E frontiers
in Education

@ Check for updates

OPEN ACCESS

EDITED BY
Domenico Criscuolo,

Italian Society of Pharmaceutical
Medicine, Italy

REVIEWED BY

Mayar Danadneh,

Al Quds University, Palestine

Daniel Edbert Liang,

Universitas Katolik Indonesia Atma Jaya -
Kampus Pluit, Indonesia

*CORRESPONDENCE

Steward Mudenda
steward.mudenda@unza.ac.zm

RECEIVED 02 April 2026

REVISED 08 May 2026

ACCEPTED 24 July 2026
PUBLISHED 17 August 2026

CITATION

Mudenda S, Chibwe B, Mukosha M,
Mufwambi W, Daka V, Nachalwe PN,
Kasanga M, Kamvuma K, Mwaba M,
Fadare J, Lubanga AF, Mugenyi N,
Gondwe M, Chimbala AM, Mohamed S,
Mukumbuta J, Mwanza B, Hampango M,
Muyenga T, Chimombe T, Makasa M,
Mwaba F, Tembo R, Zulu M, Hangoma J,
Massele AY, Sefah IA, Sartelli M,
Abdelsalam Elshenawy R, Jamshed S,
Muma JB and Godman B (2026)
Knowledge, attitude, and practice of
antifungal resistance and stewardship
among pharmacy students in Zambia: a
cross-sectional study to inform
antifungal stewardship programs.

Front. Educ. 11:1846353.

doi: 10.3389/feduc.2026.1846353

COPYRIGHT
© 2026 Mudenda, Chibwe, Mukosha,
Mufwambi, Daka, Nachalwe, Kasanga,
Kamvuma, Mwaba, Fadare, Lubanga,
Mugenyi, Gondwe, Chimbala, Mohamed,
Mukumbuta, Mwanza, Hampango,
Muyenga, Chimombe, Makasa, Mwaba,
Tembo, Zulu, Hangoma, Massele, Sefah,
Sartelli, Abdelsalam Elshenawy,
Jamshed, Muma and Godman. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Education

PUBLISHED 17 August 2026

} TYPE Original Research
DOI10.3389/feduc.2026.1846353

Knowledge, attitude, and practice
of antifungal resistance and
stewardship among pharmacy
students in Zambia: a cross-
sectional study to inform
antifungal stewardship programs

Steward Mudenda™**, Bweupe Chibwe', Moses Mukosha®,
Webrod Mufwambi’, Victor Daka®, Precious Nkumbu Nachalwe',
Maisa Kasanga®’, Kingsley Kamvuma®, Martha Mwaba’®,

Joseph Fadare’, Adriano Focus Lubanga'", Nathan Mugenyi®,
Moses Gondwe", Adron Mweshi Chimbala'**",

Shafig Mohamed"”, Jean Mukumbuta®, Boris Mwanza®,
Muchindu Hampango®, Tumelo Muyenga®, Tadious Chimombe',
Mubanga Makasa®, Florence Mwaba®, Rabecca Tembo?,
Mildred Zulu®, Jimmy Hangoma', Amos Yared Massele®,

Israel Abebrese Sefah®, Massimo Sartelli*,

Rasha Abdelsalam Elshenawy®, Shazia Jamshed®,

John Bwalya Muma®” and Brian Godman®****°

Department of Pharmacy, School of Health Sciences, University of Zambia, Lusaka, Zambia,
2Education and Continuous Professional Development Committee, Pharmaceutical Society of Zambia,
Lusaka, Zambia, *Department of Public Health, School of Medicine, Copperbelt University, Ndola,
Zambia, “Department of Pathology and Microbiology, University Teaching Hospitals, Lusaka, Zambia,
*Department of Reference Laboratory, Zambia National Public Health Institute, Lusaka, Zambia,
®Department of Pathology and Microbiology, School of Medicine and Health Sciences, Mulungushi
University, Livingstone, Zambia, "Department of Clinical and Radiation Oncology, Cancer Diseases
Hospital, Ministry of Health, Lusaka, Zambia, Resident Doctors Association of Zambia, Lusaka, Zambia,
°Department of Pharmacology and Therapeutics, Ekiti State University College of Medicine, Ado-Ekiti,
Nigeria, ‘°Antimicrobial Resistance and One Health, Clinical Research Education and Management
Services, CREAMS, Lilongwe, Malawi, "'Department of Clinical Services, Kamuzu Central Hospital (KCH),
Lilongwe, Malawi, *?Department of Community Health, Faculty of Medicine, Mbarara University of
Science and Technology, Mbarara, Uganda, **Department of Pharmacy, Evelyn Hone College, Lusaka,
Zambia, *Department of Pharmacy, School of Health Sciences, University of Lusaka, Lusaka, Zambia,
*Department of Pharmacy, School of Health Sciences, Eden University, Lusaka, Zambia, **Department
of Pharmacy, School of Health Sciences, Levy Mwanawasa Medical University, Lusaka, Zambia, "York
and Scarborough Teaching Hospitals NHS Foundation Trust, York, United Kingdom, **Department of
Pharmacy, Livingstone Teaching Hospital, Livingstone, Zambia, **Department of Pharmacy,
Boitekanelo College, Gaborone, Botswana, ?°Department of Pharmacy, School of Medicine and Health
Sciences, Mulungushi University, Livingstone Campus, Livingstone, Zambia, Department of Pathology
and Microbiology, School of Medicine, University of Zambia, Lusaka, Zambia, ?Department of Clinical
Pharmacology and Therapeutics, Kairuki University, Dar Es Salaam, Tanzania, >*Pharmacy Practice
Department, School of Pharmacy, University of Health and Allied Sciences, Ho, Ghana, **Department of
Surgery, Macerata Hospital, Macerata, Italy, 2>Department of Medicine, School of Health, Medicine, and
Life Sciences, University of Hertfordshire, Hatfield, United Kingdom, **Department of Pharmacy
Practice, School of Pharmacy, International Medical University, Kuala Lumpur, Malaysia, 2’ Department
of Disease Control, School of Veterinary Medicine, University of Zambia, Lusaka, Zambia, 2®Department
of Public Health Pharmacy and Management, School of Pharmacy, Sefako Makgatho Health Sciences
University, Ga-Rankuwa, South Africa, ??Department of Pharmacoepidemiology, Strathclyde Institute of
Pharmacy and Biomedical Sciences, University of Strathclyde, Glasgow, United Kingdom, *°Antibiotic
Policy Group, Institute for Infection and Immunity, City St. George’s, University of London, London,
United Kingdom

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2026.1846353&domain=pdf&date_stamp=2020-03-12
mailto:steward.mudenda@unza.ac.zm
https://doi.org/10.3389/feduc.2026.1846353
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/feduc.2026.1846353/full
https://www.frontiersin.org/articles/10.3389/feduc.2026.1846353/full
https://www.frontiersin.org/articles/10.3389/feduc.2026.1846353/full
https://www.frontiersin.org/articles/10.3389/feduc.2026.1846353/full
https://www.frontiersin.org/articles/10.3389/feduc.2026.1846353/full
https://www.frontiersin.org/articles/10.3389/feduc.2026.1846353/full
https://www.frontiersin.org/journals/education
https://doi.org/10.3389/feduc.2026.1846353
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Mudenda et al.

10.3389/feduc.2026.1846353

Background: Antifungal resistance (AFR) is a growing global health threat,
particularly in low- and middle-income countries such as Zambia, where
antifungals are often accessed without prescription. Antifungal stewardship
(AFS) programs aim to optimise antifungal use, yet limited data exist on
pharmacy students’ knowledge, attitudes, and practices (KAP) toward AFR and
AFS. This study evaluated pharmacy students’ knowledge, attitudes, and
practices (KAP) toward AFR and AFS in Zambia.

Methods: A descriptive cross-sectional survey was conducted among 288
randomly selected pharmacy students between August and September 2024
using a structured questionnaire. Descriptive  statistics summarised
demographics and KAP responses. Associations were analysed using Chi-square
and Fisher’s Exact Tests, while multivariable logistic regression identified
predictors of good KAP (p <0.05).

Results: Among respondents (55.2% female; 76.7% aged 18-25 years), most
students (94.1%) knew how to define AFR, and 90.3% recognized antifungal
misuse as a factor driving resistance. Nevertheless, only 18.1% showed good
knowledge, 67.7% held positive attitudes (especially among fourth-year
students, p<0.001), and merely 2.4% practiced appropriately. Multivariable
analysis found that being a fourth-year student increased the likelihood of a
good attitude (aOR =5.10, 95% Cl: 2.28-11.43). Married students were more
likely to demonstrate good practices (aOR =2.75, 95% CI: 1.13-6.68) towards
AFR and antifungal stewardship (AFS) compared to unmarried ones.
Additionally, age above 33 years was not significantly associated with better
knowledge (aOR =1.29, 95% Cl: 0.32-5.18).

Conclusion: Pharmacy students in Zambia demonstrated positive attitudes
towards AFR and AFS, but significant gaps in knowledge and practice remain.
Strengthening AFR and AFS-related content and experiential training within the

pharmacy curriculum is urgently needed to improve preparedness for

clinical practice.

KEYWORDS

antifungal resistance,

antifungal stewardship, antifungal stewardship programs,

antimicrobial resistance, fungal infections, pharmacy students, Zambia

1 Introduction

Antifungal resistance (AFR), which is part of antimicrobial
resistance (AMR), is classically defined as the reduction in
susceptibility of fungal pathogens to antifungal agents due to
intrinsic or acquired mechanisms, leading to clinical treatment
failure, prolonged infection, or increased mortality (Gupta et al.,
2021; Pai et al.,, 2018; Perea and Patterson, 2002). AFR is a global
public health problem that has contributed to increased morbidity
and mortality, alongside negative economic implications
(Arastehfar et al, 2020; Stevenson et al.,, 2022; van Rhijn et al,
2024; Wiederhold, 2017). Consequently, AFR has been largely
neglected and lags behind antibiotic resistance regarding its
implementation, diagnostics, pharmaceutical industry, research,
awareness, evidence base, resources, and perceived importance
(Ananda-Rajah et al., 2012; Mudenda, 2024; van Rhijn et al,
2024; Whitney et al., 2022). Among the earliest reported cases of
drug resistance of dermatophytes to antifungals was against
griseofulvin (Lenhart, 1968). However, recent findings have
demonstrated high prevalence and resistance of Candida species
to antifungal drugs (Arastehfar et al., 2021; Lee et al., 2021; Nucci
et al, 2021; Sahu et al.,, 2023). This problem has been worsened
by a lack of newer antifungal agents in the drug development
pipeline (McCarty and Pappas, 2021; Osherov and Kontoyiannis,

Frontiers in Education

2017; Stover et al., 2023; Vitiello et al., 2023). There is a growing
need for antifungal stewardship (AFS); however, limited
information exists regarding the knowledge, attitudes, and
practices (KAP) of health sciences students toward AFR in
Zambia (Mudenda et al., 2023b).

