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ABSTRACT

Background: Eight to ten percent of patients believe that they are allergic to penicillin, yet only 10% of those patients have
evidence of an immunoglobulin E (IgE) mediated allergy upon penicillin skin testing (PST). In the adult population, a negative
PST result is associated with a low risk of immediate reaction on oral challenge, but further studies are needed in the pediatric
population.

Objective: To calculate the negative predictive value (NPV) of the current skin testing regimen of penicillin, benzylpeni-
cilloyl-polylysine (the major determinant), and ampicillin in a pediatric outpatient population to assess the utility of adding the
minor determinant mixture to the skin testing regimen.

Methods: A retrospective chart review was conducted of all pediatric patients seen in a single-center pediatric allergy/
immunology outpatient clinic between January 1, 2010, and March 1, 2016, who underwent PST for presumed penicillin drug
allergy.

Results: Only 38% of patients who underwent PST had a drug reaction history consistent with an IgE-mediated reaction.
28.8% of the patients had a positive PST result. The addition of ampicillin to the standard PST regimen of penicillin and
benzylpenicilloyl-polylysine identified an additional 4.1% of patients. Two patients (3.2%) reacted on oral challenge with a
minor rash. The NPV of the PST regimen was 98%. No significant predictive variables for a positive PST result were identified.

Conclusion: Given the high NPV of the current PST regimen, we do not recommend additional testing with the minor
determinant mixture. Despite this high NPV, the utility of PST in the low-risk, low-pretest probability outpatient pediatric
population was limited, and select patients may be able to proceed directly to oral challenge.

(Allergy Asthma Proc 39:305–310, 2018; doi: 10.2500/aap.2018.39.4138)

Eight to ten percent of patients who visit subspe-
cialty clinics, urgent cares, and hospitals believe

themselves to be allergic to penicillin.1–3 However,
only �6–8%4,5 of these patients have evidence of an
immunoglobulin E (IgE) mediated penicillin allergy
when evaluated by penicillin skin testing (PST). Yet,
many physicians on hearing of a patient’s presumed
penicillin allergy elect not to use penicillins or other
lactam antimicrobials. This unnecessarily exposes pa-
tients to broad-spectrum antibiotics, which are associ-
ated with more adverse effects, may be less efficacious,
contribute to multidrug resistant organisms, and are
often of greater monetary cost.6,7

Penicillin is metabolized into major and minor deter-
minants. The majority of penicillin is converted into the
major determinant penicilloyl, a small amount remains

as penicillin, and a very small amount is converted into
the minor determinants penicilloate and penilloate.
Most patients who are allergic to penicillin are allergic
to penicillin metabolites, although some react to the
core structure of penicillin and others react to the R-
side chain on the aminopenicillins. Thus, PST is usually
performed with penicillin G (PenG), the major deter-
minant benzylpenicilloyl-polylysine (PrePen), and, if
available, a minor determinant mixture (MDM) of
penicilloate and penilloate and/or an aminopenicillin
(ampicillin or amoxicillin).

The currently proposed negative predictive value
(NPV) of PST with PenG and PrePen is very high, with
an approximate 1–3%4,8 risk of immediate reaction on
oral challenge, but studies suggest that the false nega-
tive rate may be higher in children9 and that testing
with the full MDM panel can identify up to another
10% of patients who are allergic to penicillin.10 Skin
testing with aminopenicillins is important in the pedi-
atric population given the frequent use of amoxicillin.
At our institution, we currently skin test with PenG,
PrePen, and ampicillin but do not use MDM. The pri-
mary end point of this study was to calculate the NPV
of our current PST regimen to assess if there is utility in
adding MDM testing in our population to minimize
the risk of allergic reaction on oral challenge. Second-
ary end points included assessing the additional value
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of aminopenicillin testing and identifying predictive
variables for positive PST results.

