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ABSTRACT

Objective: This study aimed to develop and evaluate the effectiveness of a structured training
program integrating antimicrobial stewardship (AMS) and infection prevention and control (IPC)
for primary care physicians.

Material and Method: We developed a structured AMS-IPC training program for primary care
physicians. The program was conducted in Ankara, Tiirkiye with 34 participants, and knowledge
level of each participant was assessed using a pre-test, a post-test, and a follow-up test conducted
three months afier the training.

Result and Discussion: The mean pre-test score was 9.91 out of a maximum of 18 points, which
increased to 14.74 out of 18 in the post-test, indicating a statistically significant improvement.
(p<0.001). The mean score at the three-month follow-up was 13.1, demonstrating that most of the
knowledge gained was retained (p<0.001). The findings demonstrate that integrated AMS and IPC
training programs at the primary care level result in significant and sustained knowledge gains and
serve as an effective capacity-building tool in combating AMR.

Keywords: Antimicrobial stewardship, infection prevention and control, primary healthcare
services, training

oz
Amag: Bu c¢alisma, birinci basamak hekimlerine yonelik antimikrobiyal yonetim (AMY) ve
enfeksiyon onleme ve kontroliin (EOK) entegre edildigi yapilandirilmig bir egitim programi

gelistirmeyi ve etkililigini degerlendirmeyi amagladi. )
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gelistirildi. Program, Ankara, Tiirkiye'de 34 katilimci ile yiiriitiildii; her katilimcimin bilgi diizeyi
egitim oncesi test, egitim sonrasi test ve egitimden ii¢ ay sonra uygulanan izlem testi ile
degerlendirildi.

Sonu¢ ve Tartisma: Egitim oncesi ortalama puan 18 tizerinden 9.91 iken, egitim sonrasi 14.74°e
yiikseldi ve bu artis istatistiksel olarak anlamliydi (p < 0.001). Ugiincii ay izlem ortalama puani 13.1
olup, kazanilan bilginin biiyiik él¢iide korundugunu gostermektedir (p < 0.001). Bulgular, birinci
basamak diizeyinde entegre AMY ve EOK egitimlerinin anlamli ve kalici bilgi artisi sagladigini ve
antimikrobiyal direngle (AMR) miicadelede etkili bir kapasite gelistirme aract olarak islev
gordiigiinii gostermektedir.

Anahtar Kelimeler: Antimikrobiyal yonetim, birinci basamak saglk hizmetleri, egitim, enfeksiyon
onleme ve kontrol

INTRODUCTION

Antimicrobial resistance (AMR) is recognized as one of the most critical global public health
threats of our time. The World Health Organization (WHO) has described AMR as a “silent pandemic,”
warning that if not effectively addressed, it will restrict treatment options, increase morbidity and
mortality, and impose a substantial economic burden on healthcare systems [1]. Inappropriate and
unnecessary use of antimicrobials is a key driver of AMR, and such prescribing practices are widespread
in primary healthcare settings, where most antibiotic prescriptions are issued [2,3].

Primary care physicians, as the first point of contact within the healthcare system, play a critical
role in the early diagnosis and management of infections. However, the literature consistently reports
variability in their knowledge and practices regarding both infection prevention and control (IPC) and
antimicrobial stewardship (AMS), with educational needs remaining largely unmet [4]. In addition to
promoting the rational use of antimicrobial agents, infection prevention represents a key strategy in
combating AMR. The WHO highlights that IPC practices—such as hand hygiene (HH), the use of
personal protective equipment, and environmental cleaning in healthcare facilities—are effective in
breaking the chain of infection and preventing healthcare-associated infections [5]. However, evidence
suggests that adherence to IPC measures remains low in primary healthcare settings, with persistent
deficiencies at both infrastructural and behavioral levels [6,7].

As recommended by the WHO, IPC and AMS strategies should be addressed together in order to
prevent infections and promote rational antibiotic use in healthcare systems [5]. While AMS programs
have been successfully implemented in hospitals, their reach in primary care has been limited, despite
evidence showing that 80-90% of all antibiotic use occurs in outpatient settings [8]. Likewise, adherence
to IPC practices in primary care remains low, with persistent infrastructural and behavioral gaps.

