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Background: The positive rate and pattern of pémakin testing (PST) has been reported to be
decreasing and changing. Previous studies diffemiich penicillin component is the dominant
component in positive PST.

Objective: This study was conducted to charactgyast and current PST patterns to determine
if different determinants in PST have changed awert

Methods: A retrospective review of electronic mediirecords (January 2001-December 2017)
was performed for patients who underwent PST. Baidivided into four cohorts to see if
trends occurred overtime. The cohorts were divaebllows: Cohort 1:2001-2005, Cohort 2:
2006-2010, Cohort 3: 2011-2015, and Cohort 4: 220867.

Results: 30,883 patients underwent PST with tHevohg breakdowns per cohort: Cohort 1-
6,536, Cohort 2- 10,372, Cohort 3- 10,640, CoheR3,335. 329 patients (1.0%) had a positive
PST & 3x3 wheal) with 110 in Cohort 1, 130 in Cohor6Z,in Cohort 3, and 22 in Cohort 4.
170 patients(0.5%) were positive witkeax5 wheal: Cohort 1- 54, Cohort 2- 72, Cohort 3-34,
Cohort 4- 10. When the positive PST rates (Cohott25%, Cohort 3: 0.6%, and Cohort 4:
0.6%) were compared to Cohort 1 (1.7%), there wsigraficant decrease in positive PST rates
(p 0.0278; <0.0001; <0.0001, respectively). Whehdt 1 positive rate to benzylpenicillin
polylysine among the positive PSY 8x3 wheal) was compared to the other cohorts (@stis
4), the percent positive of benzylpenicillin pgigine in PST was 27% compared to 21%
(p=0.38); 34% (p=0.5); 18% (p=0.6), respectivelyhal the positive PST was defined>as
5x5mm wheal, the positive rate for benzylpenicipiolylysine in PST increased overtime
(Cohort 2: 22% p=0.8; Cohort 3: 32% p=0.3; Cohod @%b, p=0.264) compared to Cohort 1
(19%).

Conclusion: Positive PST rate is decreasing. Weathstrate that despite benzylpenicillin
polylysine solely positive rates remaining relalyvstable, the minor penicillin determinants and
amoxicillin play an important role in PST and thettoption into standard protocol for routine
PST should be considered.

Highlights Box:

What is already known about this topic? PST ismajportant diagnostic tool in the evaluation of
IgE (immunoglobulin E)-mediated penicillin allergihe positive rate and pattern of PST has
been reported to be decreasing and changing.

What does this article add to our knowledge? Thta @hows the changes in positive PST over
time and suggests that using a combination of Wpamicillin polylysine and minor
determinants with amoxicillin in the evaluationpatients with history of penicillin allergy is
needed.
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How does this study impact current practice managemuidelines? The determinants used in
PST may need to be re-evaluated and include therrdeterminants and amoxicillin as standard
protocol.

Key Words: Drug Allergy; Allergic Reaction; Antiblig; Penicillin; Penicillin Skin Testing;
Benzyl-penicilloyl.

Abbreviations:
DRESS: Drug Rash with Eosinophilia and Systemic [@&pms
IgE: Immunoglobulin E

PST: penicillin skin test
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Introduction:

Penicillin and cephalosporin antimicrobials are tl@sses of-lactam antimicrobial agents that
are commonly associated with causing IgE-mediagp@fsensitivity reactions® The

prevalence of self-reported history of a penicitlitergy has been estimated to be 19fany of
these are not true IgE-mediated hypersensitivaresclinically significant penicillin
hypersensitivity is <5% and possibly as low as*1¥has previously been reported by Macy et
al’ that PST rates are falling overtime. However, finiding has not been recreated at a different

geographical location since 2007.

PST consists of both major and minor determinamnisdicate a possible hypersensitivity
reaction. The major determinant (benzylpenicillotyysine) is given that term because it
detects the greatest number of penicillin allepgitients when skin testing is administered. The
minor determinants (penicilloate and penicillin @gssium) help increase the sensitivity of
detecting penicillin allergy on skin testifgThe aminopenicillins, amoxicillin or ampicillin, @r
also agents that can be used in PST. Amoxicilliiareported allergy is increasing and has been
reported to be as high as 65% of patients withqiiniallergy.'® There are several studies that
have included amoxicillin skin testing in PST. #shbeen reported that up to 45% of patients that
test positive on PST tested positive solely toatmnopeniclling*°® The minor determinants
and amoxicillin are not standardized on PST inUhéed States. The only skin test agent that is
currently FDA approved is penicilloyl polylysirtdowever, there is recent literature studying the
use of a Penicillin Skin Test Kit that includeslbatinor determinant mixtures as well as
amoxicillin using FDA standardé.Amoxicillin is commonly used currently as a chatjen
material after skin testing is negative with peiogi polylysine and penicillin G! There has

been no recent data to assess whether benzylpienalylysine is currently the most
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commonly found determinant to be positive on PS8n¢¢, we conducted this study to
determine whether the positive rates of the varR8% components are changing in frequency,
to help determine the key components of the PST wdrether the overall rate of PST is

changing in a large US medical center.



