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Background: Concerns for sensitization after penicillin skin testing are a factor in limiting the timing and population for
whom this testing is offered. The sensitizing potentia of the penicillin skin test has never been studied directly.

Methods: A total of 329 volunteers underwent prick and intradermal skin testing with penicillin G, benzylpenicilloyl-
polylysine, and a minor determinant mixture. Those with negative skin testing had repeat testing 4 weeks later. Medical history
and antibiotic use were determined by interview, questionnaire, and electronic pharmacy records.

Results: Seventy-two of the 329 subjects (22%) reported a history of previous B-lactam reaction, of which 10 (14%) had a
positive initial skin test. Overall, the initial skin test was positive in 23 of 329 (7%). Of the subjects with a negative initial skin
test, 239 completed the second test 4 weeks later. Of these, 6 subjects (2.5%, 95% confidence interval 0.5% to 4.5%) converted
to apositive skin test. None had taken a B-lactam antibiotic between the two tests, and none had any previous history of B-lactam
reaction. One subject reported having never taken a B-lactam antibiotic before. In comparison to the 233 subjects who did not
convert their skin test, the statistically significant factors favoring sensitization were; female sex (oddsratio [OR] 6.53, P = 0.05),
atopy (OR 5.31, P = 0.04), and history of food allergy (OR 6.35, P = 0.02). There was a trend toward more recent penicillin

use in the newly sensitized subjects, but this was not statistically significant.
Conclusion: Penicillin skin testing may sensitize a small number of individuals to penicillin.

INTRODUCTION

Despite advances in antimicrobia therapy, p-lactam antibi-
otics remain an important element in the treatment of infec-
tious diseases. The prevalence of self-reported penicillin al-
lergy ranges from 1 to 10% in the general population,
although only 10 to 30% of these patients demonstrate serum-
specific immunoglobulin E with skin testing.t Penicillin skin
testing has been found to have an excellent negative predic-
tive value, and >98% of patients with positive histories of
penicillin alergy and negative skin test results can tolerate
penicillin without difficulty.? There is controversy, however,
regarding the length of time that a penicillin skin test remains
valid, with recommendations ranging from 72 hours to no
time limit.>> Survey data of practicing allergists and alergy
program directors have similarly revealed a wide range of
opinion, as reported by Wickern et al®; approximately 1in 3
responders felt that skin test results were only valid if peni-
cillin was immediately administered, 1 in 3 believed the

Wilford Hall Medical Center, San Antonio, Texas.

No grant support was obtained for this manuscript and the authors have no
pharmaceutical industry affiliations.

The opinions and assertions contained herein are the private views of the
authors and are not to be construed as reflecting the views of the Department
of the Air Force, the Department of Defense, or the United States Govern-
ment.

Data from this study were accepted for oral presentation as a 10-minute slide
show at the 2002 National ACAAI meeting in San Antonio, Texas (Novem-
ber 18, 2002), and also selected for the 2002 Clemens von Pirquet Auxiliary
Memorial Award.

Received for publication October 12, 2002.

Accepted for publication in revised form November 20, 2002.

Ann Allergy Asthma Immunol 2003;90:398—-403.

results were good indefinitely, and the remaining one-third
gave answers ranging from 24 hours to 1 year.®

Concern that penicillin skin testing is valid for only a brief
period stems from rare anecdotal cases and theoretical con-
cerns. In one study* of penicillin skin testing in 740 patients,
a patient with a positive history and negative skin tests
subsequently had an acute urticarial reaction to penicillin 6
months after the skin testing without intervening antibiotic.
Speculation as to the mechanism of penicillin immunoglob-
ulin E sensitization in this patient included ingestion of an
unknown dose of penicillin, sensitization from the skin test
itself, or sensitization from environmental exposures. Studies
have shown the presence of small amounts of penicillin in
milk,”® meat,® and possibly even soft drinks,*® although many
authors question the significance of these environmental ex-
posures.t* Therapeutic courses of penicillin given after neg-
ative skin testing have been reported to induce resensitization
at arate between 0 and 16%.51%1 The potential contribution
of sensitization by the skin testing procedure itself has not
been investigated, although some authors cite this potential in
recommendations limiting the duration of time for which a
negative result isvalid.® The purpose of the present study was
to evaluate the incidence of sensitization after penicillin skin
testing alone and to identify any predisposing factors predic-
tive of skin test conversion.