METHODS
After institutional review board (University of Cali-

fornia–San Diego) approval, a retrospective chart re-
view was undertaken of all pediatric patients seen in
the allergy/immunology outpatient clinic at Rady
Children’s Hospital San Diego between January 1, 2010
and March 1, 2016, who underwent PST for presumed
penicillin drug allergy. Standard skin testing proce-
dure in the clinic includes percutaneous skin-prick
testing (SPT), followed by intradermal testing (IDT),
followed by oral challenge. The reagents used in SPT
and IDT were PenG 10,0000 units/mL (McKesson,
San Francisco, CA) stored at 4°C and diluted in
clinic, PrePen (Alk-Abello, Copenhagen, Denmark)
in 0.25-mL single-use ampules, and ampicillin
(McKesson) 10 mg/mL for SPT and 1 mg/mL for
IDT reconstituted by the pharmacy and immediately
diluted in the clinic.

Histamine (1 mg/mL) was the positive control, and
normal saline solution was the negative control. All the
patients refrained from using antihistamines for �1
week before skin testing. A positive SPT result was
defined as a wheal of �5 mm with flare when the skin
site was examined 15 minutes after the reagent was
introduced. If the SPT result was negative, then IDT
was undertaken by using 0.1 mL of the above solu-
tions. A positive IDT result was defined as a wheal of
�5 mm with flare when the skin site was examined 15
minutes after the reagent was introduced.

If the IDT result was negative, then oral challenge
was undertaken with amoxicillin 50 mg/kg. The pa-
tients were given 10% of the total dose, and, if no
reaction occurred after 15 minutes, then the remaining
90% was administered and the patient was observed
for an additional 60 minutes. The patients who had
inconclusive IDT results or declined IDT were allowed
to undergo oral challenge, depending on the clinical
history per the discretion of the attending physician. A
failed oral challenge occurred when there was an ad-
verse drug reaction (ADR) on ingestion, including
symptoms of rash, angioedema, respiratory compro-
mise, gastrointestinal (GI) upset, or hemodynamic in-
stability. A patient was considered to not be allergic to
penicillin only if he or she did not react upon oral
challenge. No delayed reaction testing or challenge
was performed.

A chart review was performed to collect data on the
patient’s age, gender, history of atopy, time from the
last penicillin reaction, reaction symptoms, offending
drug, and penicillin drug testing results. From these
data, the rates of skin test positivity to SPT, IDT, and
oral challenge were calculated for each reagent. We

also calculated the NPV of our current PST protocol by
using oral challenge to amoxicillin as the criterion stan-
dard. Statistical analysis was used to attempt to iden-
tify variables predicting positive PST results. Odds
ratios for each variable of interest were calculated by
using the maximum likelihood estimation (MLE). Lo-
gistic regression was performed for the continuous
variables atopy (defined as the number of atopic dis-
eases that a child had) and time from the last penicillin
reaction.

RESULTS
Eighty patients were included in this cohort (Table

1). The mean age of the patients for PST was 7.3 years,
with a mean age at reaction of 3.3 years, which indi-
cated, on average, 4.0 years passed between the initial
reaction and the PST. Fifty-eight percent had a history
of atopy (28% asthma, 36% allergic rhinitis, 19% ec-
zema, 14% food allergy). The most common reported
offending antibiotic was amoxicillin (93%) either as
pure amoxicillin or amoxicillin-clavulanate, with the
remainder only able to identify a penicillin-type drug
that caused a reaction. Fourteen percent of the patients
reported a drug reaction to both amoxicillin and a
cephalosporin. The most common immediate reaction
to the drug was nonurticarial rash (65%), followed by
urticaria (32%), and angioedema (9%) (Table 2). Thirty-

Table 1 Demographic characteristics

Characteristics Patients, no. (%)

Gender
Boys 44 (55)
Girls 36 (45)

Age at reaction, y
�1 y 10 (14)

1–4 y 47 (64)
5–9 y 12 (16)
�10 y 5 (6.7)

Duration between reaction
and testing
�5 y 54 (71)
�5 y 22 (29)

Atopy 46 (57.5)
Asthma 20 (27.5)
Allergic rhinitis 31 (36)
Eczema 15 (19)
Food allergy 11 (14)

Antibiotic
Only amoxicillin or

amoxillin-clavulonate
61 (79)

Combined amoxicillin-
cephalosporin

11 (14)

“Penicillin” 5 (6.4)
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eight percent of the patients had symptoms concerning
for IgE mediated reaction, with hives or facial swelling
or symptoms of anaphylaxis. Only one patient (1.3%)
had a high-risk reaction associated with respiratory
symptoms, GI upset, or hemodynamic instability.