134  Methods:
135  Sudy Population

136  This study was conducted as a retrospective asabfshe cohort of patients who underwent
137  PST at Mayo Clinic Rochester in the years 2001-28sZaptured in the electronic medical

138 record. Data software retrieval was utilized torsttee electronic medical record and identify
139  patients that underwent previous PST to creatdabdae. PST occurred in both the inpatient and
140  outpatient setting in patients specifically refdrfer reported penicillin allergy. A total of 30,88
141  PSTs were performed over this time frame. An addéi 1244 patients underwent PST.

142  However, they had a non-reactive histamine comatnol were excluded from the study

143 population. Patients were excluded from PST ifgheviously described reaction fiedactam

144  antibiotics included severe non IgE-mediated drygehsensitivity reactions such as major and
145  minor erythema multiform, DRESS syndrome (Drug Ragh Eosinophilia and Systemic

146  Symptoms), serum sickness, Steven-Johnson’s syrdiboxic epidermal necrolysis, hemolytic
147  anemia, etc. This study was approved by our irgtital review board. Data was divided into
148  four cohorts to see if trends occurred overtimes Thhorts were divided as follows: Cohort

149  1:2001-2005, Cohort 2: 2006-2010, Cohort 3: 201152@nd Cohort 4: 2016-2017.
150  Penicillin Skin Testing

151  PST was conducted by using benzylpenicilloyl paitg (Pre-PeR), penicillin G potassium

152 (Pfizerpem®), and penicilloate, as previously reportéd Commercially available Pre-Pen was
153  unavailable between the years of 2004-2010, andstitutionally derived benzylpenicilloyl

154  polylysine was used for PST. The penicilloate waslpced by reacting penicillin G with 1N
155  NaOH at a pH of 11.5 for 90 minutes, after whicé pH was adjusted to 7.4 by addition of 1N

156  HCI. The penicilloate was lyophilized and storéd@aC. The penicilloate was diluted with



157  phosphate-buffered saline to 0.01 mol/L and filetterough a 0.226m membrane for sterility
158  weekly to be used for PST. The aqueous penicdloats stored at 4° C. The benzylpenicilloyl
159  polylysine was used according to the manufactuiassuctions, and the penicillin G potassium
160 was used in a concentration of 6000 U/mL in phospbaffered saline. Amoxicillin was tested
161  at a concentration of 4 mg/mL. Penicillin G potassand amoxicillin are prepared weekly and
162  stored at 4° C for skin testing. Histamine at M@y mL was used as the positive control, and

163  the negative control was phosphate-buffered saline.

164  Prick skin tests were performed on the volar serfaicthe forearm with each penicillin and

165  control reagents. The skin test sites were examahd® minutes. A positive test result was

166  defined as a wheal of 3x3 mm or greater with acgumding zone of erythema above the negative
167  control. Patients with negative prick test restdtpenicillin underwent intradermal testing.

168 Intradermal skin tests were performed on the valaface of the forearm. The test reagents

169  were injected intradermally to produce an initiddeal of 2x2 mm. The skin test sites were

170  examined at 15 minutes. A positive intradermai wess defined as a wheal of 3x3 mm or

171  greater with a surrounding zone of erythema abbgenegative control. Patients with a wheal
172 but without a flare on the PCN skin test (skin brénd intradermal) were considered to be

173 equivocal and were included as a negative result.

174  Satistical Analysis

175  All demographic data was summarized using meaanrdstrd deviation for age and gender with
176  absolute number and percent. The overall podR&€ and different components of the skin test
177  (benzylpenicilloyl polylysine, penicillin G potassn, penicilloate, and amoxicillin) among the 4

178  different cohorts were summarized by absolute nusnéed percent. Multiple penicillin
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components could be positive on PST and therehisad reflected in our dataset by not having
all of the percent positives add up to 100 perc&mositive PST and the different components

of the PST were defined as a whealx#x3 mm or> 5x5 mm greater with a surrounding zone

of erythema above the negative control. Both atipesvheal 0f>3x3 mm or>5x5 mm were

used to account for different definitions of a piwsi PST:> %

Cohort 1 was used as the reference populationrtgpace the different cohorts (2-4). Using the
x2 test or Fisher’s exact test, we compared themdifices in the proportion of study cohort 1 and
cohorts 2 to 4 to the positive PST and the diffeR8IT components. P valgd.05 was

considered statistically significant.



