
Editorial
Bringing Data to Bear on the Mushy Middle: Riskier
Immediate Reactions to Penicillin
Cosby A. Stone, Jr., MD, MPHa, and Allison Ramsey, MDb,c Nashville, Tenn; Rochester, NY
Risk-stratified approaches to penicillin allergy labels have a
solid premise and a growing evidence base. Such approaches
posit that patients with low-risk penicillin allergy histories can be
challenged directly without prior skin testing, historical reactions
consistent with anaphylaxis should be skin tested before rechal-
lenge, and reactions consistent with severe delayed hypersensi-
tivity should lead to continued avoidance. When using skin
testing, our testing paradigms continue to improve as well;
knowledge of cross-reactivity patterns among b-lactams demon-
strates that many reactions are drug specific or restricted to
R-side chains.1-3 Within this context, the work by Romano et al4

in this issue of The Journal of Allergy and Clinical Immunology: In
Practice highlights key findings that help allergy/immunology
physicians risk stratify further. The paper provides specific
chronologic characteristics to apply when evaluating reactions
consistent with anaphylaxis not immediately classified as
low-risk. They might best be classified as dwelling in a “mushy
middle” zone (Figure 1) of potentially higher risk for
IgE-mediated allergy.

The key findings in this paper come from focusing on prob-
abilities for positive skin testing and a presumably true allergy
based on the chronological features of time from administration
to onset of symptoms. In their analysis, the authors studied adult
patients presenting for penicillin allergy evaluations and divided
them into 4 groups. Group A included patients with reaction
onset <1 hour after an initial dose; group B included patients
with reaction onset <1 hour after a subsequent dose; group C
included patients with reaction onset >1 hour �6 hours after an
initial dose; and group D included patients with reaction onset
>1 hour �6 hours after a subsequent dose. Two key features
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based on group A emerged. First, immediate hypersensitivity
reactions were much more likely to correspond with positive skin
testing when they appeared within an hour of dose administra-
tion. Second, immediate hypersensitivity reactions were much
more likely to correspond with positive skin testing when those
symptoms appeared on the first dose of a new treatment course.
When comparing the extremes of this paradigm, the authors
noted that the probability of positive testing ranged from 75%
positive testing in group A to 3% positive testing in group D,
with groups B and C having 26% and 33% positives, respec-
tively. This is exceedingly valuable pretest information.

These findings are slightly limited by the categorical nature of
the data obtained, in that the data were not collected in a
continuous fashion, only to the level of key cut points of �1 hour
or >1 hour to �6 hours. Hence, statistical models using regres-
sion techniques to create a continuous model of risk for positive
allergy testing based on time between administration of the drug
and the onset of the symptoms were not possible, and we are left
to presume that perhaps a reaction at 2 hours might be riskier for
positive testing than a reaction at 5 hours. However, one could
imagine in future directions that our field could create a multi-
factorial model of pretest probability for a positive penicillin al-
lergy test in a patient reporting immediate-type symptoms. Such a
construct could build upon this data and other models such as
PEN-FAST,5 to more critically evaluate the “mushy middle” zone
of reactions, represented in this study by groups B and C
(Figure 1). The goal would be to further refine when an allergist
really needs to perform either skin testing or desensitization. PEN-
FAST is a clinical decision tool where patients with a history of
penicillin allergy are risk stratified based on point totals. A reaction
<5 years is assigned 2 points, a history of anaphylaxis/angioedema
or a severe cutaneous reaction is assigned 2 points, and a reaction
requiring treatment is assigned 1 point. Totals of 0-2 are
considered low risk, and patients may be directly challenged to
penicillin-based antibiotics. Separate work has shown that recalling
the name of the antibiotic causing a reaction, a history of
anaphylaxis, and <1 year since a reaction are predictors for true
penicillin allergy.6 Prospectively validated current models of risk
stratifying penicillin allergy labels can currently carve off 60% to
70% of adult penicillin allergy labels as low risk enough to be
acceptable for a direct oral challenge, but perhaps a multifactorial
model based on the data from Romano et al and others could add
an additional 10% to 15% of systematically identified low-risk
patients. Future studies of positive penicillin allergy testing
should therefore seek to obtain 2 key chronological features: time
in minutes-hours from administration to the onset of symptoms
and also time that has elapsed between the reaction and an allergy/
immunology evaluation. Based on the analysis by Romano et al,
both of these continuous time variables appear to play a key role in
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FIGURE 1. Improving on the “mushy middle” of penicillin allergy labels. Greater understanding of the features of skin test positive
allergies where the recalled events are similar to anaphylaxis (such as in the paper by Romano et al) will allow for improved stratification
of those patients who are likely to test positive from those who are safe enough for a direct challenge. Greater knowledge of pretest
probabilities will inform and improve resource utilization by guiding the need for a direct challenge, skin testing, desensitization, or
continued avoidance. GI, Gastrointestinal; SCAR, severe cutaneous adverse reaction.
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whether or not a patient reporting immediate-type symptoms will
have a positive penicillin skin test.

