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ABSTRACT

Background: Antimicrobial resistance (AMR) is a growing global health threat. While improving knowledge is a key part of

antimicrobial stewardship (AMS), a significant gap often exists between what healthcare providers know and what they
actually practice. assess retail pharmacists’ knowledge, awareness, and dispensing practices regarding AMR and its contrib-
uting factors in Sana’a City, Yemen.

Methods: A cross-sectional survey was conducted among 300 conveniently sampled retail pharmacists from nine districts in
Sana’a City, Yemen, between October 2023 and January 2024. Data were collected using a structured, self-administered
questionnaire assessing pharmacists’ demographic and professional characteristics, knowledge of AMR, awareness of its
factors contributing, and antibiotic-dispensing practices. Knowledge and awareness items were scored on a 3-point Likert
scale, while dispensing practices were assessed using a 5-point Likert scale. Scores were converted to percentage values and
categorized as good or poor using a 75% cutoff. Associations of pharmacists’ characteristics with their knowledge, awareness,
and practices were examined using chi-square or Fisher’s exact tests, with statistical significance set at P <0.05.

Results: Most pharmacists demonstrated good knowledge of AMR, where 83.7% correctly defined AMR, 88% recognized it
as a major global health problem, and 88.7% identified it as a direct threat to human health. Microbial mutations were
recognized as a key driver of AMR by 84.3%, while only 51% acknowledged genetic transmission, and fewer recognized
healthcare-associated spread (42.3%) or hospital-acquired resistant infections (45.7%). Awareness of contributing factors was
high, including inappropriate antibiotic use (85.7%), treatment interruption (93.3%), suboptimal dosing (77.7%), use of broad-
spectrum antibiotics (61.3%), antibiotic use in livestock (86.3%), and environmental contamination (83.3%). Despite high levels
of good knowledge (86%) and awareness (86.7%), poor antibiotic-dispensing practices were common (86.0%), with 35.7%
reporting dispensing antibiotics without prescription. Pharmacists with a bachelor’s degree had higher odds of good
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knowledge and awareness than those holding a diploma degree (OR = 2.1, 95% Cl: 1.06-4.03; P = 0.034 and OR = 2.0, 95% Cl: 1.03—

4.05; P = 0.040, respectively).

Conclusion: Retail pharmacists in Sana’a exhibit a notable level of knowledge and awareness of AMR and its contributing

factors, but this level does not translate into good antibiotic-dispensing practices. This discrepancy underscores the pressing

necessity for a comprehensive strategy that goes beyond existing AMS by implementing mandatory training, educational

workshops, and strict enforcement of dispensing regulations. Further research into the social and professional drivers of these

practices is essential to develop more effective, targeted interventions.
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1. Introduction

Antimicrobials play a crucial role in saving lives by
combating bacterial infections and reducing
mortality rates.(* However, the irrational use of
these agents hasled to the emergence and spread of
antimicrobial-resistant microbes, posing a threat to
their effectiveness.®) Antimicrobial resistance (AMR)
is a natural phenomenon that develops through
several mechanisms, including genetic mutations
and horizontal gene transfer.(">7) It has emerged as
one of the most challenging public health issues of
the 21°* century, undermining all achievements and
efforts to combat infectious diseases.®"® AMR is not
limited to a specific geographic region, as reports
from the World Health Organization (WHO) have
documented the global spread of antibiotic-resistant
bacteria. 3715

Although AMR is a natural phenomenon, various
human behavioral factors have hastened the
emergence and spread of antimicrobial-resistant
microbes.("®) Key factors include the overuse and
misuse of antimicrobial agents, inadequate infection
control practices, a lack of awareness, misdiagnoses,
and the failure of many laboratories to perform
antibiotic susceptibility testing.(">%®  AMR  has
serious effects on human health and economies,
resulting in higher treatment costs, prolonged hospi-
talization, elevated mortality rates, increased
expenses, and reduced productivity.0"72" In the
United States, an estimated 2 million people contract
infections caused by antibiotic-resistant bacteria
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each year, resulting in approximately 23,000
deaths.(®2) Antibiotic resistance is also increasing in
European countries, with an estimated 33,000 deaths
annually due to antibiotic-resistant infections.?
Globally, antibiotic-resistant infections cause around
700,000 deaths annually, a number projected to reach
10 million by 2050 in the absence of effective
interventions.(81112.22.24.25)

Without effective measures to address the
problem, the economic burden could escalate to
USD 1 trillion in global output by 2030. (18:122324:26) Thjg
critical situation has drawn global attention to AMR,
leading the WHO to announce a Global Action Plan
(GAP) in 2015 and urge countries to adopt appropri-
ate action plans to tackle AMR.(:>11162627) One of the
main goals of GAP is to raise global awareness about
AMR, its implications for public health, and the im-
portance of appropriate antimicrobial use to mitigate
this growing global health threat,(1011416.26.28)

