic tests.

The differences between means were evaluated by Student’s
test for unpaired data.

RESULTS
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TABLE I. Immediate manifestations and results of aller- TABLE lll. Patterns of skin test reactivity in 37 of 40
gologic evaluation patients with immediate hypersensitivity to APs
No. of No. of
No. of No. of patients PPL MDM BP AM AX patients
Symptoms patients episodes with IH
- - - + + 6
Anaphylactic shock 29 32 25 _ _ _ + _ 2
Urticaria/angioedema 11 14 9 _ _ _ + 1
Urticaria 7 8 5 + _ _ _ _ 2
Angioedema 2 2 1 _ _ + _ _ 2
Total 49 56 40 + + + _ _ 1
IH, Immediate hypersensitivity diagnosed on the basis of positive skin test - : : : : 11
and/or RAST results. -
+ + + + + 3
- + + + 2
TABLE Il. Nonimmediate manifestations and results of _ _ + + _ 2
allergologic evaluation + + + + _ 1
No. of - + - + + 1
No. of No. of patients + — + + - 1
Symptoms patients episodes with DH + - - + + 1
Maculopapular rash 111 146 61
:rtltcharla 1?3 12 _l TABLE IV. Patterns of skin test and patch test reactivity
rythema . . . N
S ) in 62 patients with delayed hypersensitivity to APs
Urticaria/angioedema 5 5 — b Y P 4
Angioedema 5 5 _ dInltrad;rmal test Patch test
Anaphylactoid purpura 2 2 — elayed response response No. of
Linear IgA bullous 1 1 — MDM BP AM AX BP AM AX  patients
dermatosis . + + N 42
Total 144 179 62 B B R
— + + + + + + 8
DH, Delayed hypersensitivity diagnosed on the basis of positive patch test ~ — + + + - + + 5
and/or delayed intradermal test responses and oral challenge responses. + + + + + + + 3
- + + - - 3
- + + + - - - T

patiems reporting maCU|0papU|ar rashes were ClaSSiﬁe’Two subjects with oral challenge confirmation and 1 unchallenged subject

as being in the maculopapular category whether or ncbecause of ulcerative rectocolitis.

they also presented angioedema, skin scaling, or both. fUnchallenged because of slight maculopapular rash 12 hours after intracu-
Skin tests and/or RASTSs indicated that 40 of the 4gtaneous tests.

(81.63%) subjects with immediate manifestations hac

experienced type-l hypersensitivity reactions (Table I).

Of the 37 subjects with positive skin test responses, from 9 to 60 mm, with more than 70% exceeding 20 mm,

reacted only to APs and 6 only to penicillin determinantswhereas at an AP concentration of 1 mg/mL diameters

whereas the others reacted to both (Table IIl). Theranged from 6 to 26 mm, with more than 50% exceeding

remaining 3 had positive RAST results and negative skitlO mm. All of the patients with delayed reactions to

test responses. intradermal skin tests reacted to both the 1-mg and 20-
Among subjects who had experienced nonimmediatimg concentrations.

cutaneous manifestations, none was given a diagnosis = Positive patch test responses were as follows:

an IgE-mediated hypersensitivity reaction. AM*/AX* in 37 subjects (BPin 3); AM*H/AX**in 15
Fifty-eight subjects had positive patch test and delaye(BP* in 4 and BP*in 3); AM**H/AX*+*+in 2 (BP*in 1);

intradermal test responses to AM and AX, which, on theAM*/AX**+in 3; and AM*/AX*in 1.

basis of our previous studigsi3was considered indica- Of the 79 patients who had experienced nonimmediate

tive of delayed hypersensitivity. reactions (49 with maculopapular rashes and 30 with
Positive patch test and delayed intradermal tesnonmaculopapular manifestations) and had negative

responses to AM and AX constituted the main pattern oresults on allergologic testing (both immediate and

reactivity, followed by positive patch test and delayeddelayed-type skin tests and RASTS), 64 agreed to submit

intradermal test responses to BP, AM, and AX (Tableto challenges with the suspect penicillin (AX in 40 and