Globally, fungal infections account for approximately 150
million cases and up to 3.8 million deaths annually, with a
notable increase from 1.7 million deaths in previous years to
over 3.8 million by 2023 (Mudenda, 2024). The high prevalence
of fungal infections has contributed to the overuse and misuse
of antifungal agents, thereby fueling the emergence and spread
of AFR (Mudenda, 2024). AFR continues to be a considerable
challenge in the sub-Saharan African region, especially among
immunocompromised patients (Africa and Abrantes, 2017;
Mudenda, 2024; Oliveira et al.,, 2023). Historically, AFR has not
been recognised as a significant public health threat (Fisher
et al,, 2022). However, this is changing as more is known about
AFR and its implications (Mudenda, 2024; Vitiello et al., 2023).
Every year, it is estimated that more than 300 million people
suffer from severe fungal infections worldwide, with an
estimated 1.5-2.5 million annual deaths due to Candida and
Aspergillus infections, with considerable economic costs for the
health care system (Denning, 2024; Jamiu et al, 2021; Khalifa
et al., 2022). Overall, infections due to Candida and Aspergillus
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species have appreciable public health consequences, and
resistance to these fungal pathogens needs to be avoided where
possible (Paiva Macedo and Dias, 2024; Revie et al., 2018).

Drivers of AFR are complex and include the inappropriate use
of antifungal drugs coupled with access to these agents without a
prescription (Ferris et al., 2002; Hassoun et al., 2023; Khairy et al.,
2021; Langfeldt et al., 2022; Papadimitriou-Olivgeris et al., 2020).
Alongside this, the lack of access to a variety of antifungal drugs to
treat fungal infections has also contributed to the growing rates of
AFR and associated consequences (Denning, 2022; Kneale et al,,
2016). Evidence has shown that clinical AFR is due to incorrect
diagnosis, which can be divided into two categories: (i)
misdiagnosis or polymicrobial disease when empirical and pre-
emptive strategies are employed; (ii) immune reconstitution
inflammatory syndromes in patients receiving cytotoxic,
biologic, or antiretroviral therapy (Kanafani and Perfect, 2008).
Alongside this, few laboratories conduct routine antifungal
susceptibility testing, especially in African countries (Achilonu
et al, 2023). Typically, patients with immunosuppressive
conditions are highly prone to fungal infections and AFR (Kainz
et al., 2020; Perlin, 2015; Reddy et al.,, 2022; Xia et al., 2022).
These drivers have contributed to the rising cases of drug-
resistant fungal infections in recent years (Arendrup and
Patterson, 2017; Hassoun et al, 2023; Lockhart et al., 2023;
Mudenda, 2024).

Drug-resistant fungal infections may arise due to genetic
variations affecting how antifungal medications are metabolised
or from inadequate absorption of the drugs into the body
(Ghannoum and Rice, 1999). Consequently, it is important to be
vigilant with antifungal dosages, especially in the pediatric
population (Watt et al., 2011). A suboptimal length of treatment
often predicts failure for most mycoses, and compliance is a
potential problem for successful therapy (Kanafani and Perfect,
2008). The other appreciable challenge to successful fungal
therapy is patients’ underlying diseases, including tuberculosis,
Human Immunodeficiency Virus (HIV), cancer, diabetes, and
cardiovascular diseases (Reddy et al., 2022). This is because of
inadequate knowledge of drug-to-drug interactions, which can
result from the administration of multiple medications with
antifungal agents (Mufwambi et al., 2021). It is for this reason
that AFR should be addressed and antifungal stewardship
programs (AFSPs) instigated (Mudenda, 2024; Rabaan et al,
2023). These programs are critical in reducing the consumption
of antifungal agents across various populations (Albahar et al,
2024; Hart et al., 2019; Jacob et al., 2025; Whitney et al., 2022).

Overall, AFR is responsible for high morbidity and mortality
rates across Africa (Africa and Abrantes, 2017). An estimated
25.8 million people in the sub-Saharan region are HIV-infected,
driving a surge in opportunistic mycoses and associated
resistance mechanisms in low and middle-income countries
(LMICs) (Africa and Abrantes, 2017). In view of this, multiple
AFSPs must be instigated to address AFR (Micallef et al., 2014,
2017; Ray et al, 2023; Zhang et al, 2024). AFSPs are
coordinated measures employed to maximise therapeutic results,
reduce side effects and selective pressure, and oversee the proper
administration of antifungal medications (Hamdy et al., 2017;
Kara et al., 2021; Ruhnke, 2014). To be effective, AFSPs must be
implemented by a multidisciplinary team involving all
healthcare professionals (HCPs) (Agrawal et al., 2016). There
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have been concerns with instigating antimicrobial stewardship
programs (ASPs), including AFSPs, among LMICs due to
resource and personnel issues (Cox et al., 2017). However, this
is now changing, and there is an increasing number of ASPs,
including AFSPs, undertaken in LMICs alongside high-income
countries, including those orchestrated by pharmacists (Johnson
et al., 2020; Otieno et al.,, 2022; Siachalinga et al., 2022). Overall,
a multidisciplinary approach is typically needed for AFSPs to be
effective (Agrawal et al, 2016; Hamdy et al., 2017; Johnson
et al,, 2020; Ray et al., 2023; Valerio et al., 2015).

Despite increasing global attention to AMR, AFR remains
underexplored, particularly in low- and middle-income countries
such as Zambia. While antifungal misuse and over-the-counter
access are recognised contributors to resistance (Mudenda et al,,
2023b, 2023d), there is limited evidence on the preparedness of
future healthcare professionals to address these challenges.
Pharmacy students, as future prescribers and stewards of
antimicrobial use, play a critical role in AFS implementation
(Alshehri and Khawagi, 2025; Khan et al.,, 2021; Magbool et al,,
2026; Mudenda et al, 2022). However, there is a paucity of
Zambia-specific data assessing their KAP regarding AFR and
AFS. Addressing this gap is essential for informing targeted
educational interventions and strengthening AFSPs. Therefore,
this study aimed to evaluate the knowledge, attitudes, and
practices of pharmacy students in Zambia regarding AFR and AFS.

2 Materials and methods
2.1 Study design, setting, and population

This is a
undergraduate pharmacy students at the Levy Mwanawasa
Medical University (LMMU) from August 2024 to September
2024. The University was chosen for this research as it is

cross-sectional study conducted among

located in Lusaka and offers the following programs:
Biomedical Sciences, Environmental Health, Physiotherapy,
Public Health, Public Health Nutrition, Nursing, Medicine,
Pharmacy, Radiography, and Nutrition and Dietetics.
Pharmacy is a five-year degree program with first-year pre-
requisite courses that include Biology, Chemistry, Mathematics,
and Physics. Another reason why this site was chosen is that
no study had been conducted at LMMU before this survey.
The study population included all pharmacy students registered
at LMMU in Lusaka who consented to be part of the study
and were willing to respond to the questionnaire. This study
excluded all pharmacy students who were not available during

the data collection period.

2.2 Sample size determination

The sample size was determined using Taro Yamane’s formula
[69]. The population of pharmacy students included 215 s-year
students, 160 third-year students, 176 fourth-year students, and
36 fifth-year students, resulting in a total of 587 undergraduate
pharmacy students. The margin of error was assumed to be 5%
at a 95% confidence level. A 10% non-response rate was taken
into consideration. The final sample size was estimated to be
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238 undergraduate pharmacy students. A stratified random
sampling approach was employed, with strata defined based on
the year of study (second to fifth year). Proportional allocation
was used to determine the number of participants selected from
each stratum relative to their population size. Within each
stratum, participants were randomly selected using a simple
random sampling technique to ensure equal representation and
minimise selection bias.

2.3 Data collection and instrument
development

Data were collected using a questionnaire adopted from a
previously validated tool that assessed AFR and AFS among
pharmacy students (Mudenda et al., 2023d). The questionnaire
comprised four sections: Section A had five questions on the
participants’  sociodemographic ~ characteristics; ~ Section
B included 10 questions evaluating knowledge of AFR and AFS;
Section C consisted of 10 questions exploring attitudes toward
AFR and AFS; and Section D contained 10 questions on
practices related to AFR and AFS.

After providing written consent to participate in the study,
participants were recruited and provided with a face-to-face
self-administered questionnaire, which they returned to the
data collectors upon completion. Data collection was carried
out by three trained individuals (S.M., B.C. and P.N.N) and
took approximately 20-30 min per participant. Given the use
of self-administered questionnaires, there is potential for
response bias and social desirability bias, where participants
may provide answers they perceive as acceptable rather than
reflective of actual behaviour. Measures such as anonymity and
to minimise

voluntary participation were implemented

these biases.

2.4 Validity and reliability

The questionnaire underwent face and content validity
assessment by three public health experts to ensure clarity,
relevance, and comprehensiveness. A pilot study involving 20
pharmacy students was conducted to refine the tool and
enhance its robustness. Participants in the pilot study were
excluded from the main study. Internal consistency was assessed
using Cronbach’s alpha, which yielded a value of 0.827,
indicating acceptable reliability.

