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Abstract

Background: Penicillins are the most commonly prescribed antibiotics; however, penicillin allergy (PA) labels are highly  
prevalent and often inaccurate, leading to suboptimal antibiotic selection use. In Mainland China, PA mislabeling is 
exacerbated by inappropriate penicillin skin testing (PST) practices. Nurses play a crucial role in assessing and labeling 
suspected PA, but the lack of systematic, evidence-based training limits their ability to address mislabeling effectively.

Objective: To evaluate the impact of a structured one-day PA training course targeting nurses on their knowledge and 
self-reported confidence in PA assessment and skin testing practices.

Methods: A quasi-experimental pre- and post-test design was employed with 60 nurses in Mainland China who 
completed training course. Knowledge and self-reported confidence were assessed using a standardized 0–100  
questionnaire (≥70=satisfactory) before training and at 1-month follow-up. Baseline results were also compared with 
those of nurses in Hong Kong.

Results: At baseline, overall knowledge did not differ significantly between Chinese Mainland and Hong Kong nurses,  
but Mainland nurses scored lower on PST–related practical knowledge questions (63.5 ± 32.9% vs. 56.6 ± 23.6%;  
p = 0.031). Following the training, there were significant improvements in both knowledge (64.3 ± 18.8 to 86.9 ± 9.9; 
p < 0.001) and self-reported confidence (72.0 ± 12.6 to 81.9 ± 8.7; p < 0.001). The proportion achieving a “satisfactory” 
score increased from 45.0% to 93.3% (p < 0.001).

Conclusion: A structured one-day training program significantly enhanced nurses’ knowledge and confidence in PA 
assessment and PST. These findings support the integration of standardized, evidence-based PA training into nursing 
curricula, which may contribute to reducing mislabeling and promoting optimal antibiotic stewardship.

Key words: allergy, education, labelling, nurses, penicillin, practice, skin tests 

Citation: 
Duan, X., Shi, W., Huang, J., Yang, L., Lee, E., Leung, G. K.C., 
Chen, M., He, X., Liu, H., Li, P. H. (0000). Reducing penicillin 
allergy mislabelling: A one-day structured training program  
improves nurses’ knowledge and self-reported confidence in 
allergy assessment and skin testing. Asian Pac J Allergy Immunol, 
00(0), 000-000. https://doi.org/10.12932/ap-270226-2243

Affiliations: 
1	 Division of Rheumatology & Clinical Immunology,  

Department of Medicine, Queen Mary Hospital,  
University of Hong Kong, Hong Kong SAR, China

2	 Division of Rheumatology & Clinical Immunology,  
Department of Medicine, University of Hong Kong-Shenzhen Hospital,  
Shenzhen, Guangdong, China

3	 Dermatology Hospital, Southern Medical University,  
Guangdong Provincial Center for Skin Diseases and STD Control, 
Guangzhou, China

Corresponding author:
Philip H. Li 
NCB303, Queen Mary Hospital, The University of Hong Kong,  
102 Pokfulam Road, Pokfulam, Hong Kong SAR, China 
E-mail: liphilip@hku.hk



Asian Pac J Allergy Immunol DOI 10.12932/AP-270226-2243

Introduction 
Penicillins remain the most widely prescribed class of  

antibiotics and their appropriate use remains a cornerstone 
of antimicrobial stewardship.1-3 Paradoxically, they are also 
the most commonly reported drug allergy, accounting for 
over half of all drug allergy labels in Mainland China and  
prevalence estimates ranging from 5-10% globally.4-7 However,  
about 90% of reported penicillin “allergies” (PA) are found 
to be incorrect after clinical evaluation.8-11 This pervasive  
mislabeling drives the unnecessary use of broader-spectrum 
antibiotics, contributing directly to adverse patient outcomes, 
including increased rates of multidrug-resistant organism 
(MDRO) infections.12-18 