IV). The 5 subjects with positive delayed intradermal tesiAM in 24). None of the 42 patients with maculopapular

responses to BP, AM, and AX and positive patch tesrashes reacted to the suspect drug, whereas in the group

responses only to AM and AX reacted to the highest conof 22 subjects with nonmaculopapular manifestations,

centration of BP. The maximum diameters of positivethe only subjects who reacted (to AX) had linear IgA bul-

delayed intradermal test responses (indurated erythemlous dermatosis.

tous lesions) at an AP concentration of 20 mg/mL ranger Of the 4 patients who had maculopapular eruptions
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during AP therapy and who had positive delayed intra(22.5%) with immediate hypersensitivity had positive
dermal test responses and negative patch test responsskin test responses for APs alone (Table Ill). In any case,
1 tolerated the suspect AP, 1 reacted to the challenge, aiin diagnosing immediate reactions to APs, one should
the other 2 were not challenged because of ulcerative reuse these drugs for testing.
tocolitis and a slight maculopapular rash that appeare Positive patch test responses in the evaluation of non-
12 hours after intracutaneous tests, respectively. The laimmediate reactions have a diagnostic value similar to
3 subjects were considered as having had delayed hypethat of the tuberculin-like reactions appearing 12 to 24
sensitivity reactions, the one with ulcerative rectocolitishours after intradermal injections of APs.
because she had experienced 2 distinct reactions to Al Intradermal testing appears to be more sensitive than
and AX in separate episodes that had persisted for abopatch testing because there are subjects with delayed
2 weeks after the antibiotic had been withdrawn ancreactions who have negative patch test responses and
steroid treatment started. positive delayed intradermal test responses. The reasons
All 3 patients with AP-induced nonmaculopapular for this phenomenon are not clear, but it may be con-
eruptions who had positive delayed intradermal tesnected with the fact that the haptens are processed in dif-
responses and negative patch test responses received cerent parts of the skin. In any case this pattern of skin
challenges. Of the 2 subjects who had erythematous rasreactivity needs further investigation because of the exis-
es, one reacted positively 5 hours after AX administratiortence of false-positive cases. RASTs did not prove to be
(5 mg), with the same eruption as before, and the otheuseful in evaluating nonimmediate reactions because no
tolerated AM. The third subject, who had recurrentpositive results were found among patients reporting
urticaria and had experienced an urticarial rash on thsuch reactions.
third day of AX therapy, did not react to the challenge; Both this study and previous studies we carried out on
laboratory tests detected 760 IU/mL of antibodies againsadultsi! as well as childre®? indicate that delayed
the hepatitis B surface antigen (HBsAg). Overall, wehypersensitivity to APs is a long-lasting condition that
found 62 patients with delayed hypersensitivity to APs. does not appear to be influenced by the time interval
The mean time of rash resolution was longer in thebetween the last adverse reaction and allergologic test-
delayed hypersensitivity group (14.05 + 9.94 days) tharing. Therefore it is unlikely that subjects who had expe-
in the group with negative results in allergologic evalua-rienced delayed hypersensitivity reactions and had nega-
tions, including challenges (5.43 + 3.56 days). This dif-tive allergologic results would have lost their hypersensi-
ference is statistically significartt£ 5.829;P <.001). In tivity. Although more extensive and detailed studies
addition, the percentage of patients who experiencewould be useful, negative results in patch and intrader-
more than 1 episode was higher in the group with cellmal tests with an appropriate panel appear to be a fairly
mediated hypersensitivity than in the group with negativereliable indicator that the cutaneous eruptions are not
results in allergologic work-ups (44.26% vs 8%). Theallergic reactions to APs but rather manifestations of the
former also displayed angioedema, skin scaling, or botlinfectious disease. In addition to those associated with
more frequently (57.60% of 92 episodes vs 14.81% of 54¢he classic childhood exanthems, a number of other
episodes). viruses that provoke nonspecific upper respiratory tract
The mean time interval between the most recent reacsymptoms can produce morbilliform rast?8sThese
tion and our tests was significantly longer(-2.774;P cutaneous eruptions may also result from interaction
< .01) in the delayed-type (71.81 + 104 months) than irbetween viruses and antibiotics, as in infectious mononu-
the IgE-mediated type responses (24.0 + 39.01 monthscleosis?!
In this study all 42 subjects who reported the eruption
DISCUSSION of exanthems during AP therapy and had negative results
to allergologic tests responded negatively to challenges
Our study indicates that patch tests and delayed-reawith the suspect antibiotic, confirming the indication of
ing intradermal tests are necessary tools in evaluatinour previous studies that negative results in allergologic
nonimmediate reactions to APs, particularly morbilli- tests seem to exclude the allergic nature of maculopapu-
form rashes. In effect, of the 119 subjects with erythelar rashed!.12
matous or maculopapular rashes, 62 displayed delaye All patients with nonimmediate urticarial and/or
hypersensitivity (Table II), and 45 of the latter (72.6%) angioedematous reactions who had negative skin test and
reacted only to AM and AX (Table 1V). Therefore in RAST results and agreed to undergo challenges tolerated
patients reporting nonimmediate reactions to APs it isthe suspect penicillin.
important to perform skin tests with the@dactams in Drug-associated urticaria is usually interpreted as a
addition to penicillin determinants (PPL, BP, and MDM). manifestation of allergy, but during acute febrile illness it
Other researchers have reported similar results in stumay be caused by the infectious organism itself (eg,
ies of patients with nonimmediate reactions to AR  EBV, several Coxsackie viruses, Echovirus 11, mumps
confirming the importance of side-chain determinants invirus, hepatitis B virus, anilycoplasma pneumoni-
such patients, as demonstrated by Voorhost and Spaag).20.22
reboom!® The amino side-chain seems less important ir ~ Although the results of our study seem to exclude such
IgE-mediated reactions: only 9 of our 40 subjectsa possibility, nonimmediate urticarial and/or angioede-
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matous manifestations occurring less than 3 hours afte 6.
drug administration might be IgE mediated. Therefore
negative skin test results in patients with such manifeste ’
tions should be interpreted in light of the time that has
elapsed since their last exposure to the drug. In fact, thei s.
are indications that in cases of IgE-mediated allergy, skir
tests are more likely to be positive the less time ha:
elapsed since the clinical reacti&6In a study of 42
children with IgE-mediated hypersensitivity to peni-