2.5 Statistical analysis

Data from questionnaires were entered into Stata/BE version
18 (Stata Corporation, College Station, TX, USA) for statistical
analysis. Categorical variables were reported as frequencies and
percentages. Associations between putative predictor variables
and outcome variable(s) were assessed in univariable analysis
using a Pearson Chi-square test and Fisher’s Exact Test, as
appropriate. For instance, associations between the years of
study and KAP regarding AFR were assessed using a Pearson
Chi-square test and Fisher's Exact Test, as appropriate. The
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KAP scores were computed by assigning one point for each
correct response and zero for incorrect or neutral responses.
A Bloom’s cut-off value of 80% was applied to categorise
respondents into “good” (>80%) and “poor” (<80%) levels of
KAP on AFR and AFS. Variable definitions were standardised
before analysis to ensure consistency and reproducibility
(Mudenda et al., 2023d).

Multivariable logistic regression analysis was performed to
assess factors independently contributing to KAP towards AFR,
adjusting for confounders. Only variables with a p-value less
than 0.20 from the Chi-Square or Fisher’s exact test and
clinically relevant based on previous studies were included in
the multivariable model. The Hosmer-Lemeshow test was used
to test the model for goodness-of-fit. We reported the odds
ratios with respective 95% Confidence intervals at a significance
level of alpha less than 0.05 (two-tailed).

2.6 Ethical approval

Ethical approval was obtained from the University of Zambia
Health Sciences Research Ethics Committee (Approval ID:
20231270124) and the National Health Research Authority
(Approval ID: A042/25/7/2024). Written informed consent was
to data
Participation was voluntary, and all responses were anonymised
to ensure confidentiality.

obtained from all participants prior collection.

3 Results

3.1 Socio-demographic characteristics of
participants

Table 1 shows the socio-demographic characteristics of study
participants. A total of 300 questionnaires were distributed, of
which 288 were completed and included in the analysis, yielding
a response rate of 96%. The largest proportion, 159 (55.2%),
were females, 126 (43.8%) were in the third year of study, and
221 (76.7%) were aged between 18 and 25. The majority of the
respondents were not married, and most of them resided in
urban areas (Table 1).

3.2 KAP of antifungal resistance and
stewardship among study participants

The overall KAP for AFR and AFS is presented in Figure 1.
The proportion of respondents with good knowledge of AFR
was 18.1% [95% confidence interval (CI): 13.8%—-23.0%], being
numerically highest, 19.1% (95% CI: 12.6%-27.0%), among
students in the third year of study. Additionally, 2.4% (95% CI:
0.1%—4.9%) of the respondents had good practices towards AFR,
which was numerically the highest, at 3.8% (95% CI: 0.8%—
10.8%) among fourth-year students. Furthermore, 67.7% (95%
CIL: 62.0%-73.1%) of respondents had a good attitude towards
AFR, with fourth-year students reporting the highest proportion
at 84.6% (95% CIL. 74.7%-91.8%), which was statistically
significant (p <0.001).
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3.3 Responses to knowledge, attitude, and
practice statements on AFR and AFS among
study participants

Responses to KAP statements are presented in Table 2. The
majority of respondents demonstrated a strong understanding
of AFR its definition, causes, and

concepts, including

TABLE 1 Socio-demographic characteristics of study participants, N = 288.

10.3389/feduc.2026.1846353

consequences. Most of the respondents reported that AFR is a
significant public health problem; nevertheless, 39.9% did not
think that the current training on AFR in the university was
sufficient. Notably, most of the respondents reported that formal
learning on the proper usage of antifungals among healthcare
students is an intervention that may minimise AFR going forward.

3.4 Factors influencing good knowledge,
attitude and practice regarding AFR and
AFS among study participants

Variables Category Frequency Percentage %
Age (years) 18-25 01 76.7 Table 3 shows results from the multiple logistic regression
2633 p 163 model. The Hosmer-Lemeshow test suggested a good fit for the
final model. Participants in their fourth year [adjusted odds
Above 33 20 70 ratio (aOR) =5.10, 95% CI: 2.28-11.43] of the study were more
Gender Female 159 552 likely to have a good attitude towards AFR and AFS than those
Male 129 44.8 in their second vyear. Furthermore, married participants
Year of Study | Second 2 215 (aOR =2.75, 95% CI: 1.13-6.68) were more likely to have good
practices towards AFR and AFS.
Third 126 43.8
Fourth 78 27.1
Fifth 2 76 4 Discussion
Marital Status Unmarried 253 87.8
Married 35 122 This study assessed pharmacy students’ knowledge, attitudes,
: and practices (KAP) toward AFR and AFSPs in Zambia.
Residence Urban 213 740 Understanding these aspects in future healthcare professionals is
Rural/peri-urban 75 26.0 crucial, as they will play a pivotal role in combating the growing
threat of AMR, including AFR.
Fifth_year | 0
.8 Fourth_year 3.8
g Third_year 24
A~ Second_year W 1.6
Overall 24
Fifth_year 77.3
)
:% Fourth_year 84.6
g Third_year 64.3
Second_year (NG 50
Overall 67.7
_?1)0 Fifth_year 18.2
@  Fourth_year 18
§ Third_year 19.1
*  Second_year [N 16.1
Overall 18.1
0 10 20 30 40 50 60 70 80 90
Proportion (%)
FIGURE 1
Proportion of respondents with good knowledge, attitude and practice regarding AFR and AFS.
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TABLE 2 Participants’ responses about knowledge, attitude and practice statements.

Competency

Knowledge statements

Antifungal Resistance is a phenomenon where fungi become less responsive to antifungal medications 271 94.1 9 3.1 8 2.8
Fluconazole, Amphotericin B, and Itraconazole are examples of common antifungal medications 251 87.2 15 5.2 22 7.6
Misuse or overuse of antifungal medications contributes to the development of antifungal resistance 260 90.3 19 6.6 9 31
Antifungal resistance could lead to prolonged illnesses and higher mortality rates. 254 88.2 17 5.9 17 5.9
Only bacterial infections can develop resistance; fungal infections cannot 30 10.4 236 81.9 22 7.7
It's important to complete the full course of prescribed antifungal treatment, even if symptoms improve earlier. 278 96.5 7 2.5 3 1.0
Antifungal stewardship programs aim to improve the use of these drugs 265 92.0 8 2.8 15 52
Over-the-counter antifungal medications cannot lead to antifungal resistance 47 16.3 203 70.5 38 13.2
Patient adherence to the prescribed antifungal regimen is crucial for effective treatment 256 88.9 21 7.3 11 3.8
Regular diagnostics are not necessary when prescribing antifungal treatment 43 14.9 212 73.6 33 11.5

Attitude statements

Antifungal resistance is a significant public health concern 251 87.2 20 6.9 17 5.9
The current training and education about the proper use of antifungals and antimicrobial resistance are sufficient 115 399 123 4.7 50 17.4
It is okay to prescribe antifungal medication even without a confirmed fungal infection 20 6.9 254 88.2 14 49
All healthcare students should participate in antifungal stewardship programs 255 88.5 8 2.8 25 8.7
Patient non-compliance with antifungal medicines contributes to the occurrence of antifungal resistance 245 85.1 25 8.7 18 6.2
Overuse or misuse of antifungal medications in healthcare practices is a public health concern 254 88.2 24 8.3 10 35
The proper use of antifungal medicines is a critical part of effective patient care 270 93.8 10 35 8 2.7
It’s necessary to discuss antifungal resistance and its implications with patients. 278 96.6 5 1.7 5 1.7
I believe that more research is needed in the field of antifungal resistance 264 91.7 9 3.1 15 5.2
Preventive measures, such as infection control and prophylaxis, are important in managing antifungal resistance 255 88.5 19 6.3 14 49

Practice statements

I bought antifungal medicines without a prescription 112 389 151 52.4 25 8.7
When my family/friends are sick, I recommend buying antifungals. 55 19.1 208 722 25 8.7
I use antifungals because of advice from friends and family 54 18.8 204 70.8 30 10.4
I use antifungals when I have a urinary tract infection 80 27.8 180 62.5 28 9.7
I use antifungal medicines when I have a cold 14 4.9 268 93.0 6 2.1
I seek additional education or training on antifungal medications and resistance 242 84.0 27 9.4 19 6.6
Prescribing physicians and students are the only professionals who need to understand antifungal stewardship 61 21.2 205 71.1 22 7.6
I participate in antifungal stewardship and awareness programs 98 34.0 152 52.8 38 13.2
I keep myself updated about the latest research and guidelines regarding antifungal 118 41.0 112 389 58 20.1

medications and antimicrobial resistance

Formal teaching on the proper usage of antifungals among healthcare students is an 264 91.6 15 5.2 9 3.1

intervention that may minimise the phenomenon of antifungal resistance

The findings of the present study revealed a diverse and mixed
landscape of KAP among the pharmacy students overall. While a
substantial majority of respondents demonstrated good attitudes
towards AFR and AFS (67.7%), the proportion with good
knowledge (18.1%) and, more critically, good practices (2.4%) was
notably low. This discrepancy between a positive attitude and
lagging knowledge and practice is a common challenge observed
in various healthcare education settings regarding AFSPs
(Shrestha, 2019). It suggests that while students appreciate the
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importance of AFR/AFS, there may be gaps in the depth of their
understanding or the translation of knowledge and positive intent
into appropriate behaviours. Contrary to our findings, most
health students in India had good knowledge regarding AFR
(Pandey et al., 2026). The observed differences could be attributed
to a difference in sample size between the one used in our study
and the 752 students included in the Indian study.

The high level of awareness regarding the definition of AFR
(94.1%) and its consequences, such as prolonged illnesses and
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TABLE 3 Factors influencing knowledge, attitude and practice towards antifungal resistance and stewardship.