198 Results:

199 A total of 30,883 patients underwent PST from Jayp@801-December 2017. 29,354 patients
200 underwent outpatient PST testing and 1,529 patieamdgrwent inpatient PST. 20,658 patients
201  were female and 10,225 patients were male. 1,32%esk patients were less than 18 and part of
202  our pediatric population. 48 patients tested pasiin the pediatric population (3.6%). Using a
203  3x3 wheal, 329 patients (1%) had a positive PSTehsing &5x5 wheal to determine PST
204  positivity, 170 patients (0.5%) had positive resuldf the 1,529 patients undergoing inpatient
205  PST, 29 patients (1.9%) had a positive PST witti3a3 wheal and 15 patients (1%) had a

206  positive PST with & 5x5 wheal. 300 patients (1%) out of 29,354 pasi¢ested in the outpatient
207  setting had a positive PST3x3 wheal and 155 patients (0.5%) with5x5 wheal. Of the 329
208  patients with PST positivity, 31 were male (9%) &98& were female (91%) (p <0.0001). Of the
209 170 patients that tested positi®x5 wheal, 48 were male (28%) and 122 were fen¥iéo) (p
210 <0.0001). In total, 139 patients were positive éadylpenicillin polylysine in the 3x3 wheal

211 group and 55 in the 5x5 wheal group. Fifty-five patients were positteePCN G in> 3x3

212 wheal group and 65 in tie5x5 wheal group. We compared the differences bmtvgelely

213 positive rates of benzylpenicillin polylysine anenicillin G on PST versus all the reagents

214  including major and minor determinants plus amadbkciin the> 3x3 wheal group

215 benzypenicillin polylysine and penicillin G showt following positive results per Cohort:
216  Cohort 1-35%, Cohort 2-52%, Cohort 3-47%, and Cole82%. Figure 1. The results in the
217  5x5 wheal group are as follows: Cohort 1-32%, CoBe54%, Cohort 3-47%, and Cohort 4-
218  50%. Figure 2. When using all reagents the pengesitive increased as high as 91% inxthe
219  3x3 wheal group and 100% in the5x5 wheal group. Both skin prick testing andad&rmal

220 testing was used to determine positive PST. A langgrity of our patients tested positive to
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intradermal testing. In the 3x3 wheal group, 94% of patients tested positiventradermal
testing (p < 0.0001). Of the5x5 wheal group, 17 (10%) were positive with priekting and
153 (90%) were positive with intradermal testings(p0001). Ninety percent of patients tested

positive with intradermal testing while only 10%ted positive via prick testing (p < 0.0001).

Positive results were classified on a yearly basts can be found in the supplement (Tables E1
and E2). The yearly results were then classifiéal thcohorts using different time frames:
Cohort 1:2001-2005, Cohort 2: 2006-2010, Coho2®:1-2015, and Cohort 4: 2016-2017.

These results are reflected in Tables 1 and 2.

Cohort 1:

6,536 patients underwent PST from 2001-2005. @$el6,536 patients, 110 patients had a
positive PST (1.7%) using=a3x3 wheal. Of those 110 patients with a positi$d P54 total
patients had benzylpenicillin polylysine positiv@8 total patients were positive to penicillin

G.39 total patients were positive to penicillo@4.patients were positive to amoxicillin.

54 patients (0.8%) had a positive PST usirgsx5 wheal. Of those 54 patients with a positive
PST, 19 total patients had benzylpenicillin polyhgspositivity, 19 to penicillin G, 15 to

penicilloate, and 17 to amoxicillin.

Cohort 2:

10,372 patients underwent PST from 2006-2010.h@d¢ 10,372 patients, 130 patients had a
positive PST (1.3%) usingza3x3 wheal. When comparing positive PST rates f@ohort 1 to
Cohort 2 there is a change from 1.7% to 1.25% Qp03). Of those 130 patients with a positive

PST, 52 total patients had benzylpenicillin polyhgspositivity.52 total patients were positive to
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penicillin G.36 total patients were positive to pdfoate.33 patients were positive to

amoxicillin.

72 patients (0.7%) had a positive PST usiagsa5 wheal. When comparing positive PST rates
from Cohort 1 to Cohort 2 there is a change fro8¥®to 0.7% (p =0.762). Of those 72 patients
with a positive PST, 19 total patients had benayigtin polylysine positivity..33 total patients
were positive to penicillin G.14 total patients @ositive to penicilloate.22 patients were

positive to amoxicillin.

Cohort 3:

10,640 patients underwent PST from 2011-2015.h@d¢ 10,640 patients, 67 patients had a
positive PST (0.6%) usingza3x3 wheal. When comparing positive PST rates f@ohort 1 to
Cohort 3 there is a change from 1.7% to 0.6% (0G8@L) Of those 67 patients with a positive
PST, 27 total patients had benzylpenicillin polyhgspositivity , 22 to penicillin G, 20 to

penicilloate, and 23 to amoxicillin.

34 patients (0.3%) had a positive PST usiagsa5 wheal. When comparing positive PST rates
from Cohort 1 to Cohort 3 there is a change fro8¥®to 0.3% (p <0.0001). Of those 34 patients
with a positive PST, 13 total patients had benayig#in polylysine positivity, 12 to penicillin

G, 12 to penicilloate, and 10 to amoxicillin.

Cohort 4:

3,335 patients underwent PST from 2016-2017. @$el8,335 patients, 22 patients had a
positive PST (0.6%) using=a3x3 wheal. When comparing positive PST rates f@ohort 1 to

Cohort 4 there is a change from 1.7% to 0.6% (pex0.0001) Of those 22 patients with a
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positive PST, 6 total patients had benzylpenicilotylysine positivity.5 total patients were
positive to penicillin G.7 total patients were go& to penicilloate.8 patients were positive to

amoxicillin.