cillins, Chandra et &% reported that skin test responses 10.

became negative in one third of those who had positiv
reactions a year earlier.

In this study 9 of the 33 subjects (27.27%) who hacyq

experienced nonmaculopapular nonimmediate reaction
were tested more than a year after their most recent rea
tion and had negative skin test and RAST results, whicl
was confirmed in the 6 who agreed to undergo chal

lenges. In any case, it is advisable to retest such patienis.

after 4 weeks or more, as in the study by Mendelson ¢
al,27 to exclude a possible resensitization after loss o
sensitivity, particularly in those who reacted less than < ,
hours after drug administration.

Our testing protocol allowed us to clarify the nature of

the nonimmediate manifestations experienced by 1245.

(89.58%) of the 144 patients studied. Delayed hyperser
sitivity was confirmed in 43.05% (62 of 144), whereas in
45.83% (66 of 144) negative reactions to challenge:

allowed us to reasonably exclude the possibility of aller-17.

gy; 1 patient had linear IgA bullous dermatosis, which
was confirmed by challenge. Definitive diagnoses coulc
not be provided for the remaining 10.42% (15 of 144)
who had negative allergologic test results because the
did not consent to undergo challenges.

In conclusion, penicillin-associated nonimmediate
skin rashes are very common in adults. Our diagnosti
protocol can be helpful in clarifying the nature of many

of these reactions. A large percentage of AP-induceel.

maculopapular rashes involves a delayed hypersensitiv

ty mechanism, which is indicated by both positive patchzz‘
test and delayed intradermal test responses. This patteys

of positivity does not need to be supported by challenge
because in our previous studies3.28all such patients
reacted, often severely, when provoked with the culpri
drug.

25.
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