Characteristic Knowledge

Attitude Practice

Adjusted OR(95% CI) p-value Adjusted OR(95% Cl) p-value Adjusted OR(95% CI) p-value

Year of study

Second Ref Ref Ref

Third 1.22 (0.54-2.77) 0.636 1.78 (0.95-3.32) 0.070 1.45 (0.14-14.75) 0.756

Fourth 1.05 (0.39-2.84) 0.921 5.10 (2.28-11.43) <0.001 2.49 (0.24-26.33) 0.449

Fifth 1.03 (0.27-3.93) 0.960 3.08 (0.98-9.67) 0.054 -
Sex

Female Ref Ref

Male 1.07 (0.56-2.02) 0.847 0.29 (0.05-1.68) 0.166
Marital status

Unmarried Ref Ref Ref

Married 1.37 (0.44-4.25) 0.587 2.05 (0.73-5.75) 0.171 2.75 (1.13, 6.68) 0.026
Residence

Rural/peri-urban Ref Ref Ref

Urban 0.95 (0.47-1.92) 0.893 1.51 (0.84-2.73) 0.172 0.11 (0.02-0.61) 0.011
Age

18-25 Ref - — — —

26-33 0.86 (0.30-2.48) 0.781

Above 33 1.29 (0.32-5.18) 0.717

OR = odds ratio, 95% CI =95% confidence intervals, boldface (statistical significance at 5%). Good knowledge, practice and attitude were scores of >80%.

increased mortality (88.2%), is encouraging. This foundational
understanding indicates that the essential concepts of resistance
are being effectively incorporated into the curriculum.
Furthermore, the recognition that antifungal misuse contributes
to AFR (90.3%) and that AFSPs are intended to optimise drug
utilisation (92.0%) reflects a strong theoretical comprehension of
the problem and its corresponding interventions. However, a
significant proportion (39.9%) of students felt that the current
university training on AFR was insufficient. This finding was
echoed by another study that was conducted at the University of
Zambia, where more than half of the students indicated that they
felt the training they were currently receiving in AFR and AFS
was insufficient (Mudenda et al, 2023d). This perception aligns
with the low overall good knowledge scores. It highlights a critical
area for curriculum enhancement, emphasising the need for more
comprehensive and practical education on AFR and AFS
(Godman et al, 2021). Formal teaching on proper antifungal
usage (91.6%) was overwhelmingly endorsed as a key intervention,
reinforcing the students’ desire for improved training. This
approach is key in ensuring graduates from institutions of higher
learning are ready to face the challenges of AFR and AFS early in
their formative working careers. This assertion was also
highlighted in a previous study to investigate the KAP on AFR
and AFS in Lusaka, Zambia (Mudenda et al., 2023d).

The overwhelmingly positive attitude towards AFR as a
significant public health concern (87.2%), coupled with the belief
that AFSPs improve clinical outcomes and reduce resistance, as
implied by the strong agreement with related statements, is a
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major strength of the present study. Similar findings were
reported in India, in which health sciences students had positive
attitudes towards AFR and AFS (Pandey et al, 2026). This
positive disposition provides a fertile ground upon which to build
more effective educational and practical interventions (Mendelson
and Matsoso, 2015). Students’ strong agreement that all
healthcare students should participate in AFSPs (88.5%) further
underscores their recognition of the multidisciplinary nature of
stewardship. A previous study conducted in Zambia also found
that most pharmacy students were willing to participate in AFSPs
(Mudenda et al., 2023d). These findings must be actualised by the
implementation of AFSPs as stipulated in other studies and
recommendations (Alegria and Patel, 2021; Johnson et al., 2020;
Ray et al., 2023). Alongside this, the findings are encouraging and
good to see the increasing implementation of AFSPs in LMICs
and the growing role of pharmacists (Kara et al, 2021; Ruhnke,
2014; Samura et al., 2020).

The present study found an alarmingly low proportion of
good practices (2.4%) towards AFR and AFS among pharmacy
students. This is particularly evident in the self-reported
behaviours, with 38.9% of pharmacy students admitting to
buying antifungals without a prescription, 19.1% recommending
antifungals to friends/family, and 27.8% using antifungals for
urinary tract infections (UTIs), which are predominantly
bacterial. These practices reflect a dangerous gap between
theoretical understanding and real-world application, potentially
driven by accessibility, societal norms, or a lack of confidence in
alternative approaches, similar to other findings (Khairy et al,
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2021). In line with our study, the findings in India also revealed
that health sciences students had poor practices towards AFR
and AFS (Pandey et al,, 2026). Similar findings were reported
in other studies in which most of the HCPs had poor practices
towards AFR (Gomez-Chaves et al., 2025; Ibrahim et al., 2023).
In the present study, the use of antifungals for infectious
conditions, including UTIs or colds (4.9%), indicates a
fundamental misunderstanding of the appropriate indications
for these medications, highlighting the urgent need for robust
diagnostic  stewardship education regarding both the
appropriate use of antifungals and antibiotics. While 84.0% of
students reported pursuing additional education, and 41.0%
indicated that they stay updated on guidelines, these individual
efforts are clearly insufficient to overcome systemic challenges
or ingrained behaviours. These findings indicate gaps in
practices and the use of antifungal agents among pharmacy
students. Hence, implementation of AFSPs and educational
interventions is pertinent in addressing these gaps and
promoting the rational use of antifungal agents (Albahar et al,,
2024; Johnson et al., 2020; Kara et al.,, 2021; Mudenda et al,,
2023d; Nguyen et al., 2025; Talento et al., 2021; Urbancic
et al., 2018).

The multiple logistic regression analysis provides valuable
insights into factors influencing KAP. Students in their fourth
year of study were significantly more likely to have a good
attitude towards AFR and AFS compared to second-year
students. A similar study also reported higher knowledge and
attitudes in the fourth-year students among students at the
University of Zambia (Mudenda et al, 2023c). This suggests a
progressive development of positive attitudes as students
advance through their academic program, likely due to increased
exposure to clinical rotations, pharmacology, and infectious
disease modules. This finding underscores the importance of
integrating comprehensive AFS education throughout the
pharmacy curriculum, not just in later years, to foster positive
attitudes earlier.

Interestingly, married participants were more likely to exhibit
good practices) than unmarried individuals. Our findings are in
agreement with a similar study that was conducted at the
University of Zambia among Pharmacy students, which found
that married participants were more likely to exhibit good
practices towards AFS (Mudenda et al, 2023d). This could
potentially be attributed to factors such as increased maturity,
greater personal responsibility, or different social influences and
health-seeking behaviours within a family unit. Further qualitative
research could explore the underlying reasons for this association.

Conversely, participants residing in urban areas were less
likely to have good practices compared to those in rural/peri-
urban areas. This finding is somewhat counterintuitive, as urban
areas typically have better access to information and healthcare
facilities. However, it might be explained by easier access to
over-the-counter medications in urban pharmacies, potentially
leading to higher rates of self-medication and less adherence to
professional ~ prescribing norms without a prescription.
A previous study reported lower positive attitudes towards AFS
in urban areas compared to rural areas (Mudenda et al., 2023d).
Other evidence indicates that it could also reflect differing
cultural practices or a greater perceived anonymity in urban

settings that influences medication-seeking behaviours [8]. This
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warrants further investigation to understand the specific drivers
of this observed difference.

The findings of this study highlight the critical need for
implementing evidence-based stewardship practices as part of
AFSPs.
interventions require multidisciplinary approaches involving

Research in AMS has demonstrated that successful

infectious disease specialists, clinical pharmacists,
microbiologists, and other HCPs (Cotta et al., 2015; Elshenawy
et al.,, 2023; Mudenda et al., 2023a, 2025; Pauwels et al., 2025).
Core stewardship strategies such as prospective audit and
feedback mechanisms, formulary restrictions with pre-
authorisation protocols, antibiotic review processes, and dose
optimisation have shown significant benefits in reducing
inappropriate prescribing and resistance development (Johnson

et al., 2020). Given the knowledge and practice gaps identified

among pharmacy students in our study, establishing
comprehensive AFS programs with these evidence-based
strategies becomes even more imperative for healthcare

institutions in Zambia and similar settings.

While this study achieved its target sample size, the reliance on
traditional survey distribution methods may have introduced
participation bias and limited the comprehensiveness of data
collection. Recent research in AMS studies has demonstrated
that innovative hybrid survey distribution methods, combining
traditional approaches with digital strategies such as QR code-
targeted
significantly enhance participation rates and improve research

enabled posters and electronic campaigns, can
outcomes (Elshenawy et al., 2024). The strategic timing of
survey distribution and use of multiple communication channels
has proven particularly effective in engaging busy healthcare
professionals and students (Elshenawy et al, 2024). Future
studies investigating AFR and AFS knowledge could benefit
from implementing these evidence-based distribution strategies
to potentially increase response rates, reduce sampling bias, and
enhance the overall quality of data collection, particularly in
resource-limited settings where maximising participation is
crucial for generating robust evidence to inform educational and
policy interventions. It is against the identified gaps of KAP
among future HCPs that AFSPs be instigated in universities,
healthcare facilities, and communities, similar to previous
recommendations (Albahar et al., 2024; Bienvenu et al., 2022;
Chakrabarti et al.,, 2025; Johnson et al., 2020; Procacci et al.,
2024; Ray et al., 2023).

The findings of this study are consistent with previous studies
conducted in similar settings, which have reported gaps between
knowledge and practice among healthcare students. However,
differences observed across studies may be attributed to
variations in curriculum design, exposure to clinical training,
These
differences highlight the importance of tailoring educational

and access to stewardship programs. contextual
interventions to local healthcare systems and resource availability.

The findings of this study highlight critical gaps in knowledge
and practice of AFR and AFS among pharmacy students in
Zambia, despite generally positive attitudes. These results
underscore the urgent need to strengthen pharmacy curricula by
integrating comprehensive AFR and AFS content across all
academic years, with emphasis on early and progressive training
(Table 4). Regulatory policies must also be reinforced to limit
inappropriate access to antifungals, particularly the sales of
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TABLE 4 Policy implications and practice of the study findings.