Structured training programs that integrate AMS and IPC are urgently needed at the primary care
level. Nevertheless, to date, no integrated educational model specifically designed for primary care
physicians has been described in the literature [9]. Addressing this gap is critical to strengthening both
rational antimicrobial use and infection prevention in the community.

This study aimed to develop, implement, and evaluate a pilot training program for primary care
physicians that integrates AMS and IPC principles. The specific objectives were:

1. To design an evidence-based and practice-oriented training curriculum tailored to the needs of
primary care physicians.

2. To assess the immediate and mid-term effects of the training program on participants’ knowledge of
AMR, AMS, and IPC.

3. To evaluate participant satisfaction with the content, delivery, and applicability of the training
program.

4. To identify areas for improvement in future training initiatives targeting primary care physicians.

MATERIAL AND METHOD

This study was designed as a pre-test/post-test intervention to evaluate the effectiveness of a
classroom-based, interactive training program on AMS and IPC for primary care physicians. A delayed
post-test was conducted three months after the training to assess knowledge retention. The study was
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implemented in collaboration with the Ankara Family Medicine Association (ANKAHED). Written
informed consent was obtained from all participants, and data were anonymized for analysis.

A general needs assessment was conducted through an extensive literature review on AMR, AMS,
and IPC. International and national training programs were reviewed, including WHO’s OpenWHO
modules, but no integrated AMS—IPC program tailored for primary care physicians was identified. To
further refine priorities, one-on-one interviews were held with international and national experts
(Supplementary Appendix 1).

Based on expert input, the following topics were prioritized:

e Basic IPC practices (HH, personal protective equipment, environmental controls)

AMS principles in the primary care setting
o AMS strategies for common community-acquired infections (urinary tract infections, acute

tonsillopharyngitis, acute sinusitis) in primary care with case scenarios
e Multimodal strategies for [IPC implementation in the primary care setting
o Communication strategies with patients and families to reduce unnecessary antibiotic use

The curriculum was developed by a multidisciplinary trainer group: an infectious diseases
specialist with expertise in AMS, an epidemiologist/infectious diseases specialist with expertise in IPC,
a family medicine specialist with primary care experience, public health pharmacist, and a public health
specialist experienced in communication training. Draft slides were initially prepared using WHO and
national guidelines, revised by trainers, cross-checked for accuracy, and finalized after eliminating
redundancies.

The training program aimed to:

Provide participants with knowledge and skills to implement AMS strategies in daily practice.
Enhance IPC practices in family health centers.
Increase awareness of AMR and strengthen patient—family communication.
Provide supportive educational materials and tools.
Evaluate short- and mid-term retention of knowledge.
By the end of the training, participants were expected to:
Explain AMR mechanisms and public health implications.
Describe goals and principles of core IPC practices.
Apply AMS strategies effectively through case scenarios.
Implement IPC measures appropriately in family health centers.
Use communication skills to discourage unnecessary antibiotic use.

Sample size was calculated assuming a 20% knowledge increase, 5% margin of error, 95%
confidence level, and 80% power, resulting in a minimum required sample of 32 participants. To achieve
this, the program was delivered over two consecutive days (January 11-12, 2025), with a maximum of
20 participants per day. Of 50 physicians who registered, 34 attended: 10 family physicians, 8 family
medicine specialists, and 16 family medicine residents.

The training consisted of theoretical presentations, case discussions, group activities,
brainstorming, and role plays. Each session lasted a full day and was held in ANKAHED’s training
facility. Trainers were provided with printed materials during the program, and participants received
digital reference documents and slides after the 3-month follow-up test.

A 25-item questionnaire was developed with expert input. The first 7 questions assessed
demographics, while the remaining 18 covered knowledge: 10 on IPC, and 8 on AMR &AMS.
Unanswered questions were scored as incorrect. Multiple questions addressed multimodal IPC strategies
and the WHO “5 Moments for HH” to reinforce key practices. The test was administered immediately
before and after training, and again at 3 months via electronic survey. Scores were recorded out of a
maximum of 18 points.