METHODS

Three hundred twenty-nine volunteer subjects over 18 years
of age who were not pregnant or taking systemic steroids,
antihistamines, or B-blockers were enrolled in the study,
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included: older age (P < 0.003), asthma (P < 0.01), female
sex (P < 0.01), food allergy (P < 0.04), and alergic rhinitis
(P < 0.05). Other differences between the history-positive
and history-negative groups were not statisticaly significant
(Table 1). Among the 72 subjects with a reported previous
B-lactam reaction, there were a total of 75 reactions. 70
reactions to either penicillin, ampicillin, or amoxicillin, and 5
reactions to a cephalosporin (67 subjects reported a reaction
to a penicillin aone, 2 reported reactions only to a cephalo-
sporin, and 3 reported reactions to both penicillin and a
cephal osporin). The characteristics of these reactions are re-
ported in Table 2. Of the 70 penicillin reactions, 57% could
not recall the exact drug, 17% reported penicillin G as the
causative agent, 16% amoxicillin, and 10% ampicillin. Of the
5 cephalosporin reactions, cephalexin was implicated in 2,
cefaclor in 2, and cefuroxime in 1.

Prevalence of Positive Initial Skin Testing in the

Sudy Group

Twenty-three of 329 subjects (7%) had a positive initial skin
test. Of these, 10 of 23 (43%) had a history of previous
reaction to a B-lactam antibiotic, and 13 of 23 (57%) did not.
Compared with the 306 subjects with a negative initial skin
test, the statistically significant factors favoring a positive
initial skin test included: asthma (P < 0.0001), female sex
(P < 0.01), and atopy (P < 0.05). Trends in the other factors
were not statistically significant. One subject with a history of
a reaction to penicillin G (38 years ago) had anaphylaxis
during initial ID skin testing. The 23 subjects with positive
initial skin testing had a total of 31 positive cutaneous reac-
tions: 15 to Prepen, 12 to penicillin G, and 4 to MDM. One
of 23 (4%) was positive only to MDM. Nine of 23 subjects
(39%) were positive with skin prick testing alone, with the
remaining 14 (61%) positive only on ID testing.

Rate of Sensitization

Of the 329 subjects initially enrolled, 23 were excluded from
subsequent sensitization analysis because of a positive initial
skin test. An additional 67 subjectswith anegativeinitial skin
test did not complete the second skin test, leaving 239 sub-

jects (49 of which had a history of previous reaction to a
B-lactam antibiotic) for the analysis of the rate of sensitiza-
tion between the two tests. The main reason for withdrawal in
the 67 subjects (54 of which were history-negative and 13
history-positive) was transfer away from the area (ie, because
of completion of military training). Of the 239 subjects with
negativeinitial skin testing, 6 (2.5%, 95% confidence interval
0.5 to 4.5%) had a positive second skin test 4 weeks later
(Table 1). None of these 6 subjects had a previous history of
reaction to a B-lactam antibiotic, and none had taken a
B-lactam antibiotic between the two tests. The statistically
significant factors associated with sensitization (compared
with the 233 patients who did not convert their skin test)
were: female sex (5 of 6 subjects, odds ratio [OR] 6.53, P =
0.05), atopy (4 of 6 subjects, OR 5.31, P = 0.04), and
presence of food allergy (2 of 6 subjects, OR 6.35, P = 0.02).

With regard to duration since last B-lactam use, of the
newly sensitized subjects, one had completed a 21-day course
of amoxicillin-clavulanate 3 weeks before her initial negative
skin test, one had taken amoxicillin 5 months before, and
another had taken penicillin approximately 3 years before.
Two other subjects had not had a B-lactam antibiotic for at
least 3 years, and one subject reported having never taken a
B-lactam antibiotic. None reported taking a cephalosporin
previously. When comparing the duration since last penicillin
use to the 233 subjects not sensitized by skin testing, there
was a trend toward more recent penicillin use in the newly
sensitized patients (50% vs 29% having taken penicillin
within the last 3 years), but this was not statistically signifi-
cant (P = 0.19).