Key finding

Policy implication

10.3389/feduc.2026.1846353

Practice implication

Only 18.1% of students had good knowledge of AFR and
AFS

A total of 67.7% students demonstrated positive

attitudes, especially in later years

Only 2.4% demonstrated good practices, with high rates
of self-medication and recommending antifungals
inappropriately

Overall, 38.9% reported buying antifungals without a
prescription

Overall, 39.9% perceived the current training on AFR as

insufficient

Fourth-year students had significantly better attitudes
(aOR=5.10)

Married students showed better practices (aOR=2.75)

Urban students were less likely to practice appropriately

(aOR=0.11)

High willingness (91.6%) among students for formal
training on antifungal use
Misuse of antifungals for UTIs and colds indicates poor

diagnostic understanding

Revise and strengthen pharmacy curricula to include
comprehensive AFR and AFS modules across all academic

years

Leverage positive attitudes to introduce early stewardship

training and reinforce responsible antifungal use

Develop national guidelines restricting non-prescription

access to antifungals and enforce regulatory controls

Enforce stronger pharmacy regulation to curb over-the-
counter sales of antifungals without prescriptions

The Ministry of Education and Health should collaborate
to standardise AFR/AFS teaching across health professions
programs

Introduce structured AFS education earlier (second and
third year), not only in the senior years

Incorporate behavioural and social science insights into
AFR education, recognising maturity and responsibility
factors

Implement public health awareness campaigns targeting

urban settings to reduce the self-medication culture

Institutionalise antifungal stewardship training as a
mandatory part of health professional curricula
Strengthen diagnostic stewardship policies within medical

and pharmacy education

Integrate case-based learning, simulations, and

diagnostic stewardship exercises into training

Encourage student participation in antifungal
stewardship programs, campaigns, and peer

education

Promote responsible dispensing practices and
patient counselling during training and
internships

Encourage pharmacists-in-training to practice
ethical dispensing and report inappropriate access
Expand workshops, seminars, and continuous
professional development (CPD) opportunities
on AFR

Scaffold stewardship competencies progressively
across the program

Encourage mentorship and peer-learning models

where senior/mature students guide juniors

Train pharmacy students in community
engagement strategies to promote safe antifungal
use

Engage students in hospital- and community-
based AFR surveillance and stewardship activities
Train students in differential diagnosis, rational

prescribing, and interprofessional collaboration

prescription-only antifungals without prescriptions, which remain
a major driver of misuse. Furthermore, targeted capacity-building
initiatives such as workshops, simulations, and continuous
professional development programs are necessary to translate
positive student attitudes into appropriate practice. Collaborative
efforts between the Ministry of Health, higher education
institutions, and regulatory bodies are essential to standardise
stewardship training, enforce dispensing regulations, and foster
responsible antifungal use. Ultimately, embedding AFS in HCP
education will play a pivotal role in safeguarding the
effectiveness of antifungals and combating the growing threat of
AFR in Zambia going forward.

The observed gap between positive attitudes and poor
knowledge and practice may be explained by several factors.
While students may develop favourable perceptions of AFR and
AFS through theoretical exposure, insufficient emphasis on
practical application, clinical decision-making, and diagnostic
stewardship may limit their ability to translate knowledge into
practice. Additionally, limited exposure to real-world AMS
interventions, inadequate integration of stewardship concepts
across academic levels, and prevailing societal practices such as
self-medication may further contribute to this disconnect. These
findings highlight the need for experiential learning approaches,
including case-based training, simulations, and clinical rotations,
to reinforce the application of AFS principles.

Frontiers in Education

4.1 Limitations and strengths of the study

This study has several limitations that should be considered
when interpreting the findings. First, the cross-sectional design
captured the knowledge, attitudes, and practices (KAP) of
pharmacy students regarding antifungal resistance (AFR) and
antifungal stewardship (AFS) at a single point in time, and
therefore does not allow for the establishment of causal
relationships or the assessment of temporal changes. Second, the
study relied on self-reported responses, which may be subject to
social desirability bias and recall bias, potentially resulting in the
overestimation of knowledge levels or positive practices. Third,
the study was conducted at a single higher education institution,
which may limit the generalizability of the findings to pharmacy
students in other universities in Zambia or in different
educational contexts. Additionally, the use of a structured
questionnaire may not fully capture the complexity of students’
competencies and practical decision-making related to antifungal
stewardship. Future studies should consider longitudinal or
mixed-methods approaches, incorporate objective assessments of
practice (such as case-based or simulated prescribing scenarios),
and include multiple institutions across different regions to
enhance the robustness and generalizability of the findings.
Nevertheless, despite these limitations, this study provides

important baseline evidence on pharmacy students’ preparedness
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in relation to AFR and AFS, and offers valuable insights that
can inform curriculum development, training interventions,
and policy initiatives aimed at

strengthening antifungal

stewardship education.

5 Conclusions

Despite generally positive attitudes towards antifungal
resistance and stewardship, pharmacy students demonstrated
gaps
practice. These findings underscore the urgent need to

substantial in knowledge and, most notably, in
strengthen pharmacy curricula through comprehensive and
practical antifungal stewardship training, with a focus on
appropriate  clinical and

translating  knowledge into

dispensing practices.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by University
of Zambia Health Sciences Research Ethics Committee. The
local
legislation and institutional requirements. The participants

studies were conducted in accordance with the

provided their written informed consent to participate in
this study.

Author contributions

StM: Methodology,
acquisition, Validation, Conceptualization, Writing — original

Project administration, Funding
draft, Supervision, Formal analysis, Writing — review & editing,
Software, Investigation, Data curation, Resources, Visualization.
BC: Writing — review & editing, Conceptualization, Writing —
original draft, Investigation. MoM: Validation, Writing — review
& editing, Formal analysis, Writing — original draft, Software.
WM: Data curation, Writing — review & editing, Software,
Writing — original draft. VD: Writing — review & editing, Data
curation, Writing — original draft. PN: Software, Writing —
original draft, Writing — review & editing, Investigation. MK:
Validation, Writing — review & editing, Writing — original draft.
KK: Validation, Writing — review & editing, Writing — original
draft. MaM: Writing — original draft, Writing — review &
editing, Validation. JF: Validation, Writing — original draft,
Writing — review & editing. AL: Validation, Writing — review &
editing, Writing — original draft. NM: Validation, Writing —
review & editing, Writing — original draft. MG: Writing —
original draft, Data curation, Writing — review & editing. AC:
Writing — review & editing, Writing — original draft, Data
curation. ShM: Writing — original draft, Writing — review &
editing, Validation. JM: Writing — original draft, Data curation,

Frontiers in Education

10.3389/feduc.2026.1846353

Writing — review & editing. BM: Writing — original draft,
Writing — review & editing, Data curation. MH: Validation,
Writing — review & editing, Writing — original draft. TM:
Validation, Writing — review & editing, Writing — original draft.
TC: Writing — review & editing, Writing — original draft,
Validation. MuM: Writing — review & editing, Writing —
original draft, Data curation. FM: Writing — original draft, Data
curation, Writing — review & editing. RT: Writing — original
draft, Data curation, Writing — review & editing. MZ: Data
curation, Writing — review & editing, Writing — original draft.
JH: Writing — original draft, Data curation, Writing — review &
editing. AM: Writing — original draft, Data curation, Writing —
review & editing. IS: Writing — review & editing, Writing —
original draft, Validation. MS: Writing — review & editing, Data
curation, Writing — original draft. RA: Validation, Writing —
review & editing, Data curation, Writing — original draft. SJ:
Writing — review & editing, Validation, Writing — original draft.
JM: Writing — original draft, Validation, Writing — review &
editing, Supervision, Data curation. BG: Supervision, Writing —
review & editing, Writing — original draft, Validation.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Acknowledgments

We acknowledge the participants for participating in this
study. We are also grateful to the Levy Mwanawasa Medical
University management for allowing us to conduct a study at
their institution.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’'s note

All claims expressed in this article are solely those of
the authors and do not necessarily represent those of

frontiersin.org


https://doi.org/10.3389/feduc.2026.1846353
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Mudenda et al.

their affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by
the publisher.
References

Achilonu, C. C., Davies, A., Kanu, O. O., Noel, C. B., and Oladele, R. (2023). Recent
advances and future perspectives in mitigating invasive antifungal-resistant pathogen
Aspergillus fumigatus in Africa. Curr. Treat. Options Infect. Dis. 16, 14-33. doi: 10.
1007/s40506-023-00269-4

Africa, C. W. ], and Abrantes, P. M. S. (2017). Candida antifungal drug resistance in
Sub-Saharan African populations: a systematic review. FI000Res. 5, 2832. doi: 10.
12688/f1000research.10327.1

Agrawal, S., Barnes, R., Briiggemann, R. J., Rautemaa-Richardson, R., and Warris, A.
(2016). The role of the multidisciplinary team in antifungal stewardship.
J. Antimicrob. Chemother. 71, ii37—ii42. doi: 10.1093/jac/dkw395

Albahar, F., Alhamad, H., Abu Assab, M., Abu-Farha, R., Alawi, L., and Khaleel, S.
(2024). The impact of antifungal stewardship on clinical and performance
measures: a global systematic review. Trop. Med. Infect. Dis. 9, 8. doi: 10.3390/
tropicalmed9010008

Alegria, W., and Patel, P. K. (2021). The current state of antifungal stewardship in
immunocompromised populations. J. Fungi 7, 352. doi: 10.3390/jof7050352

Alshehri, A. A., and Khawagi, W. Y. (2025). Knowledge, awareness, and perceptions
towards antibiotic use, resistance, and antimicrobial stewardship among final-year
medical and pharmacy students in Saudi Arabia. Antibiotics 14, 116. doi: 10.3390/
antibiotics14020116

Ananda-Rajah, M. R., Slavin, M. A,, and Thursky, K. T. (2012). The case for
antifungal stewardship. Curr. Opin. Infect. Dis. 25, 107-115. doi: 10.1097/QCO.
0B013E32834E0680

Arastehfar, A., Gabaldon, T., Garcia-Rubio, R., Jenks, J. D., Hoenigl, M., Salzer,
H. J. F, et al. (2020). Drug-resistant fungi: an emerging challenge threatening our
limited antifungal armamentarium. Antibiotics 9, 1-29. doi: 10.3390/
antibiotics9120877

Arastehfar, A, Shaban, T., Zarrinfar, H., Roudbary, M., Ghazanfari, M., Hedayati, M.-
T., et al. (2021). Candidemia among Iranian patients with severe COVID-19 admitted
to ICUs. J. Fungi 7, 280. doi: 10.3390/jof7040280

Arendrup, M. C,, and Patterson, T. F. (2017). Multidrug-resistant candida:
epidemiology, molecular mechanisms, and treatment. J. Infect. Dis. 216, S445-S451.
doi: 10.1093/infdis/jix131

Bienvenu, A.-L., Pavese, P., Leboucher, G., Berger, P, Roux, S., Charmillon, A, et al.
(2022). Practical checklist for implementation of antifungal stewardship programmes.
J. Med. Microbiol. 71, 001560. doi: 10.1099/jmm.0.001560

