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Background: Adequate training in infectious diseases and antibiotic resistance is crucial for pharmacy students to participate in 
antibiotic stewardship programs and understand microbiology careers.
Aim: The study was carried out to assess the knowledge and self-reported confidence in antibiotic resistance, antibiotic therapy, and 
antimicrobial stewardship (AMS) among final-year undergraduate pharmacy students in Sudan.
Methods: A cross-sectional study was conducted in three universities using a 57-item online questionnaire between April and May 2022.
Results: A total of 109 students (response rate 36%) participated and showed average knowledge scores of 5.6±1.7 (out of 10.0) for antibiotic 
resistance, 4.9±2.0 (out of 5.0) for appropriate antibiotic therapy, and 3.1±1.4 (out of 5.0) for AMS. No significant differences were observed 
among schools. Some students reported poor knowledge about antibiotic therapy and the consequences of resistance. One-third of students 
lacked confidence in interpreting microbiological results. Knowledge of antibiotic resistance among students’ practice area after graduation was 
higher (p=0.017) and those interested in ID careers (5.8 vs 4.8) (p=0.037). Male students (5.6 vs 4.5) and those interested in ID careers 
(4.3 vs 3.4) (p<0.001) had higher scores of appropriate antibiotic therapy. Students attended antibiotic resistance courses (51.5 vs 45.2), and 
those interested in ID significantly had higher self-confidence (55.3 vs 45.8) (p=0.008).
Conclusion: Pharmacy students in Sudan have substantial knowledge of AMS and antibiotic resistance with poor knowledge of 
antibiotic therapy. Adequate training about infectious diseases and related topics is recommended to improve pharmacy students’ 
understanding of microbiological findings, other competencies, and skills to incorporate in antimicrobial stewardship.
Keywords: antibiotic resistance, antimicrobial stewardship, antimicrobial therapy, Sudan, pharmacy students

Introduction
Antimicrobial resistance (AMR) is considered one of this century’s most severe global public health threats.1 Antimicrobial 
resistance has developed as one of the significant urgent threats to public health, causing severe issues with the successful 
prevention and treatment of persistent diseases.2 Moreover, an earlier study has found a correlation between AMR and 
increased economic costs, morbidity, and mortality in the healthcare sector.3 The improper use of antibiotics in healthcare and 
agriculture is the leading cause of AMR.2 However, Inappropriate use of antimicrobials is a significant cause of AMR in 
hospital and community settings.1 Also, bacteria develop resistance through spontaneous evolution, mutation, and horizontal 

Infection and Drug Resistance 2024:17 935–949                                                              935
© 2024 Abdelkarim et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Infection and Drug Resistance                                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 7 November 2023
Accepted: 22 February 2024
Published: 11 March 2024

In
fe

ct
io

n 
an

d 
D

ru
g 

R
es

is
ta

nc
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-9536-1973
http://orcid.org/0000-0002-7549-2877
http://orcid.org/0000-0003-1487-2005
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


gene transfer of resistance genes.2 The deficiency of new antimicrobials in the development pipeline has augmented the 
problem of AMR.1

Self-medication and purchasing antimicrobials without a prescription are common issues in community settings. 
Worldwide, 62% of the antimicrobials in community pharmacies are dispensed without a prescription.4 In some Middle 
Eastern countries, the percentage of non-prescription of antibiotics has reached 82%.5 In several regions of Sudan, the 
population purchased most antibiotics from pharmacies.6–8 Moreover, a study conducted in Khartoum State revealed that 
over 80% of the community practiced self-medication, of which 28.7% were antibiotic users.7

A previous study found that 60.3% of Sudanese medical students used antibiotics frequently,9 while a recent study found 
that 71.3% of people in Sudan self-medicate with antibiotics.10 Additionally, around 85.5% of community pharmacists in 
Sudan dispense antibiotics without proper prescriptions.11 These activities contribute to antimicrobial resistance. Hospitals 
prescribe antibiotics inappropriately in 20% to 50% of cases.12 Current estimates predict that 2050 antibiotic resistance will 
result in 10 million deaths yearly and a decline in productivity by 2% to 3.5%.13

Antibiotic stewardship is a program that promotes the appropriate use of antibiotics to prohibit antibiotic resistance.1,14 An 
antibiotic stewardship program aims to improve clinical outcomes and minimize adverse effects.12 A multidisciplinary team with 
a pharmacist is required to implement antimicrobial stewardship interventions.12,15 According to the Centers for Disease Control 
and Prevention, having a pharmacist on board is one of the seven critical components of a successful antimicrobial stewardship 
program.12 The pharmacist’s role in an antibiotic stewardship program includes auditing antibiotic usage, providing feedback, 
guiding empirical antibiotic treatment, and developing formularies and guidelines.15 Additionally, the pharmacist is responsible 
for implementing automatic change and stop orders, therapeutic drug monitoring, dose adjustment, optimization, and leading the 
antibiotic stewardship team.12,14 A pharmacist-led antibiotic stewardship program is beneficial in ensuring the appropriate use of 
antibiotics, improving clinical outcomes, and reducing antibiotic expenditure.16–18

Training healthcare professionals, especially pharmacists, in antibiotic resistance control strategies is crucial.19 

However, the lack of training in infectious disease (ID) and antimicrobial stewardship (AMS) hinders pharmacist 
participation in stewardship programs.20–22 Studies show pharmacists with postgraduate qualifications have better 
attitudes towards antibiotic stewardship programs.23 Therefore, undergraduate training in ID and antimicrobial steward-
ship is necessary to prepare future pharmacists for their duties.

Studies conducted in developed countries have shown that future medical practitioners require more training to 
enhance their antibiotic prescribing and stewardship skills.24–26 The present study aims to evaluate the readiness of final- 
year pharmacy students for AMS duties. Furthermore, there needs to be more data on the knowledge of pharmacy 
undergraduate students in Sudan regarding antibiotic resistance, appropriate antibiotic therapy, and antibiotic steward-
ship. This study aims to address this gap and identify areas that require further training.