Participant feedback was collected using Mentimeter during the sessions, including 12 closed-
ended questions (1-5 Likert scale) and 1 open-ended item. A debriefing meeting was also held with
trainers and association representatives to identify areas for improvement.

Data from the pre-test, post-test, and 3-month follow-up tests were analyzed using SPSS Version
25.0 statistical software. Mean, standard deviation, median, minimum, and maximum values were
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calculated for pre-test and post-test scores. Since the pre-test and post-test scores did not meet the
assumptions for parametric testing, nonparametric methods were applied for comparisons. Differences
between participants' median pre-test and post-test scores on the first and second training days were
assessed using the Wilcoxon Signed Rank Test.

Although 34 participants attended the training, only 28 completed the 3-month follow-up test. Of
these, one participant answered only a single question correctly; therefore, comparative dependent-
group analyses at 3 months were conducted on 27 participants, matched using their individual codes. To
evaluate the delayed effects of the training, Friedman’s test was applied to compare pre-test, immediate
post-test, and 3-month post-test scores. When significant differences were identified, post hoc analysis
was performed using the Wilcoxon Signed Rank Test with Bonferroni correction to determine the source
of the differences.

Additionally, score differences between the pre-test and post-test were calculated, and score
increases were expressed as percentages [(pre-test — post-test / pre-test) X 100]. Item-level differences
between pre-test and post-test results were also analyzed. The difference in the number of correct
responses between the pre-test and the post-test was evaluated for each item. A difference of <0 was
considered a negative effect, 1-3 was considered no effect, 4—9 was considered effective, and >10 was
considered highly effective.

The statistical significance level (alpha) was set at 0.05.

RESULT AND DISCUSSION

A total of 34 participants attended the training, with 18 on the first day and 16 on the second day.
Of the participants, 24 (70%) were women and 10 (30%) were men, with a mean age of 35.7 + 8.5 years
(median: 33, range: 26-57).

The median post-test scores on the first day, second day, and overall were significantly higher
than the corresponding median pre-test scores (p < 0.001, p < 0.001, and p < 0.001, respectively;
Wilcoxon Signed Rank Test). However, no statistically significant difference was observed between the
pre-test and post-test medians when comparing the first and second training days (p = 0.339 and p =
0.930, respectively; Mann—Whitney U Test) (Table 1). Post-test scores increased by a mean of 4.8 (+
2.9) points, corresponding to a 31.9% (+ 18.2) improvement compared to pre-test scores. Except for one
participant (2.9%) whose score remained unchanged, all other participants (97.1%) showed an increase
in their post-test scores.

Table 1. Comparison of median pre- and post-test scores for the first day, second day, and overall

First Day (n=18) Second Day (n=16) Overall (n=34)
Pre-test Post-test Pre-test Post-test Pre-test Post-test
Mean 10.39 14.72 9.38 14.75 9.91 14.74
Standard Deviation 2.50 2.63 3.284 2.62 2.896 2.586
Median 11* 15.5* 9.5% 15.5% 10%* 15.5%
Min-max 6-16 9-18 3-15 10-18 3-16 9-18

#p<0.001

The impact of the training program on individual test items showed variation. Among the 18
questions, eight (44.4%) demonstrated a highly effective improvement, with more than 15 additional
correct responses after the training. Five questions (27.8%) were found to be effective, showing an
increase of 6 to 15 correct responses. Another four questions (22.2%) exhibited limited or no effect,
with gains of five or fewer correct responses. Finally, one question (5.6%) revealed a negative effect,
with a decrease of four correct responses (Table 2). Questions showing the highest improvement
included:

e Use of personal protective equipment (+24),
e Multimodal strategy components (+20),
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e Asymptomatic bacteriuria management (+20),
o Knowledge regarding the content of body fluid exposure risk (+17),
e Acute cystitis treatment (+16).