Chakrabarti, A., Oladele, R., Hermsen, E., Novis de Figueiredo, M. L., Muiioz, P., and
Johnson, M. (2025). Building upon the core elements of antifungal stewardship:
practical recommendations for effective antifungal stewardship in resource-limited
settings. Expert Rev. Anti. Infect. Ther. 23, 597-615. doi: 10.1080/14787210.2025.
2479011

Cotta, M. O., Robertson, M. S., Marshall, C., Thursky, K. A., Liew, D., and Buising,
K. L. (2015). Implementing antimicrobial stewardship in the Australian private
hospital system: a qualitative study. Aust. Health Rev 39, 315-322. doi: 10.1071/
AH14111

Cox, J. A., Vlieghe, E., Mendelson, M., Wertheim, H., Ndegwa, L., Villegas, M. V.,
et al. (2017). Antibiotic stewardship in low- and middle-income countries: the
same but different? Clin. Microbiol. Infect. 23, 812-818. doi: 10.1016/j.cmi.2017.07.
010

Denning, D. (2024). Global incidence and mortality of severe fungal disease. Lancet.
Infect. Dis. 24, e428—e438. doi: 10.1016/S1473-3099(23)00692-8

Denning, D. W. (2022). Antifungal drug resistance: an update. Eur. J. Hosp. Pharm.
29, 109-112. doi: 10.1136/ejhpharm-2020-002604

Elshenawy, R. A., Umaru, N., Alharbi, A. B., and Aslanpour, Z. (2023). Antimicrobial
stewardship implementation before and during the COVID-19 pandemic in the acute
care settings: a systematic review. BMC Public Health 23, 309. doi: 10.1186/s12889-
023-15072-5

Elshenawy, R. A, Umaru, N., and Aslanpour, Z. (2024). Novel survey distribution
methods: impact on antimicrobial resistance research outcomes. JAC Antimicrob.
Resist. 6, dlae055. doi: 10.1093/jacamr/dlae055

Ferris, D. G., Nyirjesy, P., Sobel, J. D., Soper, D., Pavletic, A., and Litaker, M. S.
(2002). Over-the-counter antifungal drug misuse associated with patient-diagnosed
vulvovaginal candidiasis. Obstet. Gynecol. 99, 419-425. doi: 10.1016/S0029-7844(01)
01759-8

Frontiers in Education

11

10.3389/feduc.2026.1846353

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/feduc.2026.
1846353/full#supplementary-material

Fisher, M. C., Alastruey-Izquierdo, A., Berman, J., Bicanic, T., Bignell, E. M., Bowyer,
P, et al. (2022). Tackling the emerging threat of antifungal resistance to human
health. Nat. Rev. Microbiol. 20, 557-571. doi: 10.1038/s41579-022-00720-1

Ghannoum, M. A, and Rice, L. B. (1999). Antifungal agents: mode of action,
mechanisms of resistance, and correlation of these mechanisms with bacterial
resistance. Clin. Microbiol. Rev. 12, 501-517. doi: 10.1128/cmr.12.4.501

Godman, B., Egwuenu, A., Haque, M., Malande, O. O., Schellack, N., Kumar, S., et al.
(2021). Strategies to improve antimicrobial utilization with a special focus on
developing countries. Life 11, 528. doi: 10.3390/1ife11060528

Gomez-Chaves, C. 1., Diaz-Brochero, C., Nocua-Bdez, L. C., and Cortés, J. A. (2025).
FungiCAP survey: insights into Physicians’ knowledge, attitudes and practices in
antifungal prescriptions in Colombia. J. Eval. Clin. Pract. 31, €70040. doi: 10.1111/
jep.70040

Gupta, A. K., Venkataraman, M., Renaud, H. J., Summerbell, R., Shear, N. H., and Piguet,
V. (2021). The increasing problem of treatment-resistant fungal infections: a call for
antifungal stewardship programs. Int. J. Dermatol. 60, e474—e479. doi: 10.1111/ijd.15495

Hamdy, R. F., Zaoutis, T. E, and Seo, S. K. (2017). Antifungal stewardship
considerations for adults and pediatrics. Virulence 8, 658-672. doi: 10.1080/
21505594.2016.1226721

Hart, E., Nguyen, M., Allen, M., Clark, C. M., and Jacobs, D. M. (2019). A systematic
review of the impact of antifungal stewardship interventions in the United States.
Ann. Clin. Microbiol. Antimicrob. 18, 24. doi: 10.1186/S12941-019-0323-Z

Hassoun, N., Kassem, I. I, Hamze, M., El Tom, J., Papon, N., and Osman, M. (2023).
Antifungal use and resistance in a lower—middle-income country: the case of
Lebanon. Antibiotics 12, 1063. doi: 10.3390/antibiotics12091413

Ibrahim, S. M., Adlan, N., Alomair, S. M., Butaiban, 1., Alsalman, A., Bawazeer, A.,
et al. (2023). Evaluation of systemic antifungal prescribing knowledge and practice
in the critical care setting among ICU physicians and clinical pharmacists: a cross-
sectional study. Antibiotics 12, 238. doi: 10.3390/antibiotics12020238

Jacob, A., John, J. S., Alexander, H., George, B., Selvarajan, S., Samuel, P., et al. (2025).
A study on the effectiveness of an antifungal stewardship program in
immunocompromised patients in a tertiary-care teaching hospital: the antifungal
stewardship (TAFS) study. Indian ]J. Med. Microbiol. 55, 100865. doi: 10.1016/j.
ijmmb.2025.100865

Jamiu, A. T., Albertyn, J., Sebolai, O. M., and Pohl, C. H. (2021). Update on Candida
krusei, a potential multidrug-resistant pathogen. Med. Mycol. 59, 14-30. doi: 10.1093/
mmy/myaa031

Johnson, M. D., Lewis, R. E., Dodds Ashley, E. S., Ostrosky-Zeichner, L., Zaoutis, T,
Thompson, G. R,, et al. (2020). Core recommendations for antifungal stewardship: a
statement of the mycoses study group education and research consortium. J. Infect.
Dis. 222, S175-S198. doi: 10.1093/INFDIS/JIAA394

Kainz, K., Bauer, M. A., Madeo, F., and Carmona-Gutierrez, D. (2020). Fungal
infections in humans: the silent crisis. Microb. Cell 7, 143-145. doi: 10.15698/
mic2020.06.718

Kanafani, Z. A., and Perfect, J. R. (2008). Resistance to antifungal agents: mechanisms
and clinical impact. Clin. Infect. Dis. 46, 120-128. doi: 10.1086/524071

Kara, E., Metan, G., Bayraktar-Ekincioglu, A., Gulmez, D., Arikan-Akdagli, S.,
Demirkazik, F., et al. (2021). Implementation of pharmacist-driven antifungal
stewardship program in a tertiary care hospital. Antimicrob. Agents Chemother. 65,
€00629-e00621. doi: 10.1128/AAC.00629-21

Khairy, W. A, Nasser, H. A, Sarhan, M. D,, El Shamy, A. A,, and Galal, Y. S. (2021).
Prevalence and predictors of self-medication with antifungal drugs and herbal
products among university students: a cross-sectional study from Egypt. Risk
Manag. Healthc. Policy 14, 2191-2200. doi: 10.2147/RMHP.S308400

Khalifa, H. O., Hubka, V., Watanabe, A., Nagi, M., Miyazaki, Y., Yaguchi, T., et al.
(2022). Prevalence of antifungal resistance, genetic basis of acquired azole and
echinocandin resistance, and genotyping of Candida krusei recovered from an
international collection. Antimicrob. Agents Chemother. 66, €0185621. doi: 10.1128/
AAC.01856-21

Khan, F. U,, Khan, A., Shah, S., Hayat, K., Usman, A., Khan, F. U,, et al. (2021).
Exploring undergraduate pharmacy students perspectives towards antibiotics use,
antibiotic resistance, and antibiotic stewardship programs along with the pharmacy
teachers’ perspectives: a mixed-methods study from Pakistan. Front. Pharmacol. 12,
754000. doi: 10.3389/fphar.2021.754000

frontiersin.org


https://www.frontiersin.org/articles/10.3389/feduc.2026.1846353/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/feduc.2026.1846353/full#supplementary-material
https://doi.org/10.1007/s40506-023-00269-4
https://doi.org/10.1007/s40506-023-00269-4
https://doi.org/10.12688/f1000research.10327.1
https://doi.org/10.12688/f1000research.10327.1
https://doi.org/10.1093/jac/dkw395
https://doi.org/10.3390/tropicalmed9010008
https://doi.org/10.3390/tropicalmed9010008
https://doi.org/10.3390/jof7050352
https://doi.org/10.3390/antibiotics14020116
https://doi.org/10.3390/antibiotics14020116
https://doi.org/10.1097/QCO.0B013E32834E0680
https://doi.org/10.1097/QCO.0B013E32834E0680
https://doi.org/10.3390/antibiotics9120877
https://doi.org/10.3390/antibiotics9120877
https://doi.org/10.3390/jof7040280
https://doi.org/10.1093/infdis/jix131
https://doi.org/10.1099/jmm.0.001560
https://doi.org/10.1080/14787210.2025.2479011
https://doi.org/10.1080/14787210.2025.2479011
https://doi.org/10.1071/AH14111
https://doi.org/10.1071/AH14111
https://doi.org/10.1016/j.cmi.2017.07.010
https://doi.org/10.1016/j.cmi.2017.07.010
https://doi.org/10.1016/S1473-3099(23)00692-8
https://doi.org/10.1136/ejhpharm-2020-002604
https://doi.org/10.1186/s12889-023-15072-5
https://doi.org/10.1186/s12889-023-15072-5
https://doi.org/10.1093/jacamr/dlae055
https://doi.org/10.1016/S0029-7844(01)01759-8
https://doi.org/10.1016/S0029-7844(01)01759-8
https://doi.org/10.1038/s41579-022-00720-1
https://doi.org/10.1128/cmr.12.4.501
https://doi.org/10.3390/life11060528
https://doi.org/10.1111/jep.70040
https://doi.org/10.1111/jep.70040
https://doi.org/10.1111/ijd.15495
https://doi.org/10.1080/21505594.2016.1226721
https://doi.org/10.1080/21505594.2016.1226721
https://doi.org/10.1186/S12941-019-0323-Z
https://doi.org/10.3390/antibiotics12091413
https://doi.org/10.3390/antibiotics12020238
https://doi.org/10.1016/j.ijmmb.2025.100865
https://doi.org/10.1016/j.ijmmb.2025.100865
https://doi.org/10.1093/mmy/myaa031
https://doi.org/10.1093/mmy/myaa031
https://doi.org/10.1093/INFDIS/JIAA394
https://doi.org/10.15698/mic2020.06.718
https://doi.org/10.15698/mic2020.06.718
https://doi.org/10.1086/524071
https://doi.org/10.1128/AAC.00629-21
https://doi.org/10.2147/RMHP.S308400
https://doi.org/10.1128/AAC.01856-21
https://doi.org/10.1128/AAC.01856-21
https://doi.org/10.3389/fphar.2021.754000
https://doi.org/10.3389/feduc.2026.1846353
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Mudenda et al.