SPT with PenG, PrePen, and ampicillin was per-
formed on 80 patients and did not identify any patients
with a wheal of �5 mm. Seventy-three of the 80 pa-
tients proceeded to IDT; 28.8% of the patients tested
positive (Fig. 1). Of the 73 who underwent IDT, 19.2%
reacted to PenG, 8.3% to PrePen, and 13.7% to ampi-
cillin; 4.1% of the patients reacted to ampicillin alone.
Sixty-two patients proceeded to oral challenge (50 pa-
tients with negative IDT results, 6 patients who de-
clined IDT, 6 patients with positive IDT results); 96.8%
had no reaction, 3.2% (2/62) had a mild reaction with
rash. No patients had a severe reaction. The NPV was
98%. The positive predictive value was unable to be
calculated because the majority of the patients who had
a positive result on IDT did not proceed to oral chal-
lenge. However, none of the six patients with positive
IDT results who elected to proceed with oral challenge
had a reaction.

Statistical analysis was used to identify variables for
predicting positive PST results. Variables of interest
included a history of asthma, allergic rhinitis, eczema,
food allergy, and the number of atopic conditions as
well as the time since a reaction, IgE-mediated reaction
history (urticaria, angioedema, respiratory symptoms,
anaphylaxis), and a convincing reaction history (respi-
ratory symptoms, GI symptoms, or hemodynamic in-
stability). Conditional MLE analysis failed to identify
any variables with a statistically significant odds ratio
for predicting positive PST results (Table 3). Logistic
regression performed on the continuous variables of
atopy and time since reaction also failed to identify any
predictive value for these variables (Table 4).

DISCUSSION
According to the Joint Task Force on Practice Param-

eters,13 PST is the most reliable method for evaluating

patients for IgE-mediated penicillin allergy and should
ideally be performed in all patients with a history
concerning for penicillin drug allergy with both major
and minor determinants. This recommendation pri-
marily comes from data in the adult population in
which the NPV of PST for immediate reactions ap-
proaches 100%.12,13 We undertook this study to more
closely examine the utility of PST in the outpatient
pediatric population with particular attention to the
different PST reagents.

Current skin testing at our institution includes pen-
icillin, the major determinant, and an aminopenicillin
but does not include MDM, which is not commercially
available in the United States. Given the high NPV of
98% in our study, adding MDM to the PST protocol is
unlikely to significantly reduce the number of ADRs on
oral challenge in the pediatric outpatient population.
Furthermore, the clinical significance of a positive PST
result to MDM is unclear. There may be more utility in
testing with MDM in populations with high pretest
probability and in those patients who cannot afford to
have an ADR, e.g., patients in the inpatient setting.12

Because 85% of our retrospective cohort reported a
reaction to amoxicillin or amoxicillin-clavulanate, the
standard PST protocol at our institution includes an
aminopenicillin despite there being no standardized
formulations for aminopenicillin skin testing. Of the
patients in the cohort, 4.1% had positive PST results
only to ampicillin. Analysis of these data indicated that
the addition of an aminopenicillin to the skin testing
regimen in pediatric patients may be of value, but it is
unclear whether a positive aminopenicillin skin test
represents true allergy or merely sensitivity.

In this cohort, 28.8% of the patients had positive PST
results, which was considerably higher than the
6–8.8% reported in other pediatric studies9,10,13 and
the 3.6% rate in the adult population.14,15 Interestingly,
the retrospective pediatric outpatient cohort in Jost et
al.10 (1979–1992) had a positive PST result prevalence
of 27%, which is similar to our data, but this dropped
to 6% in their prospective cohort (1993–2003). Jost et
al.10 theorized that this decline was due to changes in
antibiotic prescribing patterns, which is unlikely to
explain the findings in our study. Types of reagents
used and population characteristics, including age,
time since reaction, and gender, did not explain the
discrepancies.