Materials and Methods
Study Design, Settings
A descriptive cross-sectional study was carried out in Khartoum state, Sudan, at three Private Universities, the 
International University of Africa (IUA), Sudan International University (SIU), and the University of Ibn Sina (UIS), 
in a period from April 10, 2022, till May 10, 2022.

Study Population
The study was conducted on final-year pharmacy undergraduate students across three universities: IUA, SIU, and UIS. 
These universities offer a five-year Bachelor of Pharmacy degree program, which includes required pharmacotherapy 
courses for ID. These courses cover the principles of antimicrobial resistance and therapy.

Study Tool
The study questionnaire was created after reviewing the literature and comprised 57 questions. The questionnaire’s 
design and validation were adapted from a previous study.27 It consists of five sections: demographic, knowledge of 
AMR, knowledge of antimicrobial therapy (AMT), knowledge of antimicrobial stewardship, perceptions regarding 
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antimicrobial resistance, self-confidence to accomplish antimicrobial stewardship tasks, and perception towards 
antimicrobial stewardship. The knowledge of antimicrobial resistance, antimicrobial therapy, and antimicrobial 
stewardship is assessed using multiple-choice questions with one best answer. Self-confidence to complete antimi-
crobial stewardship activities and perceptions regarding antimicrobial resistance are evaluated using a 5-point Likert 
scale.

Data Collection
The survey was conducted during the last semester of the academic session. The data were collected between April and 
May 2022 in the three universities. The final-year pharmacy undergraduate students from the three universities 
participated in an electronic survey to evaluate their knowledge of antimicrobial resistance, therapy, and stewardship. 
The survey link was shared via specific class WhatsApp groups, and students were reminded every three days to 
complete it. They were instructed to submit the survey only once to avoid duplication.

Data Analysis
The data was analyzed using IBM Statistical Package for Service Solutions (SPSS) version 25. The data was 
anonymized before analysis. Categorical data was reported as frequencies and percentages, while continuous data 
was reported as mean with standard deviation (SD). The responses to the knowledge sections were scored using 1 
for the correct answers and 0 for incorrect answers. The knowledge score was calculated by adding up correct 
responses in each section. Self-confidence was also scored on a scale of 1 to 5 (from no confidence at all to 
extreme confidence, respectively). The association between variables was analyzed through the chi-square test. 
Student’s t-tests and one-way ANOVA were used to assess the association between student characteristics and 
scores for AMR, AMT, AMS, and self-confidence, a P-value less than 0.05 was considered statistically significant.

Results
Characteristics of the Students
Table 1 displays the characteristics of pharmacy students who participated in the study. A total of 109 students completed the 
questionnaire: 56 from IUA, 37 from SIU, and 16 from UIS. The overall response rate was 36%, with 66.1% of respondents 
being female. The lecture was identified as the most common primary source of information on antimicrobials and AMR 
across all groups, with percentages of 69.6%, 64.9%, and 62.5% for IUA, SIU, and UIS, respectively. Attendance of a course 
and workshop on appropriate antimicrobial use was higher among UIS students 13 (81.3%) than SIU and IUA students 23 
(62.2%) and 31 (55.4%). After graduation, 36.7% of the students considered pursuing a career as a community pharmacist.

Knowledge and Perception of Antimicrobial Resistance
The study found that more than 70% of the students demonstrated a good knowledge of AMR. They could define it, 
explain its mechanisms, and identify the factors that caused its emergence.

Moreover, they were familiar with the interventions used to combat it. However, less than 50% of the students could 
identify the factors responsible for spreading infections resistant to antimicrobial agents. For more details of knowledge 
and perceptions of AMR, refer to Table 2. More than 50% know the consequences of AMR. The overall mean knowledge 
score of antibiotic resistance was 5.6±1.7 out of 10. The universities had comparable means at 5.5±1.9, 5.8±1.6, and 5.8 
±1.6 for IUA, SIU, and ISU, respectively.

The majority of students, 68 (62.4%), disagreed or strongly disagreed with the notion that antibiotic resistance is not 
a serious issue and that new antibiotics will be developed to replace resistant ones. In contrast, about 69 (63.3%) students 
agreed/strongly agreed that they required more training in antibiotic resistance. Moreover, 68% strongly agreed/agreed 
that comprehensive knowledge of antibiotic resistance is essential in their pharmacy career. The median score for 
perception of AMR was 18, with a range of 11–25. The details about perception are displayed in Table 2.
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Table 1 Characteristics of the Pharmacy Students Who Participated in the Study (n=109)

Variable Frequency (%) p-value*

Overall 
(n=109)

IUA 
(n=56)

SIU 
(n=37)

UIS 
(n=16)

Gender 0.663
Male 37 (33.9) 19 (33.9) 14 (37.8) 4 (25.0)

Female 72 (66.1) 37 (66.1) 23 (62.2) 12 (75.0)

Source of information 0.540

Lecture 73 (66.9) 39 (69.6) 24 (64.9) 10 (62.5)
Textbook 10 (9.2) 4 (7.1) 3 (8.1) 3 (18.8)

Journal 4 (3.7) 1 (1.8) 3 (8.1) 0 (0.0)

Colleague 12 (11.0) 6 (10.7) 4 (10.8) 2 (12.5)
Internet 6 (5.5) 5 (8.9) 1 (2.7) 0 (0.0)

Smartphone 4 (3.7) 1 (1.8) 2 (5.4) 1 (6.3)

– Attended a school course/ workshop/ seminar on antimicrobials 

resistance

67 (61.5) 34 (60.7) 21 (56.8) 12 (75.0) 0.253

– Attended a school course/ workshop/ seminar about appropriate use of 
antibiotics