The high rate of PA mislabeling is closely related to both 
healthcare providers’ misjudgment and widespread variation 
in clinical practices and policies for allergy assessment.11,19,20  
A particularly problematic practice in certain settings, including  
Mainland China, is the routine mandatory pre-emptive  
penicillin skin testing (PST) to all patients before any penicillin  
prescription, irrespective of clinical history.21-24 In contrast to 
regions such as Hong Kong (Special Administrative Region of 
China), where PST is reserved for patients with a history of 
suspected PA, this universal approach lacks risk stratification  
and clinical context. Evidence indicates it yields a false-positive  
rate exceeding 99%, thereby systematically reinforcing inaccurate  
allergy labels.25,26 Compounding this issue, the procedural  
execution of PST itself (including drug dilutions, intradermal 
injection volumes, and the interpretation of positive readings) 
often diverges from international, evidence-based standards, 
further undermining test reliability.27,28 Within this context, 
nurses occupy a decisive role, as they perform and interpret  
over 95% of PSTs in China.29 As the largest segment of the 
healthcare workforce, nurses are optimally positioned as  
essential agents for improving PA assessment and advancing 
antimicrobial stewardship.30-33 

Despite this pivotal role, significant gaps persist in nurses’ 
knowledge of evidence-based PA evaluation, documentation, 
and the appropriate use of diagnostic tools like PST. While 
innovative multidisciplinary and training programs such as 
the nurse-led Hong Kong Drug Allergy Delabeling Initiative  
(HK-DADI) and the AI-assisted drug allergy education courses  
for physicians have demonstrated success, no structured  
training framework currently exists to equip frontline nurses 
with standardized, risk-stratified competencies aligned with 
international best practices.34-37 

To address this gap, we developed and implemented a 
structured, one-day training course specifically designed for 
nurses. Using a quasi-experimental pre- and post-test design, 
this study evaluates the program’s impact on participants’ 
knowledge, self-rated confidence in clinical decision-making,  
and willingness to adopt evidence-based, risk-stratified and 
procedurally standardized practices in real-world clinical  
settings. 

Methods 
This study employed a single-group, quasi-experimental 

design with pre- and 1-month follow-up post-tests, conducted  
at Guangdong Dermatology Hospital in China. All nurses 
enrolled in the structured, one-day PA training course were  
invited to participate. Eligibility for the final matched analysis  
required the provision of complete responses to both the 
pre-training and 1-month follow-up questionnaires. Ethical 
review exemption was granted for this study as it constituted 
a program evaluation of a training program, did not involve 
patient information, and utilized anonymous questionnaires 
as a standard component of course assessment.

The one-day training program was structured into two 
core components. The didactic lectures were delivered by 
experienced allergy clinicians and specialist nurses from  
Hong Kong and focused on essential knowledge, with 
a particular emphasis on international standards for  
evidence-based PST practices and interpretation. The second  
component was a hands-on practical session led by the 
same instructors, utilizing simulated model arms to facilitate  
realistic practice of both skin prick and intradermal testing  
techniques, which included a live demonstration followed by 
supervised skills practice.

Outcomes were measured using a series of anonymous, 
matched questionnaires developed with expert input and  
refined through a pilot test with five nurses, who conducted  
a pre-survey to ensure the clarity and comprehensibility  
of the questionnaire content (for details, please refer to  
Supplementary Text 2). The pre-training questionnaire  
collected demographic data and assessed baseline states  
using a 12-item multiple-choice knowledge test covering  
core penicillin allergy (PA) concepts (comprising 4 items on 
theory and 8 items on practical skills), which was designed  
by experienced allergy clinicians and covered content  
directly relevant to penicillin allergy delabelling (international  
standards, skin test interpretation, reaction types,  
and standardized procedures) to reflect nurses’ baseline  
and 1-month follow-up knowledge and confidence in  
performing penicillin skin testing. A cut-off score of ≥ 70%  
(determined via contrasting groups validation: experienced 
vs. non‑experienced nurses, 84.7% vs. 48.6%, p = 0.007) 
was established to define “satisfactory” performance on the 
knowledge test (see Supplementary Text 1). Additionally,  
a 4‑item scale measured self‑rated confidence in various  
aspects of PA testing, ranging from 0 (‘not confident’) to 5 
(‘very confident’).

The immediate post-course questionnaire re-administered 
course feedback items. The 1-month follow-up questionnaire 
re-evaluated both knowledge and self-reported confidence.  
To provide a benchmark for the baseline data, the pre-training  
knowledge scores of the Mainland Chinese nurses were also 
compared with those from a reference cohort of nurses in 
Hong Kong who had completed the same questionnaire.