10 patients (0.3%) had a positive PST usirgsx5 wheal. When comparing positive PST rates
from Cohort 1 to Cohort 4 there is a change fro&®to 0.3% (p value=0.0034). Of those 10
patients with a positive PST, 4 total patients hadzylpenicillin polylysine positivity, 1 to

penicillin G, 3 to peniclloate, and 3 to amoxidcilli

When the positive PST rates for8x3 wheal were compared from Cohort 2- 1.25%, @oBo
0.6%, and Cohort 4- 0.6% to Cohort 1-1.7%, thers avaignificant decrease in positive PST
rates (p 0.0278; <0.0001; <0.0001, respectiveliguie 3. Similar results were shown in the

5x5 wheal as positive PST decreased from 0.8%3% @p = 0.003).Figure 4.

In the> 3x3 wheal positive PST group, solely penicilloptsitivity increased from 8% in

Cohort 1 to 27% in Cohort 4 (p = 0.04). Figuresn8l &. The percent positive for each reagent on
a yearly basis can be found in the supplement (EgE1-E8).There was no significant
differences in sole benzylpenicillin polylysine sty in 3mm and 5 mm group, sole

amoxicillin positivity in either the 3 mm and 5 mmieal groups, and no significant difference

in the penicilloate data 5Smm wheal group.
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Discussion:

We found in a large population based study thaitiptg on PST continues to decrease over
time. This data supports the work of Macy &tahere it was shown that from 1995-2007, PST
positive rates had fallen. This is also in concaogawith other previous studies conducted in the
United States that have shown decreasing PST yigsiivertime'****We show that using

both a> 3x3 (Figure 1) and 5x5 (Figure 2) wheal as determining a positiven $&st shows a
decrease in skin test positivity overtime. The dase in clinically confirmed penicillin allergy
overtime is likely multifactorial. The patient pdation in whom are tested also affects the rate
of positive testing. For example, if the PST i¢yarsed for patients with a convincing history of
immediate adverse reaction (IgE-mediated) and highestest probability, the higher the rates of
PST positivity compared to testing of more libetafinition of a penicillin allergy. This is
supported by the increased likelihood of positivityPST when tested in the inpatient versus

outpatient testing.

In addition, the age at which testing occurs camigortant as well. We studied a small number
of pediatric patients and showed a relatively lpghcentage of positive results (3.5%) when
compared to our adult population. Another factosgibly contributing to decrease in PST
positivity over time is the length of time betwdesting and original reaction. The greater the
time interval from the initial reaction to PST, less likely a positive result will be record@df>

In addition the increase rate of penicillin allegyaluations secondary to increased antimicrobial
stewardship awareness could have also lead toatecie PST positivity overtime. Previous
studies have suggested that utilizing PST with kenicillin polylysine and penicillin G,
followed by a 250 mg oral amoxicillin challengedisth safe and effective in determining

penicillin tolerancé! N.F. Adkinson Jr. et # recently concluded after conducting a meta-
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analysis of 50 years of PST that without testingpienicillin minor determinants and amoxicillin
that patients with sensitivity to penicillin woube missed using the major determinant and
penicillin G alone. In that meta-analysis, only@®8% percent of patients were positive to the
major determinant mixture alone. By adding mindedainant testing, there was an increase in
PST positivity by 23-28%. Amoxicillin alone added iacrease in positivity by 2-8%. Our data
further supports this conclusion by showing a trehohcreasing positivity over time to the

minor determinants and amoxicillin.

It has been reported in European studies that asitioxallergy is increasing both by patient
report and on PS* It has been reported that a number of patientstéisapositive on PST
tested positive solely to amoxicillfi->*° Torres et df showed that amoxicillin positivity on

PST was the most common positive component on R& when co-testing with
benzylpenicillin polylysine and minor determinamtsre used. It has been recently reported by
Siew et al, that in the UK amoxicillin monosensitipn is common (48%) and that 70% of
patients had negative testing to both major andndeterminanté’ Solensky et &f showed

that the trend for increasing amoxicillin and migleterminant positivity on PST is also present
in the United States. Our data further confirmséhndings that the trend for minor
determinant and amoxicillin positivity is increagiavertimeWe demonstrate that despite
benzylpenicillin polylysine solely positive ratesmmaining relatively stable over time, the minor
penicillin determinants and amoxicillin play an ianfant role in PST and their adoption into

standard protocol for routine PST should be comsitie

The majority of patients that tested positive o R&re female. Of the 30,883 patients tested,
20,658 were female and 10,225 were male. Femalengaare more likely to state if they have a

penicillin allergy when compared to their male ctamparts. While our study shows that female
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positivity on PST is much larger than the male pafon, this could be more from referral bias
as females are more likely to have their penicdliiergy documented. Over 90% of patients in
the>3x3 wheal group were female. The overall numbewbeh female and male positivity
showed 91% were female and 9% were male (p < 0)0Silar results occurred in t&x5
wheal group. Of the 170 positive patients withsx5 wheal, 72% were female and 28% were
male (p < 0.0001). This confers with previouslyorpd trends that female sex may be a risk

factor for penicillin allergy.