The model of care described by Romano et al also suggests
that expeditious evaluation of penicillin allergy may be crucially
important in finding patients who are truly allergic. Because
Romano et al’s team has structured their capture of patients to
allow for rapid evaluation of recent reactions, they captured
many patients with positive testing. In addition, this strategy
mitigates the potential issue of poor patient recall, as it is likely
that details may be forgotten the further out a patient is from a
reaction. With their quick follow-up, Romano et al also
demonstrate some thought-provoking findings. A subset of
group A (patients experiencing symptoms <1 after adminis-
tration on the first dose) demonstrated negative skin testing
followed by negative oral challenges with penicillins. They were
then followed up 2-4 weeks later, with 20% showing some
evidence of sensitization upon repeat testing. This raises the
question as to whether patients who fall into this high-risk
group should be routinely re-evaluated, or whether they were
evaluated too early to show sensitization, or sensitized without
clinical allergy. It is also puzzling, given their tolerance of a
challenge.

Finally, another key finding from this paper is in the details.
Perhaps most important to determining what should be included
in a patient’s skin testing panel, the authors verified what has
been reported in other studies to date, namely, that piperacillin
allergies appear to demonstrate selectively positive skin testing to
piperacillin7,8 and not always to other reagents, and that
aminopenicillin reactors were very likely to test positive only to
aminopenicillins (Table VI, Romano et al).4 The aminopenicillin
findings may be less important in the United States because of
differences in observed sensitization patterns and b-lactam uti-
lization (intravenous [IV] amoxicillin and amoxicillin-clavulanate
are not in use for treatment in the United States).9 However,
Romano et al’s findings strongly suggest that piperacillin needs to
be included in a patient’s testing plan when it was the culprit
drug, and that aminopenicillins have additional utility for testing
a concerning severe clinical history of an immediate amino-
penicillin reaction to avoid a reaction during an amoxicillin
challenge.10 It is also increasingly feasible that sensitization pat-
terns to b-lactams vary by a country’s b-lactam utilization. The
IV route, when available, may be more likely to result in a
sensitization that corresponds with positive allergy testing, as was
recently observed for cephalosporins.11

In conclusion, Romano et al provide key pieces of information
that should be welcomed as a step in the right direction. They
highlight that “everything that sounds like anaphylaxis in terms
of symptomatology” is not equally risky in terms of “chronol-
ogy.” They also highlight that we still have much to learn about
sensitization patterns to penicillins and that what we should be
including in our “standard” testing panels may vary both by the
culprit drug and by geographic variations in antibiotic use.
Romano et al’s excellent paper also brings helpful data high-
lighting the potential for additional precision in our risk strati-
fication. Such precision will help to firm up the current “mushy
middle.”
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