In procedure, the pre- and immediate post-course  
questionnaires were administered in paper form at the course 
venue. The 1-month follow-up was conducted remotely.  
To enable matching while preserving anonymity, participants  
created a unique, anonymous code for all surveys.
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Sample size calculation was performed using the G*power 
application version 3.1, with a total of 54 participants required 
to detect a medium effect size of 0.50 with a power of 0.95 
and a two-sided significance level of 0.05. Data from matched 
responses were analysed using SPSS version 24.0. The 0-5 
scores were converted to a 0-100 scale by dividing by 5 and 
multiplying by 100 to express them as percentages, and both 
knowledge and confidence scores were reported accordingly.  
Changes in knowledge scores and confidence scores from 
pre- to 1-month follow-up were analysed using paired-sample 
t-tests. An independent samples t-test was used to compare 
baseline knowledge scores between the Mainland Chinese and 
Hong Kong nurse cohorts. The change in the proportion of 
participants achieving a satisfactory knowledge score (≥ 70%) 
was assessed using McNemar’s test. All tests were two-sided, 
with a p-value < 0.05 deemed statistically significant. 

with a median age of 32 years (Range: 18–46) and a  
median of 10 years (Range: 1–27) of nursing experience. The 
vast majority (55/60, 91.6%) reported extensive experience  
in performing PST, with over half (38/60, 63.3%) having  
conducted more than 50 tests in their career. Among nurses  
with significant testing volume, the self-reported estimated 
positive PST rate in the Mainland cohort was 22% (Range: 
17.6–26.6%). In contrast, while the Hong Kong reference 
cohort (n = 12) was generally older and more experienced 
(median age: 40 years; median experience: 15 years), they 
reported performing far fewer PSTs, with 91.6% (11/12)  
having conducted fewer than 10 PST and encountering a lower  
self-reported estimated positive rate (11%). 

Baseline knowledge and self-reported confidence were 
compared between the Mainland cohort and the Hong Kong 
reference group (Table 2). No significant difference was 
found in total knowledge scores (Mainland: 64.3 ± 18.8% vs.  
Hong Kong: 68.0 ± 23.0%; p = 0.060). However, Hong Kong 
nurses scored significantly higher on PST-related practical 
knowledge questions (Hong Kong: 63.5 ± 32.9% vs. Mainland: 
56.6 ± 23.6%; p = 0.031). In terms of self-report confidence,  
Hong Kong nurses reported significantly higher confidence 
in diagnosis (75.0 ± 12.4% vs. 63.0 ± 19.3%; p = 0.015),  
labelling/delabelling (83.3 ± 16.7% vs. 61.3 ± 22.1%; p < 0.001),  
and in composite self-report confidence scores (82.1 ± 8.4% 
vs. 72.0 ± 12.6%; p = 0.003). 

Table 1. Baseline demographics and experience of participating nurses, compared to reference Hong Kong cohort. 

Participating Nurses 
(n = 60)

Hong Kong Cohort
(n = 12)

Sex

Female 59 (98.3) 5 (83.3)

Age

Median (Range) 32.00 (18–46) 40.00 (38–48)

Years of experience in nursing

Median (Range) 10.00 (1–27) 15.00 (2–25)

Lifetime number of tests if ever performed

Fewer than 10 times 5 (8.3) 11 (91.6)

11–50 times 17 (28.3) —

51–100 times 26 (43.3) 1 (8.3)

More than 100 times 12 (20.0) —

Estimated prevalence of positive PST 22% (17.6–26.6) 11% (5.6–18.8%)

Results 
A total of 66 nurses completed the one‑day training,  

among whom six had incomplete or unmatched questionnaires  
at follow‑up points, resulting in a final sample of 60 nurses  
in Mainland China (effective response rate: 90.9%) who  
completed all associated questionnaires. The baseline  
characteristics of the participants, compared to a reference  
cohort from Hong Kong, are detailed in Table 1. The  
Mainland cohort was predominantly female (59/60, 98.3%), 
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Following training, participating nurses demonstrated 
significant improvements in all assessed domains (Table 3,  
Figure 1). Total knowledge scores increased from 64.3 ± 18.8%  
to 86.9 ± 9.9% (p < 0.001). The proportion of nurses achieving  
a satisfactory score (≥ 70%) rose from 45.0% (27/60) to 93.3% 
(56/60) (p < 0.001). Notably, scores in PST-related practical 
knowledge showed the greatest magnitude of improvement, 
from 56.6 ± 23.6% to 85.8 ± 12.0% (p < 0.001). Similarly, 
confidence scores also improved significantly with composite  
scores increased from 72.0 ± 12.6% to 81.9 ± 8.7% (p < 0.001). 
Significant gains were observed in confidence related to  
evaluation, diagnosis, and labelling/delabelling (all p < 0.001). 