Kneale, M., Bartholomew, J. S., Davies, E., and Denning, D. W. (2016). Global access
to antifungal therapy and its variable cost. J. Antimicrob. Chemother. 71, 3599-3606.
doi: 10.1093/jac/dkw325

Langfeldt, A., Gold, J. A. W., and Chiller, T. (2022). Emerging fungal infections: from
the fields to the clinic, resistant Aspergillus fumigatus and dermatophyte species: a
one health perspective on an urgent public health problem. Curr. Clin. Microbiol.
Rep. 9, 46-51. doi: 10.1007/s40588-022-00181-3

Lee, Y., Puumala, E., Robbins, N.,, and Cowen, L. E. (2021). Antifungal drug
resistance: molecular mechanisms in Candida albicans and beyond. Chem. Rev.
121, 3390-3411. doi: 10.1021/acs.chemrev.0c00199

Lenhart, K. (1968). Determination of griseofulvin sensitivity by mycelial growth test.
Mycoses 11, 195-204. doi: 10.1111/].1439-0507.1968.TB03321.X

Lockhart, S. R., Chowdhary, A., and Gold, J. A. W. (2023). The rapid emergence of
antifungal-resistant human-pathogenic fungi. Nat. Rev. Microbiol 21, 818-832.
doi: 10.1038/s41579-023-00960-9

Magbool, T., Ishaq, H., Shakeel, S., Rehman, H., Sarfaraz, S., Sadia, H., et al. (2026).
Assessing antifungal stewardship competency among pharmacy students: key
findings and implications for clinical practice. Front. Public Health 14, 1717645.

McCarty, T. P., and Pappas, P. G. (2021). Antifungal pipeline. Front. Cell. Infect.
Microbiol. 11, 732223. doi: 10.3389/fcimb.2021.732223

Mendelson, M., and Matsoso, M. P. (2015). The world health organization global
action plan for antimicrobial resistance. South African Med. J. 105, 325. doi: 10.
7196/SAM].9644

Micallef, C., Aliyu, S. H., Santos, R., Brown, N. M., Rosembert, D., and Enoch, D. A.
(2014). Introduction of an antifungal stewardship programme targeting high-cost
antifungals at a tertiary hospital in Cambridge. England. ]. Antimicrob. Chemother.
70, 1908-1911. doi: 10.1093/jac/dkv040

Micallef, C., Ashiru-Oredope, D., Hansraj, S., Denning, D. W., Agrawal, S. G,
Manuel, R. J., et al. (2017). An investigation of antifungal stewardship programmes
in England. J. Med. Microbiol. 66, 1581-1589. doi: 10.1099/jmm.0.000612

Mudenda, S. (2024). Global burden of fungal infections and antifungal resistance
from 1961 to 2024: findings and future implications. Pharmacol. Pharm. 15,
81-112. doi: 10.4236/PP.2024.154007

Mudenda, S., Chabalenge, B., Daka, V., Mfune, R. L., Salachi, K. I., Mohamed, S.,
et al. (2023a). Global strategies to combat antimicrobial resistance: a one health
perspective. Pharmacol. Pharm. 14, 271-328. doi: 10.4236/PP.2023.148020

Mudenda, S., Chabalenge, B., Kasanga, M., Mufwambi, W., Mfune, R. L., Daka, V.,
et al. (2023b). Antifungal resistance and stewardship: a call to action in Zambia.
PAM]J 45, 152. doi: 10.11604/PAM].2023.45.152.41232

Mudenda, S., Chisha, P., Chabalenge, B., Daka, V., Mfune, R. L., Kasanga, M., et al.
(2023c¢). Antimicrobial stewardship: knowledge, attitudes and practices regarding
antimicrobial use and resistance among non-healthcare students at the university
of Zambia. JAC Antimicrob. Resist. 5, dlad116. doi: 10.1093/JACAMR/DLAD116

Mudenda, S., Hakayuwa, C. M., Lubanga, A. F., Kasanga, M., Daka, V., Salachi, K. L,
et al. (2025). Global antimicrobial stewardship, surveillance, and infection prevention
and control programs: leveraging one health, nanotechnology, and artificial
intelligence to combat antimicrobial resistance in a climate-impacted world.
Pharmacol. Pharm. 16, 197-291. doi: 10.4236/PP.2025.167014

Mudenda, S., Matafwali, S. K., Mukosha, M., Daka, V., Chabalenge, B., Chizimu, J., et al.
(2023d). Antifungal resistance and stewardship: a knowledge, attitudes and practices
survey among pharmacy students at the university of Zambia; findings and
implications. JAC Antimicrob. Resist. 5, dlad141. doi: 10.1093/JACAMR/DLAD141

Mudenda, S., Mukela, M., Matafwali, S., Banda, M., Mutati, R. K., Muungo, L. T,
et al. (2022). Knowledge, attitudes, and practices towards antibiotic use and
antimicrobial resistance among pharmacy students at the university of Zambia:
implications for antimicrobial stewardship programmes. Sch. Acad. J. Pharm. 11,
117-124. doi: 10.36347/sajp.2022.v11i08.002

Mufwambi, W., Stingl, J., Masimirembwa, C., Manasa, J., Nhachi, C,, Stadler, N, et al.
(2021). Healthcare Professionals’ knowledge of pharmacogenetics and attitudes
towards antimicrobial utilization in Zambia: implications for a precision medicine
approach to reducing antimicrobial resistance. Front. Pharmacol. 11, 2183. doi: 10.
3389/fphar.2020.551522

Nguyen, D. D. H,, Chau, G. L. L., Reali, S., Watts, M. R., Douglas, M. W., Beardsley,
J. et al. (2025). Enhancing antifungal stewardship: the educational and healthcare
benefits of involving pharmacy students in audits. Med. Mycol. 63, myaf074.
doi: 10.1093/mmy/myaf074

Nucci, M., Barreiros, G., Guimaraes, L. F., Deriquehem, V. A. S., Castifieiras, A. C,,
and Nouér, S. A. (2021). Increased incidence of candidemia in a tertiary care hospital
with the COVID-19 pandemic. Mycoses 64, 152-156. doi: 10.1111/myc.13225

Oliveira, M., Oliveira, D., Lisboa, C., Boechat, J. L., and Delgado, L. (2023). Clinical
manifestations of human exposure to fungi. J. Fungi 9, 381. doi: 10.3390/j0f9030381

Osherov, N., and Kontoyiannis, D. P. (2017). The anti-Aspergillus drug pipeline: is
the glass half full or empty? Med. Mycol. 55, 118-124. doi: 10.1093/mmy/myw060

Otieno, P. A., Campbell, S., Maley, S., Obinju Arunga, T., and Otieno Okumu, M.
(2022). A systematic review of pharmacist-led antimicrobial stewardship programs
in Sub-Saharan Africa. Int. J. Clin. Pract. 2022, 3639943. doi: 10.1155/2022/3639943

Frontiers in Education

12

10.3389/feduc.2026.1846353

Pai, V., Ganavalli, A., and Kikkeri, N. N. (2018). Antifungal resistance in
dermatology. Indian J. Dermatol. 63, 361. doi: 10.4103/IJD.IJD_131_17

Paiva Macedo, J., and Dias, V. C. (2024). Antifungal resistance: why are we losing this
battle? Future. Microbiol. 19, 1027—-1040. doi: 10.1080/17460913.2024.2342150

Pandey, N., Shukla, S. D., Pandey, P., Upadhyay, S., and Sahai, S. (2026). Kap assessment
regarding antifungal resistance and antifungal stewardship among medical
undergraduates: a cross-sectional questionnaire-based survey. Asian J. Med. Res.
Health Sci. 4, 1380-1387. doi: 10.65605/A-JMRHS.2026.V04.101.PP1380-1387

Papadimitriou-Olivgeris, M., Andrianaki, A. M., Marangos, M., Sipsas, N,
Apostolidi, E. A., Maltezos, E., et al. (2020). Hospital-wide antifungal prescription
in Greek hospitals: a multicenter repeated point-prevalence study. Eur. J. Clin.
Microbiol. Infect. Dis. 39, 243-248. doi: 10.1007/s10096-019-03713-w

Pauwels, L., Versporten, A., Ashiru-Oredope, D., Costa, S. F., Maldonado, H., and
Porto, A. P. M. (2025). Implementation of hospital antimicrobial stewardship
programmes in low- and middle-income countries: a qualitative study from a
multi-professional perspective in the global-PPS network. Antimicrob. Resist. Infect.
Control. 14, 26. doi: 10.1186/S13756-025-01541-6/FIGURES/2

Perea, S., and Patterson, T. F. (2002). Antifungal resistance in pathogenic fungi. Clin.
Infect. Dis. 35, 1073-1080. doi: 10.1086/344058

Perlin, D. S. (2015). Mechanisms of echinocandin antifungal drug resistance.
Ann. N. Y. Acad. Sci. 1354, 1-11. doi: 10.1111/nyas.12831