One limitation of the study was that this studyluded retrospective data from a single
institution and with referral bias; this may afféloé generalizability of our findings. There was
no FDA approved product for Pre-Pen between thesya&a2004-2010.During that time, our
institution made our own Pre-Pen mixture and thay maffect the generalizability of our findings
as this was a mixture that was not standardizégeatime. In our study, we had a large number
of outpatient PST when compared to inpatient tgstWihile we still demonstrated a sizable
inpatient PST population, institutions where thganty of PST occurs in the inpatient setting
could affect results as well. In the smaller datgah&d, we demonstrated that inpatient PST
resulted in higher positivity and therefore couiiféet other sites where inpatient PST dominates.
Another limitation is that currently there is no AR@pproved agent that includes a mixture for
minor determinants or amoxicillin to be used folTPBloreover, as we made our own minor
determinant and amoxicillin mixture these resultsymot be generalizable to mixtures used at
other institutions. Hence, with our findings in &aduh to the recent findings of Solensky et al the
need for a FDA standard PST kit with minor deteianits and amoxicillin is needed now more

than ever to accurately find penicillin allergy skin testing.

Conclusion:
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Our study shows that the positive rate of PST oot to decrease with time. This is confirmed
in both the> 3x3 and> 5x5 wheal groups. Positivity to intradermal tegtis much larger than

by prick testing. Over 90% of patients were positbn intradermal testing alone. Females are
more likely to have a positive PST then male. Béayicillin polylysine and penicillin G

should not be the only determinants tested on F3fe other minor determinants and
amoxicillin are left out from PST, then a large ordy of patients with IgE-mediated positive

penicillin allergy could be missed.



372

373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411

References:

1. Blanca M, Fernandez J, Miranada A, Terrados S,eBav, Avila M, et al. Cross-
reactivity between penicillin and cephalosporirstical and immunological studies. J
Allergy Clin Immun 1989;83:381-385.

2. Anne S, Reisman RE. Risk of administering cephpadda antibodies to patients with
histories of penicillin allergy. Ann Allerg Asthmen 1995; 74: 167-170.

3. Assem ES, Vickers MR. Tests for penicillin alleigyman. Il. The immunological cross-
reaction between penicillins and cephalosporinsndmology. 1974;27:255-69.

4. Geng B. Utility of minor determinants in penicillalergy skin testing. World Allergy
Organization Journal 2015;8(S1). doi:10.1186/1939148-s1-a228.

5. Shenoy ES, Macy E, Rowe T, Blumenthal KG. Evaluataod Management of Penicillin
Allergy. JAMA 2019;321(2):188. doi:10.1001/jama.3019283.

6. Macy E. The Falling Rate of Positive Penicillin &Kiests from 1995 to 2007. The
Permanente Journal 2009;13(2). doi:10.7812/tpp/B-0

7. Fox S, Park MA. Penicillin skin testing in the avation and management of penicillin
allergy. Annals of Allergy, Asthma & Immunology 20106(1):1-7.
doi:10.1016/j.anai.2010.05.010.

8. M.A. Park, D. Matesic, P.J. Markus, J.T. Li. Femsd& as a risk factor for penicillin
allergy. Ann Allergy Asthma Immunol 99 (2007), fit-58.

9. Confino-Cohen R, Rosman Y, Lachover |, Shafrir KBldberg A. The Importance of
Amoxicillin and Amoxicillin-Clavulanate Determinasin the Diagnosis of Immediate
Allergic Reactions t@-Lactams. International Archives of Allergy and Imnology
2016;170(1):62-66. d0i:10.1159/000446961.

10.Blanca-Lopez N, Perez-Alzate D, Ruano F, Garcimavtj de la Torre V, Mayorga C, et
al. Selective immediate responders to amoxiciltid elavulanic acid tolerate penicillin
derivative administration after confirming the diagis. Allergy 2015;70(8):1013-1019.
doi:10.1111/all.12636.

11.Macy EM, Ngor E. Safely Diagnosing Clinically Sifjnant Penicillin Allergy with Only
Penicilloyl-Poly-Lysine, Penicillin, and Oral Amailin. Journal of Allergy and Clinical
Immunology 2013;131(2). doi:10.1016/j.jaci.201211409.

12. Adkinson Jr. NF, Mendelson LM, Ressler C, KeoghBénicillin minor determinants.
Annals of Allergy, Asthma & Immunology 2018;121(&37-544.
doi:10.1016/j.anai.2018.09.459.

13.Macy E, Goldberg B, Poon KWT. Use of commerciai-penicillin-IgE FEIAs
to diagnose penicillin allergy. Ann Allergy Asthniramunol 2010;105:136-41.

14.Park MA, Matesic D, Markus PJ, Li JTC. Female se® aisk factor for penicillin
allergy. Ann Allergy Asthma Immunol 2007;99:54-8.

15.Greenberger PA, Avilia P, Ditto A, Grammer LC, Ma&@Br K, Peters AT, et al.Skin
testing and graded challenges for meropenem hyp&tiséty in penicillin allergic
subjects. J Allergy Clin Immunol 2012;129. AB10bstaact 382.