Table 2. Item-level pre- and post-test results with effectiveness classification of the training program

First Day, Second Day,
Question . Pre-/post-test | Pre-/post-test Total . «
Number Question Theme Results Results Difference Effectiveness
(Difference) (Difference)
8 AMR as a global health issue 17/18 (+1) 16/16 (0) +1 No effect
9 Alcohol-based hand rub use 8/17 (+9) 11/14 (+3) +12 Highly effective
10 HH after Chpoe to body 13/12 (-1 11/13 (+2) +1 No effect
Perception of the need for hand .
11 hygiene before patient contact 15/18 (+3) 12/14 (+2) +5 Effective
Knowledge regarding the
12 content of body fluid exposure 10/18 (+8) 5/14 (+9) +17 Highly effective
risk
HH indications after contact . .

13 with the patient’s environment 8/12 (+4) 6/12 (+6) +10 Highly effective
14 Standard precautions 15/18 (+3) 12/15 (+3) +6 Effective
15 Use of personal protective 3/16 (+13) 3/14 (+11) +24 | Highly effective

equipment
16 Multimodal strategy 7/18 (+11) 5/14 (+9) +20 Highly effective

components
17 Implementation o'f multimodal 18/16 (-2) 13/15 (+2) 0 No effect

strategies
18 Antimicrobial stewardship 318 (+5) 6/11 (+5) +10 | Highly effective
practices in primary care

19 Antibiotic s‘slsilct?s"“ In acute 6/13 (+7) 3/12 (+9) +16 | Highly effective
20 Managing asymptomatic 112 (+11) 211 (+9) +20 Highly effective

bacteriuria

The most crucial reason for
21 unnecessary or inappropriate 15/12 (-3) 13/12 (-1) -4 Negative effect
antibiotic use in primary care
2 Causative agents of acute 12/15 (+3) 9/12 (+3) +6 Effective
siusitis
23 Calculating thsiz)‘;gd‘ﬁed Centor | 1611 (+1) 711 (+4) +5 Effective
24 Managing tonsillopharyngitis 11/14 (+3) 4/10 (+6) +9 Effective
25 Perception of multimodal 15/17 (+2) 15/16 (+1) +3 No effect
strategy components

* <0: Negative effect, 0-5: No effect, 6-15: Effective, >15: Highly effective

Comparison of pre-test, immediate post-test, and 3-month follow-up scores with Friedman’s test
showed a statistically significant difference across the three time points (p < 0.001). Post hoc analysis
(Wilcoxon Signed Rank Test with Bonferroni correction) revealed significant differences between the
post-test and pre-test (p < 0.001), and between the 3-month test and pre-test (p < 0.001). A significant
difference was also observed between the immediate post-test and the 3-month follow-up (p = 0.012).
Therefore, median scores increased significantly after the training, with some decline at 3 months, while
remaining higher than baseline (Figure 1).
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Figure 1. Distribution of knowledge test scores at baseline, immediately after training, and at 3-month
follow-up

Individual participant scores across pre-test, post-test, and 3-month follow-up has been
represented in Figure 2. Each line represents one participant’s score progression over time. Almost all
participants demonstrated an increase from pre-test to immediate post-test, with some decline at the 3-
month follow-up. Nevertheless, most participants retained higher scores compared to baseline,
indicating sustained though partially attenuated knowledge gains.

Score differences of participants

®

Pre test Post test 3 month post test
Time

Figure 2. Individual participant scores across pre-test, post-test, and 3-month follow-up

No significant difference was observed in pre-test scores between family medicine specialists and
other physicians (p=0.975). Post-test scores were significantly higher among family medicine specialists
(»=0.030). At the 3-month follow-up, no significant difference was found between the groups (p=0.229).

Feedback indicated that the training program was generally well received, with most objectives
achieved and content aligned with participants’ expectations. Both theoretical and practical components
were described as relevant, up-to-date, and applicable to clinical practice. Nearly all participants rated
trainers’ expertise and presentation skills very positively (Table 3).

While training materials were generally considered sufficient, about one-third of participants
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suggested providing additional resources, particularly more detailed content with case studies.
Regarding time management, 69% were satisfied, whereas 31% reported that the time allocated for
interactive sessions and case discussions was insufficient.