67 (61.5) 31 (55.4) 23 (62.2) 13 (81.3) 0.346

– Attendance infectious disease clerkship 50 (45.9) 21 (37.5) 22 (59.5) 7 (43.8) 0.148

Area of interest after graduation 0.715

Hospital 29 (26.6) 15 (26.8) 8 (21.6) 6 (37.5)

Community 40 (36.7) 22 (39.3) 12 (32.4) 6 (37.5)
Industrial 21 (19.3) 12 (21.4) 7 (18.9) 2 (12.5)

Academia 4 (3.7) 2 (3.6) 2 (5.4) 0 (0.0)

Undecided 15 (13.8) 5 (8.9) 8 (21.6) 2 (12.5)

Career interest in infectious disease pharmacy 32 (29.4) 20 (35.7) 9 (24.3) 3 (18.8) 0.394

Note: *Chi-square test. 
Abbreviations: IUA, International University of Africa; SIU, Sudan International University; UIS, University of Ibn Sina.

Table 2 Knowledge and Perception of Antimicrobial Resistance Among Students (N=109)

Knowledge of Antimicrobial Resistance Frequency (%) p-value*

Overall 
(n=109)

IUA 
(n=56)

SIU 
(n=37)

UIS 
(n=16)

Definition of antibiotic resistance 83 (76.1) 39 (69.6) 31 (83.8) 13 (81.3) 0.256

Recognize a wrong statement regarding antibiotic resistance 78 (71.6) 41 (73.2) 25 (67.6) 12 (75.0) 0.795

Identify mechanisms of antibiotic resistance 87 (79.8) 43 (40.1) 30 (81.1) 14 (87.5) 0.624

Pinpoint an antibiotic hydrolyzed by beta-lactamase enzyme 79 (72.5) 41 (73.2) 26 (70.3) 12 (75.0) 0.925

Identify reservoirs of antibiotic-resistant infection 52 (47.7) 25 (44.6) 19 (51.4) 8 (50.0) 0.774

Identify antibiotic resistant-pathogens 42 (38.5) 22 (39.3) 13 (35.1) 7 (43.8) 0.828

Identification of factors that contribute to the emergence of antibiotic resistance 81 (74.3) 39 (69.6) 29 (78.4) 13 (81.3) 0.506

Identification of factors that contribute to the spread of antibiotic-resistant 

Infections

32 (29.4) 16 (28.6) 11 (29.7) 5 (31.3) 0.977

Identify the consequences of antibiotic-resistant infection 63 (57.8) 30 (53.6) 23 (62.2) 10 (62.5) 0.656

Identify interventions for fighting antibiotic resistance 79 (72.5) 40 (71.4) 29 (78.4) 10 (62.5) 0.478

(Continued)
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Antimicrobial Therapy Knowledge
There was no significant difference in knowledge of upper respiratory tract infections (URTIs) that do not require antimicrobials, 
antimicrobials used for Clostridium difficile infections, and antimicrobial use during pregnancy among students from the three 
universities. A higher percentage of students at UIS, 62.5%, were aware of the antibiotics that have the best activity against 
anaerobes compared to IUA, 58.9%, and SIU, 40.5%. There was no significant difference in knowledge among students at the 
three universities regarding antimicrobials effective against Methicillin-resistant staphylococcus aureus (MRSA) and those that 
cross the blood-brain barrier. Overall, the mean knowledge score for appropriate AMT was similar across the three groups, with 
a mean score of 4.9 ± 2.0 out of a maximum of 9. The details regarding AMT knowledge are presented in Table 3.

Understanding and Perceptions Toward Antimicrobial Stewardship
The knowledge and perceptions of AMS among study students are illustrated in Table 4. Out of the total number of 
students, only 38.5% had received formal training in AMS, with significant difference (p-value=0.017) in the duration of 

Table 2 (Continued). 

Knowledge of Antimicrobial Resistance Frequency (%) p-value*

Overall 
(n=109)

IUA 
(n=56)

SIU 
(n=37)

UIS 
(n=16)

Mean knowledge score (SD) 5.6 (1.7) 5.5 (1.9) 5.8 (1.6) 5.8 (1.6) 0.357

Perception toward antibiotic resistance

Developing new antibiotics to replace resistant ones makes antibiotic resistance 

not a serious problem

68 (62.4) 34 (60.8) 26 (70.2) 8 (50.0) 0.765

Antibiotic resistance is a public health threat worldwide 87(79.8) 42 (75.0) 33 (89.2) 12(75.0) 0.812

The problem of antibiotic resistance is being exaggerated 45 (41.3) 19 (33.9) 16 (43.2) 10 (62.5) 0.614

Need for more training on antibiotic resistance 69 (63.3) 32 (57.1) 24(64.8) 13(81.3) 0.614

Solid knowledge of antibiotic resistance is crucial for pharmacists in their 

professional careers

74 (67.9) 35 (62.5) 26 (70.2) 13 (81.3) 0.826

Note: *Chi-square test. 
Abbreviation: IUA, International University of Africa; SIU, Sudan International University; UIS, University of Ibn Sina; SD, Standard Deviation.

Table 3 Pharmacy Students’ Knowledge of Antibiotic Therapy

Variable Frequency (%) p-value*

Overall 
(n=109)

IUA 
(n=56)

SIU 
(n=37)

UIS 
(n=16)

Recognize diarrhea with no indication for antibiotic therapy 63 (57.8) 31 (55.4) 21 (56.8) 11 (68.8) 0.625

Recognize upper respiratory tract infection with potentially not needed 

antibiotic

41 (37.6) 19 (33.9) 17 (45.9) 5 (31.3) 0.429

Identify the appropriate antibiotic for treating Clostridium difficile colitis 64 (58.7) 34 (60.7) 21 (56.8) 9 (56.3) 0.909

Identify an antibiotic that is safe to use during pregnancy 80 (73.4) 41 (73.2) 26 (70.3) 13 (81.3) 0.708

Select the antibiotic with the best activity against anaerobes 58 (53.2) 33 (58.9) 15 (40.5) 10 (62.5) 0.159

Identify an effective antibiotic for treatment of Methicillin-resistant 

Staphylococcus aureus (MRSA)

66 (60.6) 34 (60.7) 22 (59.5) 10 (62.5) 0.978

(Continued)
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Table 3 (Continued). 