412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438

439

440

441

442

443

444

445

446

16.Torres MJ, Romano A, Mayorga C, Moya MC, Guzman REche M, et al. Diagnostic
evaluation of a large group of patients with imnageliallergy to penicillins: the role of
skin testing. Allergy 2001;56:850—-856

17.Voss HE, Redmond AP, Levine BB. Clinical detectafrthe potential allergic reactor to
penicillin by immunologic tests. JAMA 1966; 196/%

18.Solley GO, Gleich GJ, Van Dellen RG. Penicilliteady: clinical experience with a
battery of skin-test reagents. J Allergy Clin Immalri982; 69:238-244.

19.Gadde J, Spence M, Wheeler B, Adkinson NF, Jr.i€irexperience with penicillin skin
testing in a large inner-city STD clinic. JAMA 199370:2456-63.

20.Sogn DD, Evans R, 3rd, Shepherd GM, Casale TB, @wond, Greenberger PA, et al.
Results of the National Institute of Allergy anddatious Diseases Collaborative Clinical
Trial to test the predictive value of skin testinigh major and minor penicillin
derivatives in hospitalized adults. Archives ofelmtal Medicine 1992; 152:1025-32.

21. Sullivan TJ,Wedner J,Shatz GS,Yecies LD,Parker Skiih testing to detect penicillin
allergy. J Allergy Clinimmunol 1981;68:171-180.

22.Torres MJ, Blanca M, Fernandez J, Romano A, WecKkl#erer W, et al. Diagnosis of
immediate allergic reactions to beta-lactam antitso Allergy 2003;58:961-972.

23.Blanca M, Torres MJ, Garcia JJ, Romano A, MayorgdéCRamon E, et al. Natural
evolution of skin test sensitivity in patients affie to bet-alactam antibiotics. J Allergy
Clin Immunol 1999;103:918-924.

24.Solensky R, Jacobs J, Lester M, Lieberman P, Me@igff, Nilson, T, et al. Penicillin
Allergy Evaluation: A Prospective, Multicenter, @pkabel Evaluation of a
Comprehensive Penicillin Skin Test Kit. The Jourmiahllergy and Clinical
Immunology: In Practice. 2019;7(6):1876-1885.

25.Siew LQC, Li PH, Watts TJ, Thomas I, Ue KL, Caball®R, et al. Identifying Low-
Risk Beta-Lactam Allergy Patients in a UK Terti&@gntre. The Journal of Allergy and
Clinical Immunology: In Practice. 2019;7(7):21738321



447

448

449

450
451

452
453

454

455

456

457

FigureLegend:
Table 1> 3x3 wheal PST results for Cohorts 1-4
Table 2:> 5x5 wheal PST results for Cohorts 1-4

Figure 1: Comparison of Solely Pre-Pen and PCN @lIMReagents by Cohort in 3x3 Wheal
Group

Figure 2: Comparison of Solely Pre-Pen and PCN @lIMReagents by Cohort in 5x5 Wheal
Group

Figure 3: PST Percent Positive8x3 Wheal
Figure 4: PST Percent Positivésx5 Wheal
Figure 5: Cohort Percent of Each Solely Positiv& E&mponent ire 3x3 Wheal Group

Figure 6: Cohort Percent of Each Solely Positivé E®mponent ir 5x5Wheal Group



Table 1: > 3x3 wheal PST resultsfor Cohorts 1-4:

Cohort | #pts | Total Total | Solely | Total | Solely | Total Solely Total Solely
tested | number | Pre- Pre- PCN PCN Penicilloate | Penicilloate | Amoxicillin | Amoxicillin
of Pen Pen G G
positive
PST
patient
results
1 6536 | 110 54 30 38 12 39 (35%) 9 (8%) 34 (31%) 13 (12%)
(2001- (1.7%) | (49%) | (27%) | (35%) | (11%)
2005)
2 10372 | 130 52 27 52 49 36 (28%) 20 (15%) 33 (25%) 28 (22%)
(2006- (1.3%) | (40%) | (21%) | (40%) | (31%)
2010)
3 10640 | 67 27 23 22 9 29 (30%) 7 (15%) 23 (34%) 11 (16%)
(2011- (0.6%) | (40%) | (34%) | (33%) | (13%)
2015)
4 3335 | 22 6 4 5 3 7 (32%) 6 (27%) 8 (36%) 7 (32%)
(2016- (0.6%) | (27%) | (18%) | (23%) | (14%)
2017)
Table 2: >5x5 wheal PST resultsfor Cohorts 1-4:
Cohort | #pts | Total Total | Solely | Total | Solely | Total Soldy Total Solely
tested | number | Pre- Pre- PCN PCN Penicilloate | Penicilloate | Amoxicillin | Amoxicillin
of Pen Pen G G
positive
PST
patient
results
1 6536 | 54 19 10 19 7 15 (28%) 7 (13%) 17 (31%) 12 (22%)
(2001- (0.8%) | (35%) | (19%) | (35%) | (13%)
2005)
2 10372 | 72 19 16 33 23 14 (19%) 7 (10%) 22 (31%) 14 (19%)
(2006- (0.7%) | (26%) | (22%) | (46%) | (32%)
2010)
3 10640 | 34 13 11 12 5 12 (35%) 5 (10%) 10 (29%) 5 (15%)
(2011- (0.3%) | (38%) | (32%) | (35%) | (15%)
2015)
4 3335 |10 4 4 1 1 3 (30%) 3 (30%) 3 (30%) 2 (20%)
(2016- (0.3%) | (40%) | (40%) | (10%) | (10%)
2017)