Table 3. Distribution of high scores (4-5) for training program evaluation parameters

Parameter % of High Scores (4-5)
Achievement of training objectives 81%
Relevance of content to the topic ~88% (“57)
Relation of training to past/future activities ~85% (“4-57)
Implementation of the training ~85% (“4-5”)
Professional competence of trainers ~100% (“4-5")
Pre-training knowledge assessment ~84% (“4-5")
Post-training knowledge assessment ~96% (“4-5")
Informational materials provided ~65% (“4-5”)
Time allocated to training activities ~69% (“4-5")
Training venue (facility and technical setup) ~100% (“4-5")
Meals and other services ~96% (“4-5")

Of the 22 open-ended responses, 12 were expressions of gratitude and 10 included constructive
suggestions. Common themes were the need for more efficient use of time, greater interactivity, and
expanded content on antibiotic selection. Participants also suggested more detailed discussion of clinical
cases, reducing repetition in workshops, incorporating communication strategies for difficult patient
encounters, and providing more regular breaks (Table 4).

Table 4. Thematic analysis of open-ended participant feedback on the training program (n = 22)

Theme Frequency (n) % of Responses
Gratitude / positive comments 12 54.5%
More detailed content on antibiotic selection 4 18.2%
Need for greater interactivity / shorter sessions 3 13.6%
More detailed clinical case discussions 3 13.6%
Reduce repetition in workshops 2 9.1%
Strategies for difficult patient—physician communication 1 4.5%
Regular breaks to maintain attention 1 4.5%

In this pilot study, we developed and evaluated an integrated training program that combines
AMS and IPC for primary care physicians. The intervention produced a substantial inmediate gain in
knowledge with partial attenuation at three months, yet scores remained significantly above baseline.
Item-level analyses showed the largest improvements in domains central to day-to-day practice—
appropriate use of personal protective equipment, multimodal IPC strategies, exposure to body fluids,
and antibiotic selection for common infections (e.g., acute cystitis, asymptomatic bacteriuria). These
patterns suggest that the curriculum not only increased general awareness but also addressed practical
decision points that commonly drive inappropriate antimicrobial use.

Education and training are recognized as core elements of AMS programs [10]. Knowledge of
and approaches to AMS vary widely between countries and even within the same country, underscoring
the need for standardized training initiatives that enable shared learning and support the development of
effective programs. The European Society for Clinical Microbiology and Infectious Diseases (ESCMID)
has implemented a structured AMS training curriculum to expand the number of antimicrobial stewards
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and facilitate the successful implementation of AMS across healthcare systems [11]. Previous studies
have shown that structured training in primary care can raise clinician awareness, improve knowledge,
and promote rational antibiotic use, thereby contributing to the fight against AMR [12-14]. In our
program, participants first received theoretical education on the fundamentals of AMS strategies in
primary care, followed by case-based exercises on community-acquired urinary tract infections, acute
tonsillitis, and acute sinusitis. Of the seven AMS-related knowledge questions in the pre- and post-test,
improvements were observed in six questions, while one item—already answered correctly by most
participants at baseline—remained unchanged. These findings confirm that the training was effective in
strengthening AMS competencies in primary care physicians. Similarly, a nationwide AMS program in
Tiirkiye combining primary care physician training, prescribing surveillance with feedback, and
community campaigns has demonstrated a reduction in antibiotic prescriptions, underscoring the value
of education as part of comprehensive AMS interventions [15]. In a study from Canada, the primary
care physicians expressed strong interest in further educational opportunities, including seminars,
workshops, and online learning, to strengthen their knowledge and capacity in AMS [12].

