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Abstract

Background: Allergy to penicillins remains an important is-
sue. Penicillin skin testing (PST) with major and minor deter-
minants has been shown to be a highly valuable tool for
identifying IgE-mediated penicillin allergy. The value of ad-
ditional testing with side-chain-specific moieties from semi-
synthetic penicillins such as amoxicillin is not well-estab-
lished in spite of the widespread use of these medications.
Methods: A retrospective review of all consecutive inpatient
PST results from 1995 to 2007 comprising 1,068 patients was
performed in our institution on individuals with a self-re-
ported history of beta-lactam allergy to assess the impor-
tance of including the amoxicillin determinant in a previous-
ly validated PST panel. Descriptive statistics were performed.
The PST panel included penicilloyl-polylysine, penicillin G,
penicilloate, penilloate and amoxicillin. Results: Of 1,068 pa-
tients, 243 (23%) had a positive skin test reaction on the PST
panel. Testing with amoxicillin was positive in 30.9% of pa-
tients, the majority of whom (81%) were also positive to 1 or
more standard penicillin reagents. Fourteen of the 243 posi-

tive patients (5.8%) had a positive skin test reaction only to
amoxicillin. Additionally, the use of penicilloate and penil-
loate minor determinants in combination with penicillin G
identified a greater percentage of penicillin-allergic individ-
uals compared to using only penicillin G (22.6 vs. 6.6%), dem-
onstrating their importance in the PST panel. Conclusions:
These data indicate that the inclusion of the amoxicillin de-
terminant appears to identify a small but important group
of allergic individuals who may otherwise test negative on a

PST panel. Copyright © 2010 S. Karger AG, Basel

Introduction

Beta-lactam antibiotics, including penicillins, remain
the most common cause of drug-induced hypersensitiv-
ity reactions [1]. The incidence of self-reported penicillin
allergy is approximately 10% [2-5]; however, over 90% of
these individuals are able to tolerate penicillins when
evaluated for penicillin allergy [6]. Thus, it appears that
there is a significant portion of individuals who are inap-
propriately labeled as allergic to penicillin. The overdiag-
nosis of penicillin allergy may be due to many factors,
such as declining penicillin IgE antibodies over time [7],
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concomitant viral illnesses with symptoms inappropri-
ately attributed to penicillin allergy [8] or misinterpreta-
tion of side effects to medication as allergy. The negative
consequences of this mislabeling include limited antibi-
otic options, the unnecessary use of broad-spectrum an-
tibiotics, increased risk of toxicity and increased health-
care costs [9, 10]. Thus, the role of penicillin skin testing
(PST) is important in evaluating true penicillin allergy in
order to optimize the efficacy of medical care [11]. How-
ever, there are currently no standardized guidelines re-
garding which determinants to include in a PST panel. In
particular, the value of including semisynthetic penicil-
lins such as amoxicillin is not known.

Historically, while PST panels may vary from institu-
tion to institution, the haptens that have generally been
used include the major determinant penicilloyl-polyly-
sine and a mixture of minor determinants, including
penicilloate, penilloate and penicillin G [6, 12]. Gadde et
al. [6] found that 90% of skin test-positive subjects dem-
onstrated sensitivity to penicilloyl-polylysine, whereas
10% displayed sensitivity to the minor determinants
alone. Testing sensitivity to the minor determinants is of
particular importance given data suggesting that skin
test reactivity to these antigens is clinically associated
with more severe acute systemic reactions upon subse-
quent penicillin administration [6, 13]. Inclusion of semi-
synthetic penicillins such as amoxicillin in penicillin al-
lergy skin testing panels is not widely utilized [14], and
data regarding its significance have not been extensively
studied in the USA.

In evaluating patients for beta-lactam IgE-mediated
allergy, the importance of including testing for hypersen-
sitivity to side-chain-specific moieties has been debated.
Given the widespread use of semisynthetic penicillins,
there may be a significant number of individuals who re-
actonlyto the side-chain-related haptens [15-17]. A num-
ber of studies on amoxicillin allergy have been performed
in Europe. Blanca et al. [15, 16] have described cases of
hypersensitivity specifically to amoxicillin with positive
skin test and radioallergosorbent test results to amoxicil-
lin and with negative skin test results to the major and
minor determinants of penicillin. These results suggest
that the acyl side chain may be a significant antigenic de-
terminant apart from the penicillin nucleus [15, 16, 18].
Vega et al. [19] described a group of patients with sus-
pected beta-lactam allergy who demonstrated allergic
reactions only to amoxicillin (30.5%), while tolerating
penicillin. Of these individuals, 63% were positive for
amoxicillin on skin testing and 22% were positive on a
radioallergosorbent test [19]. These studies suggest that
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amoxicillin may represent an important antigen to in-
clude in a PST panel. There is a paucity of studies in the
USA regarding amoxicillin allergy, and its incidence may
differ from that in other parts of the world.