Figure 1: Comparison of Solely Pre-Pen and PCN G vs All Reagents by Cohort in > 3x3
Wheal Group
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Figure 2: Comparison of Solely Pre-Pen and PCN G vs All Reagents by Cohort in > 5x5
Wheal Group
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Figure 3: PST Percent Positive > 3x3 Wheal Group
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Figure 4: PST Percent Positive > 5x5 Wheal Group
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Figure 5: Cohort Percent of Each Solely Positive PST Component in > 3x3 Wheal Group
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Figure 6: Cohort Percent of Each Solely Positive PST Component in> 5x5Wheal Group
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Figure E1: Yearly Percent of Each Solely Positive PST Component in > 3x3 Wheal Group

from 2001-2005
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Figure E2: Yearly Percent of Each Solely Positive PST Component in > 3x3 Wheal Group
from 2006-2010
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Figure E3: Yearly Percent of Each Solely Positive PST Component in > 3x3 Wheal Group
from 2011-2015
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Figure E4: Yearly Percent of Each Solely Positive PST Component in > 3x3 Wheal Group

from 2016-2017
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Figure ES: Yearly Percent of Each Solely Positive PST Component in > 5x5 Wheal Group

from 2001-2005
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Figure E6: Yearly Percent of Each Solely Positive PST Component in > 5x5 Wheal Group
from 2006-2010
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Figure E7: Yearly Percent of Each Solely Positive PST Component in > 5x5 Wheal Group

from 2011-2015
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Figure E8: Yearly Percent of Each Solely Positive PST Component in > 5x5 Wheal Group

from 2016-2017
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Supplemental Figure L egend:
Table E1: Yearly PST results for > 3x3 wheal positivity
Table E2: Yearly PST results for > 5x5 wheal positivity

Figure E1: Y early Percent of Each Solely Positive PST Component in > 3x3 Wheal Group from
2001-2005

Figure E2: Y early Percent of Each Solely Positive PST Component in > 3x3 Wheal Group from
2006-2010

Figure E3: Y early Percent of Each Solely Positive PST Component in > 3x3 Wheal Group from
2011-2015

Figure E4: Y early Percent of Each Solely Positive PST Component in > 3x3 Wheal Group from
2016-2017

Figure E5: Y early Percent of Each Solely Positive PST Component in > 5x5 Wheal Group from
2001-2005

Figure E6: Y early Percent of Each Solely Positive PST Component in > 5x5 Wheal Group from
2006-2010

Figure E7: Y early Percent of Each Solely Positive PST Component in > 5x5 Wheal Group from
2011-2015

Figure E8: Y early Percent of Each Solely Positive PST Component in > 5x5 Wheal Group from
2016-2017



TableE1L: Yearly PST resultsfor > 3x3 wheal positivity

Year | #pts | Total Total Solely | Total Solely Total Solely Total Solely
tested | number | Pre- Pre- PCN PCN G | Penicilloate | Penicilloate | Amoxicillin | Amoxicillin

of Pen Pen G
positive
PST
patient
results

2001 | 652 8 5 1 4 0 (0%) 3 (38%) 0 (0%) 3 (38%) 1(13%)
(1.2%) (63%) (13%) | (50%)

2002 | 1149 | 24 16 6 10 3(13%) | 7 (29%) 1(4%) 7 (29%) 2 (8%)
(2.1%) (67%) (25%) | (42%)

2003 | 1596 | 30 17 11 8 5(17%) | 9(30%) 2 (7%) 8 (27%) 3 (10%)
(1.8%) (57%) (837%) | (27%)

2004 | 1558 | 19 11 9 6 3(16%) | 4 (21%) 1(5%) 3 (16%) 1(5%)
(1.2%) (58%) (47%) | (32%)

2005 | 1581 | 29 5 3 10 1(3%) 16 (55%) 5 (17%) 13 (45%) 6 (21%)
(1.8%) (17%) (10%) | (34%)

2006 | 1781 | 24 5 4 15 11 4(17%) 4 (17%) 3 (13%) 2 (8%)
(1.3%) (21%) (17%) | (63%) | (46%)

2007 | 1919 | 35 6 6 12 9(26%) | 11 (31%) 7 (20%) 11 (31%) 9 (26%)
(1.8%) (17%) (17%) | (34%)

2008 | 2079 | 24 24 6 4 12 7 (29%) 5 (21%) 2 (8%) 9 (38%)
(1.1%) (100%) | (25%) | (17%) | (50%)

2009 | 2218 | 23 6 2(9%) | 12 3(13%) | 10 (43%) 2(9%) 11 (48%) 6 (26%)
(1.0%) (26%) (52%)

2010 | 2375 | 24 11 9 9 5(21%) | 4 (17%) 2 (8%) 6 (25%) 2 (8%)
(1.0%) (46%) (38%) | (38%)