Variable Frequency (%) p-value*

Overall 
(n=109)

IUA 
(n=56)

SIU 
(n=37)

UIS 
(n=16)

Recognize an antibiotic that is capable of passing the blood-brain barrier 48 (44.0) 27 (48.2) 16 (43.2) 5 (31.3) 0.480

Identify the appropriate single daily dosage of aminoglycosides, specifically 

gentamicin

27 (24.8) 13 (23.2) 11 (29.0) 3 (18.8) 0.647

Identify the appropriate antibiotic prophylaxis for cesarean section 

surgery

47 (43.1) 27 (48.2) 15 (40.5) 5 (31.3) 0.447

Identify the most suitable antibiotics to treat an uncomplicated urinary 

tract infection

38 (34.9) 19 (33.9) 15 (40.5) 4 (25.0) 0.540

Knowledge score (Mean± SD) (4.9± 2.0) (4.9 ±2.0) (4.8 ±2.1) (4.7± 2.2) 0.357

Note: *Chi-square test. 
Abbreviations: IUA, International University of Africa; SIU, Sudan International University; UIS, University of Ibn Sina; SD, Standard Deviation.

Table 4 Knowledge and Perception of Antimicrobial Stewardship Among (N=109) Study Students

Variable Correct Responses (%) p-value*

Overall 
(n=109)

IUA 
(n=56)

SIU 
(n=37)

UIS 
(n=16)

Formal training in antimicrobial stewardship 42 (38.5) 17 (30.4) 18 (48.6) 7 (43.8) 0.395

Duration of training on antimicrobial stewardship (hours) 0.017
1–4 55 (50.5) 37 (66.1) 13 (35.1) 5 (31.3)

5–7 28 (25.7) 11 (19.6) 11 (29.7) 6 (37.5)
> 8 26 (23.9) 8 (14.3) 13 (35.1) 5 (31.3)

Assessment of knowledge about antimicrobial stewardship

Poor 27 (24.8) 13 (23.2) 13 (35.1) 1 (6.3) 0.497

Average 46 (42.2) 25 (44.6) 13 (35.1) 8 (50.0)
Good 30 (27.5) 15 (26.8) 9 (24.3) 6 (37.5)

Very good 6 (5.5) 3 (5.4) 2 (5.4) 1 (6.3)

Required more training on the proper use of antibiotics 87 (79.8) 44 (78.6) 30 (81.1) 13 (81.3) 0.996

Required more training on antimicrobial stewardship 88 (80.7) 45 (80.4) 31 (83.8) 12 (75.0) 0.919

Knowledge of antimicrobial stewardship

Defined the goals of the antimicrobial stewardship program 63 (57.8) 36 (64.3) 19 (51.4) 8 (50.0) 0.369

Recognized members of the antimicrobial stewardship team 78 (71.6) 39 (69.6) 27 (73.0) 12 (75.0) 0.891

Identify antimicrobial stewardship interventions 82 (75.2) 40 (71.4) 29 (78.4) 13 (81.3) 0.624

Recognized the role of pharmacist in the antimicrobial stewardship 

team

83 (76.1) 42 (75.0) 28 (75.7) 13 (81.3) 0.872

Identify a setting where an antimicrobial stewardship program is not 

necessary

34 (31.2) 21 (39.5) 9 (24.3) 4 (25.0) 0.344

Mean knowledge score (SD) 3.1 (1.4) 3.2 (1.5) 3.0 (1.4) 3.1 (1.3) 0.357

Note: *Chi-square test. 
Abbreviations: IUA, International University of Africa; SIU, Sudan International University; UIS, University of Ibn Sina; SD, Standard Deviation.
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training. More than 80% of the students expressed the need for additional training about AMT and AMS. The study 
found no significant difference in the knowledge of the goals of AMS between students in three universities (p=0.369). 
The maximum score was 5, and the mean knowledge score for AMS was (3.1±1.4).

Confidence of the Students to Contribute to Antimicrobial Stewardship Activities
Students demonstrated moderate self-confidence in achieving various AMS tasks, including finding reliable sources of informa-
tion to treat infections 89 (81.7%), choosing the appropriate duration of treatment 87 (78.9%), understanding the basic 
mechanisms of antibiotic resistance 86 (79.8%), and interpreting therapeutic drug monitoring results and making recommenda-
tions 85 (78.0%). However, they showed poor self-confidence in some other AMS skills. Of all the students, only 76 (69.7%) had 
moderate confidence in interpreting microbiological results. Table 5 shows the distribution of confidence levels of students from 
different universities towards contributing to AMS activities. The mean score for self-confidence was 49±12.6, with a maximum 
score of 75.