In this pilot study, we provided training on the basic concepts of [PC in primary care, including
HH, personal protective equipment (PPE), and other standard precautions. The program also covered
the use of multimodal strategies for effective IPC implementation, followed by group-based
brainstorming sessions in which participants developed multimodal strategy plans for dedicated IPC
activities. Pre-test results highlighted important knowledge gaps, particularly regarding basic IPC
concepts among primary care physicians. After the training, knowledge levels improved in eight out of
ten IPC-related questions, with the largest gains observed in the use of PPE, understanding multimodal
strategies, alcohol-based hand rub use, and awareness of body fluid exposure risks. While a structured
national IPC program has been in place in all hospitals in Tiirkiye since 2005—contributing to
reductions in healthcare-associated infections—no equivalent program currently exists for primary care
[16]. In line with WHO recommendations, the establishment of IPC programs in primary healthcare
centers is therefore urgently needed, and our findings suggest that structured, practice-oriented training
could play a key role in closing this gap [17].

Previous studies have shown the importance of implementing AMS and IPC strategies together
to reduce healthcare-associated infections (HAIs) and AMR. However, most of this evidence comes
from hospital settings, and there is a lack of data evaluating integrated AMS—IPC approaches in primary
care. Baur et al. reported that combining HH interventions with AMS programs achieved a 66%
reduction in antimicrobial-resistant bacteria, compared with only 17% in AMS programs without HH
interventions [18]. Similarly, a systematic review and meta-analysis from Asia demonstrated that AMS
programs integrating HH were associated with significant reductions in HAIs. These findings emphasize
that tailoring educational strategies to address both IPC and AMS simultaneously is a key enabler for
creating synergistic outcomes [19]. Despite this, medical education still faces significant gaps in
infectious diseases and AMS training, with suboptimal infection prevention practices, limited exposure
to clinical rotations, and no standardized curricula [20]. The findings of Mbamalu et al. further highlight
the need for targeted training and context-specific IPC-AMS interventions to close these gaps and
strengthen preparedness, especially during public health emergencies [21]. Our training program
contributes to filling this gap by providing a structured, integrated AMS—IPC model specifically
designed for primary care physicians.

In this study, the high acceptability ratings and positive feedback suggest that a blended format—
combining theoretical presentations with case discussions, group work, and role play—effectively meets
the learning needs of family physicians. At the same time, participants requested more time for clinical
cases and antibiotic selection, consistent with evidence that interactive, case-based methods and
communication skills training are more likely to translate knowledge into sustained behavior change.
However, challenges remain in the training of primary care physicians. One of the most prominent issues
is the low participation of physicians in such programs [22]. A recent qualitative study identified both
facilitators and barriers affecting the uptake of educational interventions by general practitioners.
Facilitators included flexible and relevant learning strategies, easy access to information, resources and
reminders, and raising awareness about AMR. The main barriers were time pressure, largely driven by
high patient volumes [23]. Addressing these barriers through flexible delivery models, integration of
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digital learning tools, and institutional support will be critical for scaling up AMS—IPC training in
primary care.

This study also highlights gaps that future iterations should address. First, while knowledge
improved and was largely retained, we did not measure clinical behaviors (e.g., prescribing patterns,
hand-hygiene compliance) or patient outcomes. Linking education to routine data (antibiotic
consumption, diagnosis-specific prescribing quality indicators), simple IPC audits, or standardized
patient scenarios would permit a more definitive assessment of real-world impact. Second, although our
sample size met the a priori target for detecting knowledge change, it was drawn from one metropolitan
area and may not represent physicians practicing in rural or resource-limited settings. Third, the three-
month horizon captures only early retention; longer follow-up with booster activities (e.g., quarterly
case conferences, short e-learning refreshers, and audit-and-feedback dashboards) is warranted. Finally,
item-level results suggest that a few questions may have been ambiguously worded or mismatched to
participants’ baseline scope; revising these items and enriching them with visuals or clinical vignettes
should sharpen both teaching and measurement.

Notwithstanding these limitations, the study offers several strengths. To our knowledge, it is
among the first primary-care-focused programs in Tiirkiye to deliver AMS and IPC as an integrated,
practice-oriented curriculum. Effectiveness was assessed at multiple time points using matched
analyses, and item-level performance provided actionable signals to refine content. The curriculum was
built on WHO and national guidance, ensuring consistency with international standards while remaining
locally relevant.