While the majority of individuals who report an al-
lergy to penicillin are able to tolerate penicillin, the po-
tential for an acute and life-threatening reaction in those
with true penicillin allergy mandates appropriate caution
and evaluation. The rate of anaphylactic reactions after
parenteral administration of penicillin has been found to
be approximately 0.2% [20]. Given the limited utility of
clinical history as a predictor for beta-lactam allergy [5,
8,21,22], PST with major and minor determinants as well
as the potential inclusion of amoxicillin is a valuable tool
for identifying a true IgE-mediated penicillin allergy.
The purpose of this study was to evaluate the importance
of the specific determinants used in the PST panel. In
particular, the value of including the amoxicillin deter-
minant in the PST panel was assessed.

Patients and Methods

This study was a retrospective review of all consecutive inpa-
tient PST results from tests performed at The University of Cali-
fornia - Los Angeles Medical Center from January 1995 to De-
cember 2007. We have been performing PST with characterized
and validated penicillin determinants since the mid-1970s. Chal-
lenge data from our first 15 years of skin testing have been pub-
lished previously [23, 24]. Amoxicillin at 107 M (3.65 mg/ml) was
added to this panel in January 1995. The amoxicillin concentra-
tion of 1072 M was selected as it is the concentration that has been
well-established for penicillin as a minor determinant. The co-
hort consisted of 1,068 patients. Of these, 834 had appropriate
positive and negative control responses. PST was performed on
those hospitalized individuals suspected of having an allergy to
penicillin or a related beta-lactam antibiotic with a documented
reaction on medical records or a self-reported history. These pa-
tients were referred to the allergy skin testing service based upon
the judgment of the primary attending physician. The standard-
ized protocol for PST involved administering a series of skin prick
tests followed by intradermal skin tests to penicilloyl-polylysine
(major determinant), penicilloate, penilloate, penicillin G and
amoxicillin, along with appropriate controls. The respective in-
stitutional review board approved the study protocol.

The PST panel used in this study consisted of 7 scratch (‘prick’)
skin tests: histamine at 1 mg/ml (positive control), normal phos-
phate buffer (negative control), penicilloyl-polylysine (6 X
1075 M), penicillin G (1072 M), penicilloate (10 M), penilloate
(1072 M) and amoxicillin (1072 M). Patients had the skin on the vo-
lar part of their forearm cleaned with alcohol and then ‘pricked’
with the individual PST determinants. Skin tests were read after
15-20 min. Any determinant giving a wheal response of 4 mm or
greater with flare on prick skin testing was not employed on in-
tradermal testing. Intradermal tests involved placing 0.02-0.03
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ml of each of the determinants under the skin, which was enough
to createa2 X 2 mm wheal. Intradermal skin tests were read after
a 15- to 20-min interval. A skin prick and intradermal result were
considered positive if there was a wheal greater than or equal to
4 mm with a surrounding area of erythema. A positive result on
the PST panel was defined as having 1 or more positive responses
to a skin prick or intradermal determinant. Testing was consid-
ered indeterminate if the individual did not have a positive hista-
mine response (i.e. wheal >4 mm with surrounding erythema)
and/or had a wheal/flare of 3 mm or more to the negative control.
The methods for the preparation of the penicillin determinants
have been published previously [25]. When the commercially
available material for the major determinant (penicilloyl-polyly-
sine) became unavailable in 2004, we synthesized our own peni-
cilloyl-polylysine (BPL-PLL) according to published methods
[26]. The molarity and quality of this benzylpenicilloyl moiety
was assessed by comparing it to the previously available commer-
cial materials in the penamaldate assay [27, 28] using HgCl, as a
substrate. The endotoxin content of BPL-PLL was less than 0.0125
EU/ml endotoxin per 2 mg of BPL-PLL, as assayed by the Pyro-
gent® limulus amebocyte lysate assay (Lonza Biologics). BPL-PLL
was used at a final concentration of 6.15 X 107> M for skin test-
ing.

The information obtained with the University of Califor-
nia - Los Angeles PST results included date of testing, birth date
and gender. The skin testing service did not obtain a detailed clin-
ical history of penicillin allergy from all patients, as they were
referred by the attending physician based on a suspicious clinical
history.

Descriptive statistics were performed on the PST result pat-
terns. Logistic regression analysis was used to calculate odds ra-
tios and 95% confidence intervals for gender differences (male =
0, female = 1). Binomial analysis was used to investigate potential
differences in the proportion of positive results on PST panels in
females versus males. Multivariate logistic regression including
age as a covariate was performed to assess the potential effect of
age on positive PST results.