Procacci, C., Marras, L., Maurmo, L., Vivanet, G., Scalone, L., and Bertolino, G.
(2024). Antifungal stewardship in invasive fungal infections, a systematic review.
Adv. Exp. Med. Biol. 1476, 49-68. doi: 10.1007/5584_2024_798

Rabaan, A. A, Sulaiman, T., Al-Ahmed, S. H., Buhaliqah, Z. A., Buhaliqah, A. A,,
AlYuosof, B., et al. (2023). Potential strategies to control the risk of antifungal
resistance in humans: a comprehensive review. Antibiotics 12, 608. doi: 10.3390/
antibiotics12030608

Ray, A., Das, A,, and Panda, S. (2023). Antifungal stewardship: what we need to
know. Indian J. Dermatol. Venereol. Leprol. 89, 5-11. doi: 10.25259/]JDVL_91_2022

Reddy, G. K. K., Padmavathi, A. R,, and Nancharaiah, Y. V. (2022). Fungal infections:
pathogenesis, antifungals and alternate treatment approaches. Curr. Res. Microb. Sci.
3, 100137. doi: 10.1016/j.crmicr.2022.100137

Revie, N. M., Iyer, K. R., Robbins, N., and Cowen, L. E. (2018). Antifungal drug
resistance: evolution, mechanisms and impact. Curr. Opin. Microbiol. 45, 70-76.
doi: 10.1016/j.mib.2018.02.005

Ruhnke, M. (2014). Antifungal stewardship in invasive Candida infections. Clin.
Microbiol. Infect. 20, 11-18. doi: 10.1111/1469-0691.12622

Sahu, S., Panda, A., Dash, S., Ramani, Y., and Behera, J. (2023). Changing pattern of
antifungal drug resistance in a tertiary health-care facility—a cross-sectional study.
Curr. Med. Issues 21, 208-213. doi: 10.4103/cmi.cmi_63_23

Samura, M., Hirose, N., Kurata, T., Ishii, J., Nagumo, F., Takada, K., et al. (2020). Support
for fungal infection treatment mediated by pharmacist-led antifungal stewardship
activities. J. Infect. Chemother. 26, 272-279. doi: 10.1016/j.jiac.2019.09.016

Shrestha, R. (2019). Knowledge, attitude and practice on antibiotics use and its
resistance among medical students in a tertiary care hospital. J. Nepal Med. Assoc
57, 74-79. doi: 10.31729/jnma.4224

Siachalinga, L., Mufwambi, W., and Lee, I.-H. (2022). Impact of antimicrobial
stewardship interventions to improve antibiotic prescribing for hospital inpatients
in Africa: a systematic review and meta-analysis. J. Hosp. Infect. 129, 124-143.
doi: 10.1016/j.jhin.2022.07.031

Stevenson, E. M., Gaze, W. H., Gow, N. A. R,, Hart, A., Schmidt, W., Usher, ., et al.
(2022). Antifungal exposure and resistance development: defining minimal selective
antifungal concentrations and testing methodologies. Front. Fungal Biol. 3, 918717.
doi: 10.3389/ffunb.2022.918717

Stover, K. R., Hawkins, B. K., Keck, J. M., Barber, K. E., and Cretella, D. A. (2023).
Antifungal resistance, combinations and pipeline: oh my!. Drugs Context 12, 1-23.
doi: 10.7573/dic.2023-7-1

Talento, A. F., Qualie, M., Cottom, L., Backx, M., and White, P. L. (2021). Lessons
from an educational invasive fungal disease conference on hospital antifungal
stewardship practices across the UK and Ireland. J. Fungi 7, 801. doi: 10.3390/
jof7100801

Urbancic, K. F., Thursky, K., Kong, D. C. M., Johnson, P. D. R,, and Slavin, M. A.
(2018). Antifungal stewardship: developments in the field. Curr. Opin. Infect. Dis.
31, 490-498. doi: 10.1097/QC0O.0000000000000497

Valerio, M., Muioz, P., Rodriguez, C. G., Caliz, B., Padilla, B., Ferndndez-Cruz, A.,
et al. (2015). Antifungal stewardship in a tertiary-care institution: a bedside
intervention. Clin. Microbiol. Infect. 21, 492.e1-492.€9. doi: 10.1016/j.cmi.2015.01.
013

van Rhijn, N., Arikan-Akdagli, S., Beardsley, J., Bongomin, F., Chakrabarti, A., Chen,
S. C.-A,, et al. (2024). Beyond bacteria: the growing threat of antifungal resistance.
Lancet 404, 1017-1018. doi: 10.1016/S0140-6736(24)01695-7

Vitiello, A., Ferrara, F., Boccellino, M., Ponzo, A., Cimmino, C., Comberiati, E., et al.
(2023). Antifungal drug resistance: an emergent health threat. Biomedicines 11, 1063.
doi: 10.3390/biomedicines11041063

frontiersin.org


https://doi.org/10.1093/jac/dkw325
https://doi.org/10.1007/s40588-022-00181-3
https://doi.org/10.1021/acs.chemrev.0c00199
https://doi.org/10.1111/J.1439-0507.1968.TB03321.X
https://doi.org/10.1038/s41579-023-00960-9
https://doi.org/10.3389/fcimb.2021.732223
https://doi.org/10.7196/SAMJ.9644
https://doi.org/10.7196/SAMJ.9644
https://doi.org/10.1093/jac/dkv040
https://doi.org/10.1099/jmm.0.000612
https://doi.org/10.4236/PP.2024.154007
https://doi.org/10.4236/PP.2023.148020
https://doi.org/10.11604/PAMJ.2023.45.152.41232
https://doi.org/10.1093/JACAMR/DLAD116
https://doi.org/10.4236/PP.2025.167014
https://doi.org/10.1093/JACAMR/DLAD141
https://doi.org/10.36347/sajp.2022.v11i08.002
https://doi.org/10.3389/fphar.2020.551522
https://doi.org/10.3389/fphar.2020.551522
https://doi.org/10.1093/mmy/myaf074
https://doi.org/10.1111/myc.13225
https://doi.org/10.3390/jof9030381
https://doi.org/10.1093/mmy/myw060
https://doi.org/10.1155/2022/3639943
https://doi.org/10.4103/IJD.IJD_131_17
https://doi.org/10.1080/17460913.2024.2342150
https://doi.org/10.65605/A-JMRHS.2026.V04.I01.PP1380-1387
https://doi.org/10.1007/s10096-019-03713-w
https://doi.org/10.1186/S13756-025-01541-6/FIGURES/2
https://doi.org/10.1086/344058
https://doi.org/10.1111/nyas.12831
https://doi.org/10.1007/5584_2024_798
https://doi.org/10.3390/antibiotics12030608
https://doi.org/10.3390/antibiotics12030608
https://doi.org/10.25259/IJDVL_91_2022
https://doi.org/10.1016/j.crmicr.2022.100137
https://doi.org/10.1016/j.mib.2018.02.005
https://doi.org/10.1111/1469-0691.12622
https://doi.org/10.4103/cmi.cmi_63_23
https://doi.org/10.1016/j.jiac.2019.09.016
https://doi.org/10.31729/jnma.4224
https://doi.org/10.1016/j.jhin.2022.07.031
https://doi.org/10.3389/ffunb.2022.918717
https://doi.org/10.7573/dic.2023-7-1
https://doi.org/10.3390/jof7100801
https://doi.org/10.3390/jof7100801
https://doi.org/10.1097/QCO.0000000000000497
https://doi.org/10.1016/j.cmi.2015.01.013
https://doi.org/10.1016/j.cmi.2015.01.013
https://doi.org/10.1016/S0140-6736(24)01695-7
https://doi.org/10.3390/biomedicines11041063
https://doi.org/10.3389/feduc.2026.1846353
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Mudenda et al.

Watt, K., Benjamin, D. K., and Cohen-Wolkowiez, M. (2011). Pharmacokinetics of
antifungal agents in children. Early Hum. Dev. 87, S61-S65. doi: 10.1016/j.
earlhumdev.2011.01.014

Whitney, L., Armstrong-James, D., Lyster, H. S., Reed, A. K., Dunning, J., Nwankwo,
L., et al. (2022). Antifungal stewardship in solid-organ transplantation: what is
needed? Transpl. Infect. Dis. 24, e13894. doi: 10.1111/tid.13894

Wiederhold, N. P. (2017). Antifungal resistance: current trends and future strategies
to combat. Infect. Drug Resist. 10, 249-259. doi: 10.2147/IDR.S124918

Frontiers in Education

13

10.3389/feduc.2026.1846353

Xia, J., Wang, Z, Li, T, Lu, F, Sheng, D. and Huang, W. (2022).
Immunosuppressed patients with clinically diagnosed invasive fungal infections:
the fungal Species distribution, antifungal sensitivity and associated risk factors
in a tertiary hospital of Anhui province. Infect. Drug Resist. 15, 321-333. doi: 10.
2147/IDR.S351260

Zhang, H., Wang, Y., Diao, R., Huo, X., and Zhao, Q. (2024). The practice and
evaluation of antifungal stewardship programs at a tertiary first-class hospital in
China. BMC Infect. Dis. 24, 506. doi: 10.1186/512879-024-09405-X

frontiersin.org


https://doi.org/10.1016/j.earlhumdev.2011.01.014
https://doi.org/10.1016/j.earlhumdev.2011.01.014
https://doi.org/10.1111/tid.13894
https://doi.org/10.2147/IDR.S124918
https://doi.org/10.2147/IDR.S351260
https://doi.org/10.2147/IDR.S351260
https://doi.org/10.1186/S12879-024-09405-X
https://doi.org/10.3389/feduc.2026.1846353
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

	Knowledge, attitude, and practice of antifungal resistance and stewardship among pharmacy students in Zambia: a cross-sectional study to inform antifungal stewardship programs
	Introduction
	Materials and methods
	Study design, setting, and population
	Sample size determination
	Data collection and instrument development
	Validity and reliability
	Statistical analysis
	Ethical approval

	Results
	Socio-demographic characteristics of participants
	KAP of antifungal resistance and stewardship among study participants
	Responses to knowledge, attitude, and practice statements on AFR and AFS among study participants
	Factors influencing good knowledge, attitude and practice regarding AFR and AFS among study participants

	Discussion
	Limitations and strengths of the study

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