Correlation Between the Characteristics of Students and Knowledge of Antibiotic 
Resistance, Therapy, Stewardship, and Self-Confidence
Table 6 compares knowledge and self-confidence scores based on various student characteristics. The mean knowledge scores 
for AMR showed significant differences based on the area of pharmacy chosen after graduation (p-value=0.017) and the 
student’s interest in ID pharmacy (p-value=0.037). Additionally, appropriate AMT scores demonstrated significant differences 

Table 5 Confidence Levels of the Students to Contribute Antimicrobial Stewardship Activities

Moderate to extreme confidence level Frequency (%) p-value*

Overall 
(n=109)

IUA 
(n=56)

SIU 
(n=37)

UIS 
(n=16)

Make an accurate diagnosis of infection/sepsis. 77 (70.6) 40 (71.4) 27 (72.9) 10 (62.5) 0.772

Identify infections that do not require antibiotic therapy 81(74.3) 45 (80.3) 25 (67.5) 11 (68.8) 0.065

Choose appropriate empirical therapy 77 (70.6) 37 (66.1) 27 (72.9) 13 (81.3) 0.550

Interpret microbiological result 76 (69.7) 36 (64.3) 27 (72.9) 13 (81.3) 0.115

Choose antibiotic combinations where appropriate. 81 (74.3) 40 (71.4) 28 (75.7) 13 (81.3) 0.354

Choose between intravenous and oral administration 80 (73.4) 42 (75.0) 26 (70.3) 12 (75.0) 0.985

Choose the correct dose of antibiotics 81 (74.3) 39 (69.6) 29 (78.4) 13 (81.3) 0.557

Choose the appropriate dosage interval/ frequency 81 (74.3) 41 (73.3) 25 (67.5) 15 (93.8) 0.183

Interpretation of the result obtained from Therapeutic Drug Monitoring 

and suggested recommendations

85 (78.0) 41 (73.3) 30 (81.1) 14 (87.5) 0.731

Choose the appropriate duration of treatment. 86 (78.9) 42 (75.0) 30 (81.1) 14 (87.5) 0.701

Plan, streamline or deescalate antibiotic therapy 78 (71.6) 37 (66.1) 28 (75.7) 13 (81.3) 0.892

Identified the appropriate spectrum of antimicrobial treatment for each 

specific antibiotic (what each drug covers)

77 (70.6) 37 (66.1) 27 (73.0) 13 (81.3) 0.901

Comprehend the vital mechanisms of antibiotic resistance 87 (79.8) 43 (76.9) 29 (78.4) 15 (93.8) 0.503

Pinpoint reliable bases of information to treat infections 89 (81.7) 45 (80.4) 30 (81.1) 14 (87.5) 0.599

Evaluate the effectiveness and safety of the chosen antibiotic treatment 87 (79.8) 45 (80.4) 28 (75.7) 14 (87.5) 0.732

Note: *Chi-square test. 
Abbreviations: IUA, International University of Africa; SIU, Sudan International University; UIS, University of Ibn Sina.
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based on gender (p-value=0.011) and the student’s interest in ID pharmacy as a career after graduation (p<0.001). The results 
also showed that self-confidence scores had significant differences based on attendance of workshops, seminars, or courses 
related to “antibiotic resistance” (p-value=0.011) and the student’s interest in ID pharmacy after graduation (p-value=0.008). 
However, there were no significant differences in the mean knowledge scores for AMS based on student characteristics.

Table 6 Correlations of Knowledge Scores Concerning Antibiotic Resistance, Therapy, Stewardship, and Self-Confidence Among 
Students with Different Characteristics

Variable AMR Score AMT Score AMS Score Confidence Score

Mean (SD) P value Mean (SD) P value Mean (SD) P value Mean (SD) P value

School
IUA 5.5 ±1.9 4.9 ± 1.9 3.2 ± 1.5 47.7 ± 13.3

UIS 5.8 ±1.6 0.778* 4.8 ± 2.1 0.880* 3.0 ± 1.4 0.882a 50.7 ± 12.7 0.509a

UIS 5.8 ±1.6 4.7 ± 2.2 3.1 ± 1.3 49.9 ± 9.82

Gender
Male 5.5 ± 1.8 0.691¶ 5.6 ± 2.3 0.011¶ 3.5 ± 1.3 0.073B 48.9 ± 12.1 0.932B

Female 5.7 ± 1.7 4.5 ± 1.8 2.9 ± 1.5 49.1 ± 13.0

Information sources on antimicrobial and antibiotic resistance

Lecture 5.7 ± 1.7 5.1 ± 2.1 3.1 ± 1.5 48.1 ± 12.3
Textbook 6.1 ± 1.7 4.3 ± 1.5 3.7 ± 1.1 51.7 ± 15.6

Journal 5.0 ± 1.2 3.0 ± 1.6 2.8 ± 0.5 54.0 ± 11.2

Colleague 4.8 ± 2.3 0.298* 4.8 ± 1.8 0.167* 3.2 ± 1.5 0.542a 51.3 ± 7.84 0.852a

Internet 5.2 ± 1.9 3.8 ± 1.5 2.3 ± 1.4 49.5 ± 18.4

Smartphone 6.5 ± 0.5 5.8 ± 2.2 3.5 ± 0.6 46.3 ± 18.8

Attendance of school courses, workshops, or seminars about antibiotic resistance

Yes 5.8 ± 1.6 4.9 ± 2.0 3.1 ± 1.4 51.5 ± 11.8
No 5.4 ± 1.9 0.278¶ 4.8 ± 2.1 0.629¶ 3.1 ± 1.5 0.889B 45.2 ± 13.2 0.011B

Attendance of school courses, workshops, or seminars about antibiotic therapy

Yes 5.8 ± 1.6 4.9 ± 1.9 3.3 ± 1.3 50.8 ±12.7

No 5.4 ± 1.9 0.254¶ 4.9 ± 2.1 0.999¶ 2.8 ± 1.6 0.071B 46.3 ±12.2 0.072B

Attending infectious disease clerkship

Yes 5.7 ± 1.7 5.1 ± 2.1 3.2 ± 1.4 51.3 ± 13.7

No 5.6 ± 1.8 0.712¶ 4.7 ± 1.9 0.345¶ 3.1 ± 1.5 0.784B 47.1 ± 11.5 0.080B

Area of pharmacy practice considered after graduation

Hospital 5.0 ± 1.9 17.4 ± 2.9 4.3 ± 1.9 51.7 ± 14.5
Community 5.7 ± 1.7 17.1 ± 3.3 5.1 ± 2.3 48.5 ± 11.8