Results

Between January 1995 and December 2007, 1,068 in-
patients were referred to the allergy-immunology service
for PST due to a history of suspected penicillin allergy. Of
the total 243 PST-positive patients, 75 patients (30.9%)
reacted to the amoxicillin determinant. Of these, 14 indi-
viduals were positive to amoxicillin alone (table 1). Thus,
omission of amoxicillin from the test panel would have
resulted in failure to identify 5.8% of PST-positive pa-
tients.

Testing with penicilloyl-polylysine, penicillin G, pen-
icilloate and penilloate detected 64.6,45.7, 37.0 and 34.6%
of the positive patients, respectively. Omission of penicil-
loyl-polylysine would have led to a failure to detect 18.5%
of PST-positive patients. Omission of penicillin G, peni-
cilloate and penilloate would have led to a failure to detect

Inclusion of Amoxicillin in Penicillin
Skin Testing

Table 1. Positive results to the various penicillin reagents

Agent Males Females Total
(n=89;37%) (n=154;63%) (n=243;23%)

Penicilloyl-polylysine 56 (62.9) 101 (65.6) 157 (64.6)
Penicillin G 37 (41.6) 74 (48.0) 111 (45.7)
Penicilloate 32 (36.0) 58 (37.7) 90 (37)
Penilloate 31 (34.8) 53(34.4) 84 (34.6)
Amoxicillin 28 (31.5) 47 (30.5) 75 (30.9)
Penicilloyl-polylysine

only 16 (18.0) 29(18.8)  45(18.5)
Penicillin G only 8(9.0) 8(5.2) 16 (6.6)
Penicilloate only 3(3.4) 4(2.6) 7 (2.9)
Penilloate only 5(5.6) 11(7.4) 16 (6.6)
Combination 1 21 (23.6) 34(22.1)  55(22.6)
Combination 2 13 (14.6) 26 (16.9) 39 (16)
Amoxicillin only 5(5.6) 9 (5.8) 14 (5.8)

Results are numbers of patients (percentages in parentheses).
Combination 1 = combination of the minor determinants penicil-
lin G, penicilloate and penilloate. Combination 2 = combination
of the minor determinants penicilloate and penilloate.

Table 2. PST results by gender

Females Males Total Total
tested evaluable!
Positive results 154 (63.4)* 89 (36.6) 243 (23) 243(29.1)
Negative results 314 (53.1) 277 (46.9) 591 (55) 591 (70.9)
Indeterminate 131 (56) 103 (44) 234 (22) 0
Total 599 (56)* 469 (44) 1,068 834

Results are numbers of patients (percentages in parentheses).
*p < 0.0001.

'Includes only patients with appropriate positive and negative
controls.

6.6, 2.9 and 6.6% of PST-positive patients, respectively.
Omission of a combination of 3 minor determinants
(penicillin G, penicilloate and penilloate) would have led
to a failure to identify 22.6% of PST-positive patients.
Omission of a combination of 2 minor determinants
(penicilloate and penilloate) would have led to a failure to
identify 16% of PST-positive patients (table 1). Of note,
out of the total 243 patients who tested positive on our
PST panel, 45 were identified on initial prick skin testing
and did not require intradermal testing.

In the entire cohort, 243 of 834 patients (29.1%) with
appropriate control responses had a positive skin test re-
action to 1 or more antigens on the PST panel. Of those
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who tested positive, 154 (63.4%) were female and 89
(36.6%) were male (table 2). Female gender was associated
with greater odds of positive PST results even when ad-
justed for age (odds ratio 1.47, 95% confidence interval
1.09-1.98; p value = 0.011). There was not a significant
interaction between age and gender (p = 0.103). Overall,
a logistic regression model including gender as the sole
predictor variable was not shown to be particularly effec-
tive at discriminating between positive and negative PST
results.

In our cohort, 551/834 patients (66%) had a document-
ed clinical history of a reaction to penicillin in their med-
ical records. Of these patients with a documented clinical
history, 145/551 (26.3%) had clinical histories suggestive
of an IgE-mediated reaction (including anaphylaxis, pru-
ritic rash, urticaria, angioedema and respiratory symp-
toms). Of the 243 patients with positive PST results, 57
(23%) reported a clinical history suggestive of an IgE-me-
diated reaction. Eighty-eight of the 591 patients (15%)
with negative PST results reported a clinical history sug-
gestive of an IgE-mediated reaction. Given the incom-
plete documentation of the clinical history of our cohort,
it is difficult to make any definitive conclusions on the
predictive ability of clinical history in penicillin allergy.
Of note, several previous studies failed to show utility of
the clinical history as a predictor for penicillin allergy [5,
8,21,22].

The overall mean age (* SD) of the study population
was 58 * 18 years. In the patients with positive PST, the
mean age was 54 * 18 years. In those with negative PST,
the mean age was 56 % 18 years. In those with indeter-
minate PST, the mean age was 62 * 18 years. There were
no statistically significant differences in the ages based
on the PST result.