In summary, an integrated AMS-IPC curriculum for primary care physicians was feasible, well-
received, and associated with significant and largely sustained gains in knowledge, particularly in high-
impact practical domains. With iterative refinement and linkage to audit and feedback, the program has
strong potential as a scalable capacity-building tool to curb unnecessary antibiotic use and strengthen
IPC practices in the primary care—two cornerstones of national and global efforts to confront AMR.

AUTHOR CONTRIBUTIONS

Concept: M.K., M.C., E.B., CH.H., F.N.B.A.; Design: M.K., M.C., E.B., C.H.H., F.N.B.A_;
Control: C.H.H., F.N.B.A.; Sources: M.K., M.C., E.B., C.H.H., Materials: M.K., M.C., E.B., CH.H.;
Data Collection and/or Processing: M.K., M.C., C.H.H.; Analysis and/or Interpretation: C.H.H.,
F.N.B.A.; Literature Review: M.K., M.C., E.B.; Manuscript Writing: M.K., M.C.; Critical Review:
C.H.H., F.N.B.A.; Other: -

CONFLICT OF INTEREST

The authors declare that there is no real, potential, or perceived conflict of interest for this article.

ETHICS COMMITTEE APPROVAL

Ethical approval for this study was obtained from the Ethics Committee of Gazi University on
July 24, 2024 (Approval No. E.1001850).

REFERENCES

1. World Health Organization. (2023). Antimicrobial resistance. https://www.who.int/news-room/fact-
sheets/detail/antimicrobial-resistance. Accessed date: 10.11.2024.

2. Holmes, A.H., Moore, L.S.P., Sundsfjord, A., et al. (2016). Understanding the mechanisms and drivers of
antimicrobial resistance. The Lancet, 387(10014), 176-187. [CrossRef]

3. Hersh, A.L., King, L.M., Shapiro, D.J., et al. (2021). Unnecessary antibiotic prescribing in US ambulatory
care settings, 2010-2015. Clinical Infectious Diseases, 72(1),133-137.[CrossRef]

4. Gozdzielewska, L., Kc, D., Butcher, J., et al. (2024). Interventions for preventing or controlling healthcare-
associated infection in primary care: A scoping review. American Journal of Infection Control, 52(4), 479-
487. [CrossRef]

5. World Health Organization. (2016). Guidelines on core components of infection prevention and control
programmes at the national and acute health care facility level.


https://doi.org/10.1016/S0140-6736(15)00473-0
doi:10.1093/cid/ciaa667
https://doi.org/10.1016/j.ajic.2023.10.006

264 Melda Kegik et al., Antimicrobial Stewardship and Infection Control in Primary Care

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

https://www.who.int/publications/i/item/9789241549929. Accessed date: 10.11.2024.

Bedoya, G., Dolinger, A., Rogo, K., etal. (2017). Observations of infection prevention and control practices
in primary health care, Kenya. Bulletin of the World Health Organization, 95(7), 503-516. [CrossRef]
Miiller, S.A., Landsmann, L., Diallo, A.O.K., et al. (2022). Implementing the WHO multimodal hand
hygiene strategy at the primary care level, Guinea. IJID Regions, 3, 27-33. [CrossRef]

Suttels, V., Van Singer, M., Clack, L.C., et al. (2022). Factors influencing antimicrobial stewardship in
primary care: A narrative review. Antibiotics, 12(1), 30. [CrossRef]

Kegik, M., Celik, M., Hekimoglu, H.C., et al. (2025). Integrated antimicrobial stewardship-infection
prevention and control training for primary care physicians: Literature review. Journal of Faculty of
Pharmacy of Ankara University, 49(3), 766-772. [CrossRef]

Centers for Disease Control and Prevention. (2014). Core elements of hospital antibiotic stewardship
programs.  https://www.cdc.gov/antibiotic-use/healthcare/pdfs/core-elements.pdf.  Accessed  date:
10.11.2024.