2011 | 2512 | 15 8 7 4 1(7%) 5 (33%) 1(7%) 3 (20%) 2 (13%)
(0.6%) (53%) (47%) | (27%)

2012 | 2307 | 11 1(9%) | 1(9%) |3 3(27%) | 4 (36%) 4(36%) 3(27%) 3(27%)
(0.5%) (27%)

2013 | 1987 | 16 5 4 5 1(6%) 7 (44%) 1(6%) 9 (56%) 3 (19%)
(0.8%) (31%) (25%) | (31%)

2014 | 1912 | 19 12 10 7 2(11%) | 4 (21%) 1(5%) 5 (26%) 1(5%)
(0.9%) (63%) (53%) | (37%)

2015 | 1922 | 6 1 1 3 2(33%) | 0(0%) 0 (0%) 3 (50%) 2 (33%)
(0.3%) (17%) (17%) | (50%)

2016 | 1856 | 7 4 4 1 1(14%) | 0(0%) 0 (0%) 2 (29%) 2 (29%)
(0.3%) (57%) (57%) | (14%)

2017 | 1479 | 15 2 0(0%) | 4 2 (13%) | 7 (47%) 6 (40%) 6 (40%) 5 (33%)
(1.0%) (13%) (27%)

Total | 30883 | 329 139 84 117 64 102 (31%) 42 (13%) 98 (30%) 59 (18%)
(1.0%) (42%) (26%) | (36%) | (19%)




TableE2: Yearly PST resultsfor > 5x5 wheal positivity:

Year | #pts | Total Total Soldy | Total | Solely Total Soldy Total Solely
tested | number | Pre-Pen | Pre- PCN PCN G Penicilloate | Penicilloate | Amoxicillin | Amoxicillin
of Pen G
positive
PST
patient
results
2001 | 652 5(0.7%) | 2(40%) | 0(0%) | 2 1(20%) | 2 (40%) 0 (0%) 2 (40%) 1(20%)
(40%)
2002 | 1149 | 9(0.7%) | 5(56%) | 2 5 1(11%) | 1(11%) 1(11%) 2 (22%) 1(11%)
(22%) | (56%)
2003 | 1596 | 11 5(45%) | 3 2 1(9%) 2 (18%) 0 (0.0%) 4(36%) 3(27%)
(0.7%) (27%) | (18%)
2004 | 1558 | 7(0.4%) | 3(43%) | 2 3 2(29%) | 2(29%) 1(14%) 1(14%) 0 (0%)
(29%) | (43%)
2005 | 1581 | 22 4(18%) | 3 7 2 (9%) 8 (36%) 5(23%) 8 (36%) 7 (32%)
(1.3%) (14%) | (32%)
2006 | 1781 | 20 3(15%) | 3 11 10 4 (20%) 3 (15%) 3 (15%) 3 (15%)
(1.1%) (15%) | (55%) | (50%)
2007 | 1919 | 18 3(17%) | 3 8 6 (33%) | 3(17%) 2 (11%) 6 (33%) 5 (28%)
(0.9%) (17%) | (44%)
2008 | 2079 | 10 3(30%) | 2 6 3(30%) | 2(20%) 0 (0%) 4 (40%) 2 (20%)
(0.5%) (20%) | (60%)
2009 | 2218 | 12 3(25%) | 2 5 3(25%) | 3(25%) 1(8%) 6 (50%) 3 (25%)
(0.5%) (17%) | (42%)
2010 | 2375 | 12 7(58%) | 6 3 1(8%) 2 (17%) 1(8%) 3 (25%) 1(8%)
(0.5%) (50%) | (25%)
2011 | 2512 | 5(0.2%) | 4(80%) | 4 1 0 (0%) 1(20%) 0 (0%) 0 (0%) 0 (0%)
(80%) | (20%)
2012 | 2307 | 4(0.2%) | 0(0%) |0(0%) |1 1(25%) | 2(50%) 2 (50%) 1(25%) 1(25%)
(25%)
2013 | 1987 | 10 2(20%) | 1 4 2 (20%) | 5(50%) 2 (20%) 5 (50%) 2 (20%)
(0.5%) (10%) | (40%)
2014 | 1912 | 13 7(54%) | 6 5 1(8%) 4 (31%) 1(8%) 3 (23%) 1(8%)
(0.6%) (46%) | (38%)
2015 | 1922 | 2(0.1%) | 0(0%) |0(0%) |1 1(50%) | 0(0%) 0 (0%) 1 (50%) 1(50%)
(50%)
2016 | 1856 | 4(0.2%) | 3(75%) | 3 0 0 (0%) 0 (0%) 0 (0%) 1(25%) 1(25%)
(75%) | (0%)
2017 | 1479 | 6(04%) | 1(17%) | 1 1 0 (0%) 3 (50%) 3 (50%) 2 (33%) 1(17%)
(A7%) | (17%)
Total | 30883 | 170 55 41 65 35 44 (26%) 22 (13%) 52 (31%) 33 (19%)
(0.5%) (32%) (24%) | (38%) | (21%)