It is possible that differences in the PST protocol and
reagent concentrations accounted for the higher posi-
tive PST rate in our study. For example, compared with
Fox and Park,9 our institution uses a higher concentra-
tion of PenG (10,000 versus 6000 units/mL), although
both concentrations are within the standard range. Fur-
thermore, for IDT, we administered 0.1 mL of the
reagent, whereas other studies in the pediatric popu-
lation use as little as 0.02 mL.16 Other reasons for

Table 2 Type of reaction

Patients,
no. (%)

Reaction
Rash 50 (65)
Hives 25 (32)
Angioedema 7 (9.1)
Respiratory symptoms 1 (1.3)
Gastrointestinal symptoms 0
Hemodynamic instability 0
Joint symptoms 2 (2.6)

Possible immunoglobulin E mediated 29 (38)
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false-positive results in PST include nonhistamine me-
diated reactions,17 hidden additives or irritant effect,18

and an increased rate of drug sensitivity when admin-
istered liquid penicillin that was not stored at �70°C.19

Statistical analysis failed to identify predictive
variables for positive PST results. Other studies
identified that having a shorter interval between
reaction and testing20 –22 and having a convincing
reaction history22–25 are correlated with a higher rate
of positive PST results. Whether we were unable to

detect these trends due to the small sample size or if
this did not apply to the pediatric outpatient popu-
lation is unclear. The lack of predictive values for
atopy, age at reaction,22,25,26 and IgE-mediated reac-
tion10 was consistent with previous studies.

The criterion standard for penicillin allergy is oral
challenge. In this cohort, two patients (3.2%) had a
minor ADR (rash) on taking amoxicillin after a nega-
tive PST result. This result was consistent with other
pediatric and adult studies, which calculated the rate

80 patients identified who 
underwent percutaneous 
skin testing0 patients positive by 

percutaneous skin prick testing

73 patients underwent 
intradermal testing (IDT)

21 patients positive on IDT 
52 patients negative on IDT 

Positive IDT Results
- PenG alone: 6 (8.2%)
- PrePen alone: 4 (5.5%)
- Ampicillin alone: 3 (4.1%)
- PenG+PrePen: 1 (1.4%)
- PenG+ampicillin: 6 (8.2%)
- PrePen+ampicillin: 0
- All reagents: 1 (1.4%)

62 patients underwent oral 
challenge

2 patients react to oral 
challenge

- Severe Reaction: 0
- Mild reaction: 2
- No reaction: 60

Figure 1. Penicillin skin testing and oral challenge
results.

Table 3 Positive PST by variable of interest

Positive PST, no. patients OR (95% CI)* p Value

Negative Positive

Asthma 0.585 (0.123–2.224) 0.557
No 37 17
Yes 15 4

Allergic rhinitis 0.910 (0.275–2.870) 0.999
No 31 13
Yes 21 8

Eczema 1.705 (0.381–6.998) 0.501
44 16
8 5

Food allergy 0.279 (0.006–2.325) 0.432
No 44 20
Yes 8 1

High-risk reaction 0 (0–13.050) 0.999
No 49 21
Yes 2 0

IgE-mediated symptoms 0.389 (0.096–1.343) 0.115
No 27 16
Yes 22 5

PST � Penicillin skin test; OR � odds ratio; CI � confidence interval; IgE � immunoglobulin E.
*ORs were calculated by conditional maximum likelihood estimation.
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of ADR to oral challenge as 1.4–3.8%9,13,27,28 in the
pediatric population and 1.2–3.2% in the adult popu-
lation.29 A recent study by Han et al.30 provided new
insight into false-negative skin testing results by de-
scribing the role that histamine and the Rho/Rho-as-
sociated protein kinase (ROCK) pathway play in non-
allergic non-IgE–mediated hypersensitivity reactions.
These studies collectively demonstrated that PST is
safe in the pediatric population.