The wheal and flare responses for the initial and followup
skin tests in the six newly sensitized subjects are shown in
Table 3. Four of 6 were skin test positive to Pen G aone; 1
was positive to both Pen G and PrePen, and 1 was positive to
Pen G, PrePen, and MDM. Subjects who converted their skin
test to positive were also offered followup penicillin skin
testing to evaluate for persistence of their sensitization. Only
one patient was available for long-term followup, and under-
went repeat skin testing at 2, 4, 9, 12, 15, and 19 months after

Table 2. Characteristics of the Previous p-Lactam Reactions Reported by 72 Subjects

% With Years
o o . o . .
% o With  %With % Wwithal _° With % With childhood or 4 (s since
N With L . respiratory cardiovascular unknown
« , urticaria angioedema symptoms R per pt last
rash symptoms symptoms previous reaction
reaction
Penicillin reactions
ST neg 61 59% 38% 11% 8% 10% 10% 25% 1.5 21.2
ST pos 9 44% 44% 78% 11% 11% 11% 11% 1.9 16.5
Cephalosporin
reactions
ST neg 4 100% 100% 50% 0% 50% 25% 0% 3.3 5.3
ST pos 1 0% 0% 0% 100% 0% 0% 0% 1.0 2.0
Total reactions: 75 59% 1% 21% 9% 12% 11% 21% 1.6 20.5

Gl, gastro-intestinal; ST, skin test.
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Table 3. Initial and Followup Skin Test Responses in the 6 Newly Sensitized Subjects

Initial Skin Test

PenG Pre-Pen MDM Saline Histamine
Subject Prick ID Prick ID Prick ID Prick ID Prick ID
w f w f w f w f w f w f w f w f w f w f
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 12 40
2 0 0 6.5" 0 0 0 4 0 0 0 4 0 0 0 0 0 8 12 8 12
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 11 33
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 105 37.5
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 45 175 95 325
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 15 105 18
Followup Skin Test
PenG Pre-Pen MDM Saline Histamine
Subject Prick ID Prick ID Prick ID Prick ID Prick ID
w f w f w f w f w f w f w f w f w f w f
1 0 0 11 28 0 0 75 75 0 0 0 0 O 0 0 0 4 4 14 32.5
2 0 0 5 10 0 0 0 0 0 0 0 0 0 0 0 0 5 175 10 39
3 0 0 5 5 0 0 3 3 0 0 0 0 o0 0 0 0 5 10 15 35
4 2 3 7 7 3t 4 5 5 0 0 9 1 0 0 0 0 3 3 10 50
5 0 0 5 19 0 0 0 0 0 0 0 0 0 0 0 0 3 10 125 31
6 0 0 5 8.5 0 0 3 3 0 0 0 0 0 0 0 0 4 4 4 11.5

* In subject 2, there was no erythema on the initial skin test, with definite erythema on the followup skin test.

T In subject 4, the followup skin test prick skin testing for Pre-Pen was considered to be borderline (just at 3 mm), and it was decided to confirm
sensitivity by continuing with intradermal testing, which was positive for all 3 determinants.

Wheal and flare sizes are shown, in mm, as the mean sum of orthogonal diameters (length + width/2).

MDM, minor determinant mixture; ID, intradermal skin test; w, wheal; f, flare.

her skin test had converted to positive. Her skin test remained
positive to both Pen G and PrePen at the 2-4-, 9-, and
12-month repeat tests, but reverted to negative for all reagents
at 14 and 19 months. She did not receive any penicillin
throughout this time.

Intertest Antibiotic Use

In the 4-week period between the two skin tests, 6 of 239
subjects (2.5%) had taken a B-lactam antibiotic as prescribed
by another physician (3 on amoxicillin, 2 cephaexin, 1 ce-
furoxime). Four of these subjects were history-negative and 2
were history-positive. None of these subjects converted to a
positive second skin test.

DISCUSSION

The purpose of this study was to determine the incidence of
sensitization after penicillin skin testing alone. In our study
population we found a 2.5% rate of sensitization (95% con-
fidence interval 0.5 to 4.5%), defined as conversion from a
negative to positive skin test over a period of 4 weeks without
intervening medication exposure. This low rate is similar to
that found in the general nonallergic population overall, in
which people having received a course of penicillin without
reaction have an incidence of sensitization estimated between
2 and 4%.%317 Other studies evaluating patients with a pre-
vious history of alergy to penicillin have found rates of

resensitization from O to 16% after oral or parenteral admin-
istration of the drug.>**'* In one of these studies, Mendelson
et a* chalenged 219 healthy children with a self-reported
history of penicillin or cephalosporin allergy and negative
skin testing with a 10-day course of oral penicillin, followed
by repeat skin testing 1 to 9 monthslater. They found that two
patients (1% of total group, or 1.5% of those whose history
was specifically positive to penicillin) had a positive skin test
after the challenge. This is in contrast to Pichichero and
Pichichero,** who studied 247 children whose penicillin a-
lergy had been physician-diagnosed and found a significantly
higher resensitization rate of 14% when re-tested within 3 to
4 weeks. Parker et al*? performed repeat skin testing on 18
hospitalized adult patients with previous history of a penicil-
lin reaction who received B-lactam antibiotics after negative
skin testing, and found that 3 (16%) had become sensitized
within a period of 4 weeks to year.