Kuijpers, S.M.E., Hulscher, M.E.J.L., Prins, J.M., et al. (2025). Training future antimicrobial stewards in
the ESCMID antimicrobial stewardship certificate training programme: From knowledge to action. JAC-
Antimicrobial Resistance, 7(5), dlaf157. [CrossRef]

Lee, C., Jafari, M., Brownbridge, R. (2020). The viral prescription pad: A mixed-methods study. BMC
Family Practice, 21(1), 42. [CrossRef]

March-Lopez, P., Madridejos, R., Tomas, R. (2020). Multifaceted antimicrobial stewardship intervention
in primary care: A quasi-experimental study. Frontiers in Pharmacology, 11, 398. [CrossRef]

Harrigan, J.J., Hamilton, K.W., Cressman, L. (2024). Antibiotic prescribing for respiratory tract infections
after an education and feedback intervention. Clinical Infectious Diseases, 78(5), 1120-1127. [CrossRef]
Gonen, M., Aksoy, M., Isli, F., et al. (2021). Assessment of quarter-billion primary care prescriptions from
a nationwide antimicrobial stewardship program. Scientific Reports, 11(1), 14621. [CrossRef]

Gozel, M.G., Hekimoglu, C.H., Gozel, E.Y., et al. (2021). National infection control program in Turkey:
Ten-year healthcare-associated infection experience. American Journal of Infection Control, 49(7), 885-
892. [CrossRef]

World Health Organization. (2021). Strengthening infection prevention and control in primary care: A
collection of  existing standards, measurement and implementation resources.
https://www.who.int/publications/i/item/9789240035249. Accessed date: 10.11.2024.

Baur, D., Gladstone, B.P., Burkert, F., et al. (2017). Effect of antibiotic stewardship on the incidence of
infection and colonisation with antibiotic-resistant bacteria and Clostridium difficile infection: A systematic
review and meta-analysis. The Lancet Infectious Diseases, 17(9), 990-1001. [CrossRef]

Lee, C.F., Cowling, B.J., Feng, S. (2018). Impact of antibiotic stewardship programmes in Asia: A
systematic review and meta-analysis. Journal of Antimicrobial Chemotherapy, 73(4), 844-851. [CrossRef]
Nori, P., Madaline, T., Munjal, I. (2017). Developing interactive antimicrobial stewardship and infection
prevention and control curricula for diverse learners. Open Forum Infectious Diseases, 4(3), ofx117.
[CrossRef]

Mbamalu, O., Surendran, S., Nampoothiri, V. (2023). Healthcare worker perceptions of changes in
infection prevention and control and antimicrobial stewardship during COVID-19 in India and South
Africa. IJID Regions, 6, 90-98. [CrossRef]

D’Hulster, L., Abrams, S., Bruyndonckx, R., et al. (2022). Nationwide implementation of online
communication skills training to reduce overprescribing of antibiotics: A stepped-wedge cluster
randomized trial in general practice. JAC-Antimicrobial Resistance, 4(3) [CrossRef]

Jeffs, L., Mclsaac, W., Zahradnik, M., et al. (2020). Barriers and facilitators to the uptake of an
antimicrobial stewardship program in primary care: A qualitative study. PLOS ONE, 15(3), ¢0223822.
[CrossRef]


https://doi.org/10.2471/BLT.16.179499
https://doi.org/10.1016/j.ijregi.2021.12.004
https://doi.org/10.3390/antibiotics12010030
https://doi.org/10.33483/jfpau.1663313
https://doi.org/10.1093/jacamr/dlaf157
https://doi.org/10.1186/s12875-020-01109-0
https://doi.org/10.3389/fphar.2020.00398
https://doi.org/10.1093/cid/ciad605
https://doi.org/10.1038/s41598-021-94308-z
https://doi.org/10.1016/j.ajic.2021.02.020
https://doi.org/10.1016/S1473-3099(17)30325-0
https://doi.org/10.1093/jac/dkx488
https://doi.org/10.1093/ofid/ofx117
https://doi.org/10.1016/j.ijregi.2022.11.010
https://doi.org/10.1093/jacamr/dlac070
https://doi.org/10.1371/journal.pone.0223822