Table 2. Baseline knowledge and self-reported confidence scores of participating nurses, compared to reference Hong Kong 
cohort. 

Baseline
p-value

Mainland (n = 60) Hong Kong (n = 12)

Knowledge

Participants with satisfactory scores (≥ 70/100) 27/60 (45.0%) 6/12 (50.0%) 0.755

Composite knowledge score (%) 64.3 ± 18.8 68.0 ± 23.0 0.060

-	 Theory (%) 80.0 ± 18.9 76.9 ± 21.6 0.071

-	 PST-related practical knowledge (%) 56.6 ± 23.6 63.5 ± 32.9 0.031

Practice (self-reported confidence)

Composite practice score (%) 72.0 ± 12.6 82.1 ± 8.4 0.003

-	 Evaluation (%) 80.4 ± 14.9 81.7 ± 13.4 0.785

-	 Diagnosis (%) 63.0 ± 19.3 75.0 ± 12.4 0.015

-	 Labelling/delabelling (%) 61.3 ± 22.1 83.3 ± 16.7 0.001

-	 Managing reactions following testing (%) 83.0 ± 14.6 88.3 ± 13.4 0.246

Table 3. Baseline and 1-month follow-up knowledge and self-reported confidence scores among Mainland nurse participants.

Mainland nurse participants
p-value

Baseline 1-month follow-up

Knowledge

Participants with satisfactory scores (≥ 70/100) 27/60 (45.0%) 56/60 (93.3%) < 0.001

Composite knowledge score (%) 64.3 ± 18.8 86.9 ± 9.9 < 0.001

-	 Theory (%) 80.0 ± 18.9 93.7 ± 21.6 < 0.001

-	 PST-related practical knowledge (%) 56.6 ± 23.6 85.8 ± 12.0 < 0.001

Practice (self-report confidence)

Composite practice score (%) 72.0 ± 12.6 81.9 ± 8.7 < 0.001

-	 Evaluation (%) 80.4 ± 14.9 87.0 ± 10.5 < 0.001

-	 Diagnosis (%) 63.0 ± 19.3 75.7 ± 17.3 < 0.001

-	 Labelling/delabelling (%) 61.3 ± 22.1 71.3 ± 16.1 < 0.001

-	 Managing reactions following testing (%) 83.0 ± 14.6 93.5 ± 9.5 0.064

Confidence in managing reactions following testing was 
high at baseline and showed a non-significant increase  
(83.0 ± 14.6% to 93.5 ± 9.5%; p = 0.064). 

Participant feedback was overwhelmingly positive (Figure 2).  
The vast majority of nurses (93.3%, 56/60) rated the overall  
course quality as “excellent,” and 85.0% (51/60) agreed the 
content was highly relevant to daily practice. Nearly all  
participants (96.7%, 58/60) indicated they would recommend 
the course to colleagues, and 86.7% (52/60) believed it would 
positively influence their future clinical practice. Furthermore, 
61.7% (37/60) felt it was necessary to update their institutional  
PST guidelines based on the course content.
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Figure 1. Change in knowledge and self-report confidence scores from baseline to 1-month follow-up (n = 60).
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Figure 2. Post-course evaluation by participating nurses (n = 60).
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Discussion 
This study presents the first targeted educational  

intervention aimed at improving PA assessment and PST 
competencies among nurses with a particular focus on  
China. The findings demonstrate that a structured, one-day  
training program can yield significant improvements at 
1-month follow-up in both theoretical knowledge and  
self-report confidence.38,39 