Another study in Spain by Lopez-Serrano et al** evaluated
249 patients with histories of reactionsto 3-lactam antibiotics
for the rate of sensitization after re-exposure to penicillin.
They performed initial penicillin skin testing and radioaller-
gosorbent testing, followed if negative by controlled chal-
lenge with both intramuscular benzylpenicillin and oral
amoxicillin, and evaluated for resensitization 10 to 30 days
later with an additional skin test, radioallergosorbent test, and
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drug challenge. They found that 11 of 207 patients (5%) with
an initial negative evaluation were positive with the second
test and/or drug challenge.*4

Most recently, Solensky et al® subjected 48 patients with a
history of penicillin allergy and negative skin testing to three
serial 10-day oral courses of penicillin, 5 weeks apart, with
skin testing performed before each course and 4 weeks after
the final course. None of the 46 patients that completed the
study converted their skin test to positive, yielding a resen-
sitization rate of 0%.5

The route of administration of the drug is also likely an
important factor in resensitization, as reactions to penicillin
arelesslikely when given orally.*® The study with the highest
resensitization rate by Parker et al'? evaluated hospitalized
patients, of whom 15 of 18 (83%) had received their antibi-
otic parenterally.

All of these studies involved patients with a previous
history of penicillin alergy and included both skin testing and
amedication challenge, either of which may have contributed
to subsequent sensitization. Our study evaluated the sensiti-
zation potential of the skin testing procedure alone, and found
asmall but measurable sensitization rate in our population of
volunteer subjects, the majority of whom (78%) did not have
a history of reaction to penicillin. Interestingly, al six sub-
jects that were sensitized between the two studies were his-
tory-negative (had no previous history of reaction to a g-lac-
tam antibiotic). In comparison to the other 233 subjects who
did not convert their skin test, the factors favoring conversion
were female sex, atopy, and history of food alergy.

Sex has not been reported as arisk factor for sensitization
to penicillin overall,” although it is interesting to note that of
the 11 patients with “booster” sensitization in the study by
Lopez-Serrano et al,** 7 (67%) were female, and the majority
(83%) of our subjects that converted a negative to positive
skin test were female. In most large studies, neither atopy or
food allergy have been otherwise associated with increased
risk for sensitization to penicillin.”

The six newly sensitized subjects also had a trend toward
more recent administration of penicillin when compared with
the 233 patients not sensitized, although not statistically sig-
nificant. Some studies have found that more recent penicillin
administration can be related to higher incidence of sensiti-
zation,**® whereas others have found no significant relation-
ship between time since last penicillin administration (or
previous clinical reaction) and sensitization.>'**® |t has been
noted by many authors that sensitization to penicillin appears
to decline with time.#**'8 Notably, the study with the lowest
resensitization rate (0%) in the previous discussion included
patients with the longest mean length of time elapsed since
last exposure (25 years, with only six patients exposed within
10 years).’ In the study by Lopez-Serrano et al,** which had
a resensitization rate of 5%, 6 of the 11 resensitized patients
had their previous penicillin reaction within 3 years.

Similarly, the individuals newly sensitized in our study
were aso identified in close temporal relationship to their
initial penicillin skin test (4 weeks). If sensitization in these

individuals decreases with time, studies looking for resensi-
tization with longer intervals between initial and subsequent
testing may miss such patients. In the one sensitized subject
who was available for followup testing, her skin test re-
mained positive for 12 months before reverting to negative.
In the study by Mendelson et al,*! the two patients resensi-
tized in their study were identified 6 weeks after initia
testing, and remained skin test-positive 6 months later.

Our study differs from previous investigations of sensiti-
zation in that we sought to evaluate the potential for sensiti-
zation from the penicillin skin testing procedure alone. We
did not confirm clinical sensitization with a medication chal-
lenge. Another feature is that the majority of our subjects
were history-negative, and this population may differ in re-
gard to sensitization by penicillin skin testing, because all of
the newly sensitized patients in this study were history-
negative. The small number of conversions (6) aso limits the
power of the statistical analysis.

CONCLUSION
Penicillin skin testing may sensitize a small number of
individuals to penicillin.
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