Industrial 5.8 ± 1.3 0.017* 18.2 ± 3.7 0.718* 4.9 ± 1.4 0.384a 50.1 ± 11.6 0.468a

Academia 4.3 ± 2.5 18.5 ± 2.9 5.0 ± 0.8 46.0 ± 7.96

Undecided 6.7 ± 1.0 17.7 ± 2.2 5.4 ± 2.2 44.6 ± 13.5

Interest in pursuing a career as an infectious disease pharmacist

Yes 5.8 ± 1.7 4.3 ± 1.5 2.9 ± 1.3 55.3 ± 14.5
No 4.8 ± 1.8 3.4 ± 1.8 2.8 ± 1.7 45.8 ± 10.1

Maybe 5.9 ± 1.6 0.037* 5.7 ± 1.9 < 0.001* 3.4 ± 1.3 0.311a 46.5 ± 10.9 0.008a

Do not know 4.8 ± 2.4 5.1 ± 2.4 3.4 ± 1.8 47.3 ± 13.2

Notes: *One-Way ANOVA Test¶Student’s T-Test; Bold emphasis denotes statistical significance. 
Abbreviations: AMR, Antibiotic resistance; AMT, Appropriate antibiotic therapy; AMS, Antimicrobial Stewardship; SD, Standard deviation.
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Discussion
The present study assessed pharmacy students’ knowledge of antimicrobial resistance, therapy, and stewardship and their 
self-confidence. Despite consistent reminders every three days, the response rate for this study was only 36%, which could be 
much lower. It’s worth noting that similar studies have also reported lower response rates.28,29 In contrast, a study conducted in 
Asian countries, including Indonesia, Malaysia, and Pakistan, reported a higher response rate of 77.8%.27,30

In the current study, the majority of students, 67%, relied on lectures as their primary source of information regarding 
antimicrobials and AMR. In contrast, the results of previous studies reported that lectures as a source of information in 
39.3%, 44.8, and 81% of respondents in Asian countries, Malaysia and Nigeria, respectively.27,31 Differences in 
antibiotic interest may explain the variation between these countries and Sudan. However, the study participants showed 
good knowledge and positive attitudes toward reducing AMR. This result concurs with those reported in Egypt 2018 
among medical students that nearly all had sufficient knowledge of AMR.32 In contrast, in India, medical students lack 
knowledge about AMR and AMS.33 On the other hand, knowledge of AMR was higher among pharmacy students than 
medical students in Pakistan.34 This discrepancy may be due to differences in healthcare school curricula and student 
exposure to experiential learning.

The prevalence of ID pharmacy carriers was 29.4%. In comparison, only 61.5% of our students attended courses/ 
workshops on the appropriate use of antimicrobials, which is lower than in studies from other developing countries.31 

Similarly, a high proportion of 45.9% of our study respondents attended ID clerkships compared to Nigerian students.31 

This study revealed that pharmacy students in Sudan scored lower than their counterparts in Malaysia. This disparity 
might be due to differences in the undergraduate pharmacy training curriculum between the two countries. It is possible 
that the pharmacy training in Sudan is similar to that of Nigerian students.

Our students only received one semester of experiential training in the second semester of their final year. 
Additionally, the teaching style was primarily theoretical. However, pharmacy students in Malaysia are required to 
complete at least three semesters of practical learning before graduation.27

Knowledge of Antimicrobial Resistance
This study assessed the knowledge of appropriate antimicrobial therapy, resistance, and stewardship among pharmacy 
students in Sudan. The majority of students demonstrated moderate knowledge of AMR, which was consistent with an earlier 
study.27 In contrast, fewer students were aware of AMR in previous studies in Saudi Arabia and Pakistan.30,35 Our study found 
that student groups had poor knowledge of factors promoting antibiotic resistance and AMR reservoirs. A previous study 
among final pharmacy students in developing countries supports this finding.31 Our study found that most students accurately 
identified the definition, mechanisms, and factors contributing to the emergence of antibiotic resistance. Studies conducted in 
Asian countries, Saudi Arabia, and Pakistan have produced similar findings to this study.27,30,36 However, our results contrast 
with a survey conducted among master of pharmacy students in the United Kingdom.37 The discrepancy may be attributed to 
undergraduate pharmacy training curricula content variations between developed and developing countries. The lack of 
diversity in pharmacy training curricula among the three schools may also explain this variation. It is worth noting that all 
schools included in the study were private. Training duration varied among students from the three universities in the study. 
However, all pharmacy students are taught about AMR and AMT. Despite this, some students admitted to not attending these 
courses, possibly due to different semester offerings, and some could not recall the information they learned.

The current study found significant differences in the mean knowledge scores for AMR based on two factors: the area 
of pharmacy practice chosen by students after graduation and their interest in ID pharmacy. The differences in knowledge 
scores were based on the scope of pharmacy practice after graduation. Students who chose to work in a hospital or 
community pharmacy after graduation had significantly better knowledge of antibiotic resistance than other students. 
This finding could be supported by a 2022 study in Sudan, which found that more than half of community pharmacists 
had good knowledge of AMR, which was associated with their years of experience.11 These results agree that a lack of 
knowledge hindered hospital and community pharmacists’ participation in AMS activities.20,22,27

The study found that students interested in ID pharmacy had significantly higher antibiotic resistance knowledge scores 
than those without interest. Although students in this study take required courses in infectious disease pharmacotherapy, 
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exposing them to AMR and AMT principles, only about one-third show interest in the subject. This result could be due to the 
short-term experiential ID clerkship for final pharmacy students in the three schools and the attendance of ID clerkship to 
improve the knowledge of antimicrobial therapy.27

Perception Toward Antimicrobial Resistance
This study found that 68% of pharmacy students consider having a solid understanding and positive perception of 
antibiotic resistance crucial for their careers. The study also revealed that 63.3% of students feel they require more 
training in antibiotic resistance, while 80.7% and 79.8% expressed the need for more training in AMS and AMT, 
respectively. Final-year pharmacy students showed similar trends in a previous study.27 However, a former study among 
medical and pharmacy students in developing countries also yielded comparable results.24–26 Future pharmacists require 
more training on antibiotic resistance to promote appropriate antibiotic use and stewardship teams.