Discussion

In our study, the overall rate of positive PST was 29.1%
of the evaluable patients. This is a somewhat higher pos-
itive rate than has been previously reported in the litera-
ture (7-20%) [6, 21]. It may be due to the fact that our
population was strictly inpatient in a tertiary care hospi-
tal, and thus represented patients with medical concerns
of higher acuity who may have had more exposure to an-
tibiotics in the past. Additionally, in-depth evaluation of
these patients by inpatient house staff and hospitalists
may have resulted in a selected test population with a
higher pretest probability for true penicillin allergy. Dif-
ferences in the overall rate of positive PST may also be due
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to the varying number of determinants included in the
skin testing panel at each institution. The inclusion of the
amoxicillin determinant at our institution was shown to
increase the overall positive skin test rate by a statisti-
cally significant amount.

The amoxicillin determinant was found to identify
5.8% of patients who otherwise had negative PST results.
Of the 243 patients with positive results on the PST pan-
el, 30.9% reacted to the amoxicillin determinant. This
finding contrasts with those of Vega et al. [19], who found
that 63% of their cohort were positive to amoxicillin on
PST. This large discrepancy may be due to differences in
prescribing patterns, as the study performed by Vega et
al. [19] was conducted in Spain, where there is a higher
rate of prescriptions (up to 45%) given for amoxicillin
[16]. Sastre et al. [29] reported that 21% of their patients
were allergic to amoxicillin but demonstrated good toler-
ance to penicillin. Our finding suggests that amoxicillin
may be a useful determinant to include in the PST panel
but may not be as essential as other studies have found.
The inclusion of amoxicillin in a PST panel raises the
question of whether to administer penicillin or a semi-
synthetic penicillin such as piperacillin to an individual
who tests positive only to amoxicillin. While it may ap-
pear to be reasonable to administer penicillin or a semi-
synthetic penicillin in this setting, further studies will
need to be performed to assess safety before one could
make a firm recommendation. The current practice at
our institution is to recommend that patients with a pos-
itive skin test result on the PST panel avoid penicillin,
semisynthetic penicillins, cephalosporins and beta-lac-
tams, if possible, due to the variable risk of cross-reactiv-
ity with these drugs as well as medicolegal concerns. This
is usually feasible given the wide choice of alternative an-
tibiotics now available. In patients with a documented
positive skin test, desensitization or graded challenge was
performed only if the identified antibiotic was deemed
absolutely medically necessary. We have had no serious
adverse outcomes following desensitization or graded
challenge.

Sixteen percent of the patients in our study responded
only to the minor determinants penicilloate and/or pe-
nilloate, which is consistent with previous findings re-
ported by Macy et al. [25] and supports the importance
of including these minor determinants in the PST panel.
The addition of the minor determinants penicilloate and
penilloate with penicillin G clearly identifies a greater
percentage of individuals compared to using only peni-
cillin G alone (22.6 vs. 6.6%), showing the value of includ-
ing all 3 minor determinants in the PST panel.
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Our study demonstrates that there is a 1.47-fold great-
er odds of a positive PST result in women compared to
men in those with a reported history of penicillin allergy
in an inpatient hospital setting. The age of the patient did
not significantly affect these greater odds for a positive
skin test in women. Park et al. [30] showed a significant-
ly higher odds ratio of 3.6 for female gender as a risk fac-
tor for a positive PST than that found in our study (1.47).
In contrast, Sullivan et al. [31] showed no effect of gender
on PST results. Discrepancies in the findings between
our studies may be due to differences in the patient pop-
ulations. While our study was composed entirely of an
inpatient population, the individuals studied by Park et
al. [30] were drawn exclusively from an outpatient set-
ting. Sixty-two percent of the population examined by
Sullivan et al. [31] was based in an outpatient setting.

The use of PST in a patient with suspected penicillin
or beta-lactam allergy provides valuable information,

given that the majority of individuals with suspected
penicillin allergy have a negative result and are able to
tolerate penicillins. The return of the commercially man-
ufactured major determinant product, penicilloyl-poly-
lysine, which was removed from the market in 2004, of-
fers clinicians the opportunity to perform standardized
PST [32]. The availability of the major determinant in
conjunction with access to a protocol for preparing the
minor determinants (penicilloate and penilloate) pub-
lished by Macy et al. [25], as well as the ability to test with
amoxicillin, allows clinicians to be better equipped to
evaluate patients with reported penicillin allergy. Data
from 12 years of PST at our institution confirm the im-
portance of including 3 minor determinants in addition
to the major determinant in the PST panel. The inclusion
of the amoxicillin determinant appears to identify a small
but important group of individuals who may otherwise
test negative on PST.
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