In Mainland China, nurses serve as the primary  
operators of PST and the frontline assessors of suspected PA.  
They are responsible for all stages of the test, including its 
preparation, administration, and documentation.40,41 Despite 
this central role, their training has historically been based 
on local non-evidenced-based protocols (such as performing 
universal pre-emptive PST) rather than on internationally  
recognized guidelines.21,28 This practice gap is evident in 
our baseline results. Although overall knowledge scores 
were similar between Mainland and Hong Kong nurses, the  
Mainland cohort scored significantly lower on practical,  
PST-related questions and reported markedly less confidence  
in diagnostic and delabeling tasks.28 Furthermore, the  
estimated positive PST rate reported by Mainland nurses  
(22%) was substantially higher than both the Hong Kong 
reference (11%) and global averages, suggesting that current

nursing PST practices may contribute to an environment  
of over-testing and false-positive interpretations.4-7 This  
discrepancy also highlights a systemic issue in which  
clinical procedures have become misaligned with current  
international standards,24,42 thereby perpetuating the cycle of  
penicillin allergy mislabeling and the subsequent reliance on  
broader-spectrum antibiotics.43 

Our training program was designed to directly address this  
practice gap by aligning curricular content with international  
best practices. The significant post-course improvements, 
particularly in the practical domains where baseline deficits  
were most pronounced, confirm that nurses are both  
receptive and responsive to evidence-based training. Notably,  
the overwhelmingly positive evaluations indicated strong 
endorsement, with a clear majority of participants (61.7%)  
recognizing the necessity of updating their institution’s PST 
guidelines based on the course content. The demographics  
are comparable to general nurse population in Mainland  
China.44 According to behavioral change theory, this concurrent  
shift in knowledge, confidence, and professional intention 
constitutes a critical precursor to sustained practice change.45  
Therefore, this educational model represents a viable and  
scalable first-line strategy for initiating systemic reform. 
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Several limitations must be acknowledged. First, the study 
was conducted with a single cohort from one institution, 
which may limit the generalizability of the findings. Second, 
while we measured improvements in knowledge and practice,  
the assessment of practice change relied on self-reported  
confidence rather than direct observation of clinical  
behaviour.46 Third, the follow-up period was short; the  
long-term retention of knowledge and its translation into  
sustained practice improvement require further investigation. 
Future studies should employ multicentre designs, incorporate  
objective measures of clinical behaviour (such as audit of 
PST practices and delabeling rates), and include longer-term 
evaluations to fully establish the intervention’s impact on  
patient-level and stewardship outcomes. 

In conclusion, this study provides evidence that a concise,  
internationally-aligned educational program can effectively  
equip Mainland Chinese nurses with the foundational  
knowledge and confidence required for evidence-based 
PA assessment. Integrating such standardized training into 
nursing professional development represents a critical step  
towards standardizing PST practices, which is essential for 
reducing inappropriate allergy labels, improving antibiotic  
prescribing, and formally establishing nurses as key contributors  
to antimicrobial stewardship. 
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Supplementary Text 1. Validation of Cut-off Score for Satisfactory Performance. 

A cut-off score of ≥ 70% was established to define “satisfactory”  
performance on the 12-item multiple-choice knowledge test 
covering core PA concepts, using the “contrasting groups” 
method (S1). To validate this threshold, a separate cohort 
of 12 nurses, none of whom had participated in the main  
training course, were recruited. This validation cohort (Table 
S1) consisted of two distinct groups: six experienced allergy 
nurses actively practicing penicillin allergy (PA) evaluation, 
and six nurses without practical experience in PA assessment. 
All participants completed the same 12-item quiz.

Across the entire validation cohort, the overall mean 
score was 66.67 ± 23.57%, with 6/12 nurses (50.0%) scoring 
≥ 70%. The experienced nurses achieved a mean score of  
84.7 ± 14.4%, while the non-experienced nurses achieved 
a mean score of 48.6 ± 15.2% (p = 0.007). When applying 
the 70% cut-off, 5/6 experienced nurses (83.3%) achieved a  
satisfactory score, compared to 1/6 non-experienced nurses  
(16.6%; p = 0.08). Based on the clear separation in mean  
performance between these two contrasting groups, and a  
review of the individual score distributions, a score of 70% 
was selected as an appropriate and empirically validated  
cut-off to distinguish Mainland Chinese nurses with satisfactory  
foundational knowledge in drug allergy assessment from 
those requiring further education.