Additionally, the present study showed that 62.4% of the students disagreed or strongly disagreed that antibiotic 
resistance is not a severe problem. Our finding is lower than the result of 75.8% of a previous study.31 A recent survey 
conducted in Libya presented a moderate perception of AMR among community pharmacists.38 This disparity is 
attributed to varying experiential learning exposure and antibiotic knowledge levels among university students.

Knowledge of Antimicrobial Therapy
Experiential, practical training in pharmacy school by attending an ID clerkship may give students more knowledge about AMT.31 

The existing study showed moderate knowledge of appropriate antibiotic therapy with a mean score of 4.9 ± 2.0. Similarly, 
Students in Saudi Arabia have moderate knowledge of appropriate antibiotic therapy, according to a previous study.35 Our findings 
showed lower knowledge of AMT among pharmacy students in comparison to a previous survey in Malaysia.31 This difference 
may be attributed to the slighter exposure to ID clerkship among pharmacy students in our study. However, medical students had 
higher knowledge scores for antibiotic use than non-medical students.39 In contrast, a prior study among undergraduate medical 
and pharmacy students in East Africa reported a good understanding of antibiotics and antibiotic resistance.40 However, in 
Nigeria, more than half of the study respondents had good knowledge and practices regarding antimicrobial use.41

Furthermore, in this study, the majority of respondents demonstrated good knowledge of appropriate antibiotics for 
various conditions, including Methicillin-resistant Staphylococcus aureus (MRSA), Clostridium difficile colitis, during 
pregnancy, and the lack of indication for antibiotic therapy for diarrhea. Previous studies have revealed that respondents 
possess a good knowledge of situations where diarrhea does not require antibiotic therapy.26,31,42 This observation was 
also consistent with the current research. However, most students in the present study needed to improve their knowledge 
of appropriate antibiotic therapy for surgical prophylaxis during cesarean section, uncomplicated URTI, and UTI. Similar 
findings were observed in past studies in developed and developing countries.26,27,31 Providing adequate training to 
pharmacy undergraduate students is crucial in developed and developing countries. The training should impart the skills 
and knowledge for identifying UTIs that do not require antibiotic therapy, the appropriate use of surgical antimicrobial 
prophylaxis, and antimicrobials for treating various medical conditions.

Additionally, our study is not supported by a study conducted in East Africa, and only over two-thirds of the students 
correctly described the appropriate antibiotic for UTI.40 Nevertheless, a survey of community pharmacists in Sudan found that 
over 50% dispensed antibiotics for UTI without a prescription.11 This widespread overuse of antimicrobials might be one 
leading cause of antimicrobial resistance, broad-spectrum use when narrow-spectrum is available, and poor patient adherence 
to prescriptions. On the other hand, AMS aims to address the inappropriate use of antimicrobials for URTI in all hospital and 
community settings.4,43 A systematic review found that community pharmacies often dispensed antibiotics to patients with 
symptoms of URTI without a prescription,4 although viruses cause most URTIs and do not require antibiotics. Proper training 
of pharmacists could reduce the inappropriate use of antibiotics for URTIs.42 The disparity in dispensing practices might be 
attributed to differences in pharmacy curricula, regulations, and inspection across countries.

Furthermore, the study found that the students lacked sufficient knowledge about the appropriate use of antibiotics that can 
penetrate the blood-brain barrier. These findings are consistent with a study conducted in several Asian nations.27 On the other 
hand, they contradict the results of a previous study, which demonstrated that most medical students and doctors accurately 
identified antibiotics that could cross the blood-brain barrier.42 Therefore, pharmacy students need more training in identifying 
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infections that do not need antimicrobials and prophylaxis and selecting appropriate antimicrobials. Training early career 
pharmacists is crucial to prevent inappropriate dispensing of antimicrobials.20 Our study found that male students had 
a significantly better understanding of appropriate antibiotic therapy than female students. The difference in knowledge 
could be attributed to this study’s unequal distribution of male and female students.

Based on the student’s interest in ID pharmacy after graduation, the differences in their antibiotic therapy knowledge 
scores could be explained by the variation in pharmacy training curricula. This emphasizes the necessity to standardize 
pharmacy training curricula across different countries. Previous data supported this observation.26,27 This result strengthens 
the view that the difference in the AMS training duration was significantly reported in this study. However, knowledge about 
AMT achievement can be developed by attending practical training by ID clerkship among pharmacy school students.31

Knowledge and Perceptions Toward Antimicrobial Stewardship
Our study found no significant differences in AMS knowledge among students from three universities, including 
familiarity with AMS goals and formal training. A previous study on antimicrobial training among medical students 
in the United States (US) had a similar result.44 Furthermore, these findings agree with a study conducted in South 
Africa.28 Similar to an earlier study conducted in Nigeria, there was no formal training in AMS among more than half of 
the students.31 The points mentioned earlier highlight the significance of imparting extra training to bridge the gaps in the 
school curricula of universities, which will boost the knowledge of future pharmacists concerning antibiotic resistance 
and prepare them to function efficiently as professionals in the appropriate use of antibiotics.