It is interesting that none of our six patients with
positive PST results reacted on oral challenge. Al-
though there is likely selection bias because not all of
the patients with positive PST results were challenged,
this finding was inconsistent with previous data in the
pediatric and adult populations. Caubet et al.27 chal-
lenged 11 pediatric patients with positive PST results; 4
(36%) had an ADR. This inconsistency may be due to
differences in the study population. Compared with
other studies,10 the cohort in our study had a lower
pretest probability of penicillin allergy because only
38% had symptoms concerning for an IgE-mediated
reaction. Forty-seven percent of the patients in our
cohort underwent PST for a drug reaction history,
which consisted of a maculopapular non-urticarial rash
to amoxicillin or amoxicillin-clavulanate, but results of
a study indicate that 5–10% of all patients who receive
amoxicillin or ampicillin develop a delayed maculo-
papular rash, which is not an IgE-mediated reaction.31

The Joint Task Force on Practice Parameters11 still
suggests that patients with vague or mild reaction
histories undergo PST because a high percentage of
patients do have positive PST results.32,35 In European
studies, there is growing evidence that children with a
mild history of penicillin allergy may be able to pro-
ceed directly to oral challenge without skin test-
ing.4,5,34,35 In our cohort, �95% of the patients had a
history of mild reactions, there was a high PST posi-
tivity rate yet a normal ADR rate on oral challenge, and
a low positive predictive value (from a small sub-
group). These data add to the growing body of litera-
ture that suggests that large multicenter studies to
assess the safety of direct oral challenge without pre-
vious PST are needed.

We propose considering the utility of PST in the
outpatient pediatric clinic based on two variables:
whether the reaction history is concerning for an IgE-
mediated process, and the severity of initial reaction.

Patients for whom the initial reaction was mild and the
history was not consistent with an IgE-mediated pro-
cess may be able to proceed directly to oral challenge in
a controlled clinic setting as long as they are not med-
ically fragile. In Mill et al.,34 818 children with a history
of suspected drug allergy to amoxicillin proceeded
directly to oral challenge, of whom 94% tolerated the
drug and only 2.1% had immediate reactions, all of
which were mild, consisting only of hives. There is also
evidence in adult patients that, for patients at low risk
of ADR due to remote and mild reaction histories, the
rate of ADR to oral challenge is the same regardless of
PST results.24

However, patients with a history of reactions con-
cerning for an IgE-mediated process or who had more
severe drug reactions (angioedema, trouble breathing)
should proceed to PST first and then oral challenge
only if the PST result is negative. Those patients with
histories consistent with a severe non-IgE–mediated
reaction (Stevens-Johnson Syndrome/Toxic Epidermal
Necrolysis, Drug Reaction with Eosinophilia and Sys-
temic Symptoms, serum sickness) should avoid the
drug and do not need routine PST. In the inpatient
setting, patients have a higher pretest probability of
positive PST, a higher risk of having an ADR, and are
more likely to be unable to afford an ADR; thus PST in
the inpatient setting (ideally performed with all re-
agents including MDM) will continue to provide criti-
cal information in guiding antibiotic choices. (this
statement should cite reference 13 at the end).

There were several limitations to this study. It was a
retrospective chart review and, therefore, likely to un-
derrepresent patients at high risk, with anaphylactic
reactions, and who were unlikely to undergo PST.
There may also have been selection bias because not all
the patients with negative SPT results proceeded to
IDT and not all the patients with negative IDT results
proceeded to oral challenge. Also, this was a single-
institution study, and larger prospective studies are
needed in the ambulatory pediatric setting.

CONCLUSION
Given the high NPV of the current PST regimen in

the outpatient pediatric population, we do not recom-
mend additional testing with MDM. Despite this high
NPV, the utility of PST in this low-risk, low-pretest

Table 4 Logistic regression analysis to identify predictive variables for positive PST results

Estimate �SE OR (95% CI) p Value

Atopy �0.143 0.263 0.867 (0.504–1.430) 0.586
Time since reaction �0.037 0.056 0.964 (0.854–1.071) 0.513

PST � Penicillin skin test; SE � standard error; OR � odds ratio; CI � confidence interval.
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probability population was limited. Patients with mild
reaction histories and no clear IgE-mediated symptoms
may be able to proceed directly to oral challenge.
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