Table S1. Comparison of experienced nurses vs non-experienced nurses (n = 12)

Group n Mean % ± SD p ≥ 70% score (n, %) p

Experienced nurses 6 84.7 ± 14.4 0.007 5/6 (83.3%) 0.080

Non-experienced nurses 6 48.6 ± 15.2 — 1/6 (16.6%) —

Reference
S1. Norcini JJ. Setting standards on educational tests. Med Educ. 2003;37(5):464-469.
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Supplementary Text 2. 

Knowledge Test: Core Concepts in Penicillin Allergy

1.	 The primary aim of allergy skin testing is to investigate 
for:
A.	 Type I hypersensitivity reactions
B.	 Type II hypersensitivity reactions
C.	 Type III hypersensitivity reactions
D.	 Type IV hypersensitivity reactions

2.	 When will immediate drug hypersensitivity reactions 
usually occur after drug administration?
A.	 1-2 hours
B.	 6-8 hours
C.	 8-12 hours
D.	 12-24 hours

3.	 Which of the following tests is considered the gold standard  
to confirm or exclude drug allergy?
A.	 Clinical history
B.	 Skin testing
C.	 Drug-specific IgE
D.	 Drug provocation testing

4. Which of the following is the LEAST USEFUL in  
assessment of suspected drug allergy:
A.	 Drug dosage
B.	 Previous drug exposure
C.	 Route of administration 
D.	 Family history of drug allergy

5.	 What are reasons why at present many patients are  
incorrectly labelled with penicillin allergy?
A.	 Skin tests are mostly useful for immediate-type reactions  

only
B.	 The skin test reagents used in our country only contain 

benzylpenicillin
C.	 Positive and negative controls are not routinely used
D.	 All of the above

6.	 According to international recommendations, the standard  
injection volume for intradermal tests is:
A.	 0.02 ml
B.	 0.1 ml
C.	 0.5 ml
D.	 1 ml

7.	 What approximate proportion of penicillin allergy  
patients are missed we penicilloyl-polylysine (PPL) + 
minor determinant mixture (MDM) are not included in 
skin testing?
A.	 1-5%
B.	 10-20%
C.	 50-60%
D.	 70-80% 

8.	 According to international recommendations, which of 
these are criteria for a positive intradermal tests?
A.	 An induration diameter increase of ≥ 3 mm accompanied  

by redness/itching
B.	 Slight pallor at the injection site
C.	 Patient reports a stinging sensation
D.	 Redness around the papule measuring 1 cm

9.	 Which of the following statements is TRUE?
A.	 A positive penicillin skin test definitely confirms that 

the patient is allergic to penicillin.
B.	 Patients with a history of positive skin tests should 

never be tested again
C.	 Skin testing (with or without provocation tests) should 

be repeated if the patient’s history is not suggestive of 
genuine allergy 

D.	 If a patient’s skin test result is negative, this definitely 
confirms the patient is not allergic to penicillin 

10.	Which test is recommended as the first step of penicillin 
skin testing?
A.	 Skin prick test
B.	 Intradermal test
C.	 Skin patch test
D.	 Provocation test

11.	Which is the most appropriate time to perform skin test 
when drug allergy is suspected?
A.	 Anytime
B.	 Immediately following the index reaction
C.	 At least one month following the index reaction
D.	 Never

12.	Which of the following are situations should skin testing  
not be performed?
A.	 Patient has taken an anti-histamine the day before testing.
B.	 Patient has a family history of severe cutaneous  

adverse reaction to penicillin
C.	 Patient is pregnant.
D.	 Patient has ongoing infection.
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Supplementary Text 2. (Continued)

Confidence Test: Self-Rated Confidence in Penicillin Allergy

1.	 How confident do you feel in evaluating patients with 
suspected drug allergy?
A.	 Not confident
B.	 lightly confident
C.	 Somewhat confident
D.	 Confident 
E.	 Very confident

2.	 How confident do you feel in accurately diagnosing a 
positive penicillin allergy test result?
A.	 Not confident
B.	 lightly confident
C.	 Somewhat confident
D.	 Confident 
E.	 Very confident

3.	 How confident do you feel in labelling or delabelling 
suspected drug allergy?
A.	 Not confident
B.	 lightly confident
C.	 Somewhat confident
D.	 Confident 
E.	 Very confident

4.	 How confident do you feel in managing patients  
presenting acutely with suspected drug allergy?
A.	 Not confident
B.	 lightly confident
C.	 Somewhat confident
D.	 Confident 
E.	 Very confident