The present study found that only 57.8% of the students were familiar with AMS and its goals. This percentage is 
noticeably lower than that of previous research studies. For instance, two studies conducted in Pakistan among medical and 
pharmacy students found that 80.4% and 83.5% of the participants were knowledgeable about AMS.34,45 Similarly, a study 
conducted in three Asian countries reported that 64.5% of the participants could identify the goals of AMS.27 Our study found 
a higher percentage of familiarity with AMS among pharmacy students compared to a recent survey conducted in Saudi 
Arabia, which reported a 50.3% familiarity rate.36 The variation in results can be attributed to differences in curriculum across 
countries. To improve awareness of responsible antibiotic use, universities should incorporate dedicated modules on AMS and 
appropriate prescribing practices. This is supported by our study’s finding that there were no significant differences in the 
mean knowledge scores for AMS based on all student characteristics. This conclusion is reinforced by the fact that students 
still need to receive training in AMS. A more significant proportion of students have requested further training in AMS to 
enhance their understanding. Several studies have reported the readiness of students to receive more education on AMS. These 
studies include research on students of a US medical school, pharmacy students in South Africa, and final-year undergraduate 
medical students at three universities in East Africa.28,40,44 Therefore, pharmacist training is essential, as a lack of knowledge 
hinders the participation of community and hospital pharmacists in AMS activities.20,22,27

Students’ Confidence to Contribute to Antimicrobial Stewardship Activities
A confident pharmacist can effectively participate in AMS programs through higher self-confidence, which enables them to 
convince other healthcare professionals of the appropriate use of antibiotics. Our study found that students reported moderate 
self-confidence in completing AMS tasks, with moderate confidence observed across all tasks. However, one-third of the 
current study students need more confidence (not very confident/not confident) to interpret microbiological results. On the 
contrary, an earlier study documented that Nigerian pharmacy students reported greater confidence in their AMS skills.31

Similarly, there was a gap in understanding microbiology careers among Indian students, according to an earlier study.46 

Also, the previous research supported our finding that students needed to be more confident in reporting the microbiological 
result to influence the choice of appropriate antibiotics.40 Contrary to an earlier study in South Africa, a third of participants 
express confidence in prescribing antibiotics,47 likely due to adherence to guidelines and consultation with infectious disease 
specialists. The scarcity of AMS training for pharmacy students explains students’ need for higher confidence. However, 
proper interpretation of microbiological findings is crucial to avoid misdiagnosis and misuse of antibiotics.48

Students need more preparedness in using microbiology to guide the management of clinical scenarios with antibiotics, which 
indicates gaps in their understanding of microbiology’s role in AMS. Consequently, including AMS training in the undergraduate 
curriculum can enhance pharmacists’ skills and confidence, enabling them to contribute to AMS activities. Nevertheless, the 
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previous data reported pharmacists’ vital role in improving and implementing the AMS program.12,14,15 To reduce inappropriate 
dispensing of antimicrobials, pharmacists must have a confident understanding of microbiological results, enabling them to 
distinguish between different types of infections that require AMT. which is particularly important in a community pharmacy 
setting where patients with infections such as URTI have been reported to receive inappropriate dispensing of antimicrobials.4

Our study also found that the self-confidence scores of students to participate in AMS activities varied significantly 
based on their attendance at an antibiotic resistance workshop, seminar, or course and their interest in ID pharmacy after 
graduation. The differences in self-confidence scores were due to the diversity of pharmacy training curricula among 
schools. This study also showed that self-confidence scores varied significantly based on student interest in ID pharmacy 
after graduation, consistent with previous research in other developing countries.27

Limitation
The study shed light on the knowledge and self-confidence of final-year pharmacy students in Sudan regarding their 
participation in AMS programs. This is the first study to assess the knowledge and self-confidence of final-year pharmacy 
students in Sudan regarding antibiotic resistance, therapy, and stewardship. The study emphasizes the need for increased 
curriculum and experiential learning training to enhance knowledge and self-confidence for future experts in AMS programs. 
Despite these, some limitations should be considered with caution. Firstly, the research was conducted in private pharmacy 
schools in Sudan, making it difficult to generalize the results to the entire population. Secondly, convenience sampling was 
used to select students from three pharmacy schools. Hence, the sample collected does not represent pharmacy students in 
Sudan. Thirdly, the questions used to evaluate knowledge may only cover some relevant topics, leading to assessment bias. 
Fourthly, the participants self-reported their confidence levels, which may have been influenced by social desirability bias. 
Therefore, this can be avoided by using an objective structured clinical examination form in a clinical setting to assess 
confidence. Fifthly, the questionnaire used in the study contains questions that require students to recall past information, 
which could increase the risk of recall bias. Sixty, the diversity of pharmacy programs in the participating universities 
(including differences in training, such as ID clerkships in the final semester and less than fifty percent of students attending ID 
clerkships) could have affected the study’s outcome. These emphasized limitations should be abridged in future studies.

Conclusion
In Sudan, the final-year pharmacy students possess moderate knowledge and perceptions regarding antimicrobial resistance 
and stewardship. There needed to be better knowledge of AMT among the students. One-third of students require more 
confidence to identify microbiological findings accurately. The interest in infectious diseases after graduation significantly 
affects knowledge and self-confidence scores. The students expressed their requirement for more training regarding anti-
microbial resistance, therapy, and stewardship. Therefore, stakeholders in Sudan should consider this study’s findings to 
strengthen and enforce existing antibiotic use regulations and increase pharmacy students training in antimicrobial therapy, 
antimicrobial resistance, and antimicrobial stewardship. Consequently, this could improve their knowledge, confidence, and 
competency toward the rational use of antibiotics and better care for patients. However, it improves their ability to participate 
in antimicrobial stewardship programs in healthcare settings in their future career. Moreover, it will impact effective healthcare 
delivery and outcome measures by decreasing antibiotic consumption, compliance with antibiotic policy, and reducing 
infections. In Sudan, an antimicrobial stewardship program was established following the World Health Organization 
(WHO) elements and started by developing a National Action Plan to achieve awareness of AMR, surveillance, and research 
to prevent AMR, improve the use of antimicrobial drugs, and prevent and control infection. Further interventional studies 
regarding knowledge and attitudes toward antimicrobial resistance and stewardship among community pharmacists are 
recommended.
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