Insufficient awareness of AMR, along with the
lack of comprehensive antimicrobial stewardship
(AMS) programs in communities, contributes to the
irrational use of antimicrobials in both hospital and
community settings. This misuse, in turn, fosters the
spread of AMR.(315:2739) Retail pharmacists are
among the healthcare professionals who deal di-
rectly with the sale and dispensing of antibiotics have
the mostinteraction with patients and the public. Ac-
cordingly, they can play a pivotal role in combating
AMR by educating patients and prescribers about
rational antibiotics use.>™310212329333)  However,
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previous studies have shown inadequate knowledge
and awareness among healthcare providers regard-
ing antibiotic importance, prescribing guidelines, and
the factors that prompt antibiotic resistance.("28-3%)
Therefore, identifying AMR knowledge gaps among
retail pharmacists is necessary for developing tar-
geted educational and training programs that
empower them to effectively combat AMR.

Yemen, a country experiencing protracted
conflict and socioeconomic instability, faces signifi-
cant AMS challenges. The combination of high
antibiotic prescribing rates, prevalent over-the-
counter dispensing, widespread self-medication, and
indiscriminate antibiotic use has contributed to
alarming levels of AMR. This crisis is exacerbated by
the country's weak AMS programs.(?7343%) Despite
these pressing concerns, data on retail pharmacists’
knowledge, awareness, and practicesregarding AMR
remain scarce in Yemen. This study aimed to assess
retail pharmacists’ knowledge, awareness, and dis-
pensing practices regarding AMR and its contributing
factors. By identifying critical gaps in understanding
and practice, this research sought to guide targeted
interventions that would enhance pharmacists' ca-
pacity to support AMS initiatives within Yemen's
fragile health system.

2. Methods

2.1. Study design, population and setting

A cross-sectional survey was conducted among retail
pharmacists in Sana’a City, Yemen, from October
2023 to January 2024.

2.2. Sample size calculation and sampling method

A sample of 278 retail pharmacists was calculated
using Raosoft® software (www.raosoft.com), based
on a population size of 1000, a power of 80%, a
response distribution of 50%, a confidence level of
95%, and a margin of error of 5%. However, the
sample size was increased to 300 to improve
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precision. To collect data, pharmacy areas were
selected based on the residential locations of
researchers. Pharmacies were then conveniently
selected until the required sample of retail pharma-
cists was attained.

2.3. Survey instrument and data collection
Following a review of the literature,>'252028310 3
structured, self-administered questionnaire compris-
ing four sections was developed. The first section
included data on the demographic and professional
characteristics of pharmacists. The second section in-
cluded nine questions to assess knowledge of AMR.
The third section included six questions to assess
pharmacists’ awareness of the factors contributing
to AMR. The fourth section included eight questions
to evaluate pharmacists' antibiotic-dispensing prac-
tices.

Trained students conducted visits to preselected
community pharmacies across nine districts in the
city. During these visits, the participants were
provided with a detailed explanation of the study ob-
jectives. Following informed consent procedures,
participants received standardized paper-based
questionnaires forindependent completion. The self-
administered survey was implemented to minimize
bias, ensure response anonymity, and maintain data
integrity. Research team members collected com-
pleted questionnaires immediately  following
participation, maintaining participants’ privacy and
data confidentiality.

2.4. Scoring scheme and data analysis

To assess knowledge and awareness, responses
were scored on a 3-point Likert scale as ‘1’ for
disagreement, 2’ for neutrality, and ‘3’ for agree-
ment. When assessing antibiotic-dispensing prac-
tices, responses were scored on a 5-point Likert scale
from ‘1’ to ‘5’ for always, usually, sometimes, rarely,
and never, respectively, except for responses to
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items 1, 7 and 8 that were reverse-scored to reflect
adherence to good practices, where higher scores
indicate better compliance. The responses for each
section were summed up and divided by the possible
maximum value to get the percentage score. Each
score was divided into good or poor using 75% as a
cutoff point (275% = good, <75% = poor).(™

The data were analyzed using IBM SPSS
Statistics, version 25 for Windows (IBM Corp.,
Armonk, NY, USA). The chi-square or Fisher's exact
test, as appropriate, was used to assess the associa-
tion of pharmacists' demographic and professional
characteristics with their level of knowledge,
awareness, and antibiotic-dispensing practices con-
cerning AMR. A P-value <0.05 was considered statisti-
cally significant.

3. Results

3.1. Demographic and professional characteristics
of participants

Table 1 shows that the majority of retail pharmacists
were males (94.7%) and aged under 30 years (70.7%).
Most participants held a bachelor's degree (62.7%),
followed by those with a diploma (32.3%), while only
5% held a master’s degree. In terms of experience,
more than half had 1-4 years of experience, followed
by those having 5-10 years (25%) and over 10 years
(13%), while 9.7% had less than one year of
experience.

3.2. Knowledge of AMR

Table 2 shows that 83.7% of participants identified
AMR as the ability of microbes to survive and
reproduce despite antibiotic exposure. On the other
hand, 88% stated that AMR represents a significant
global health issue, and 88.7% recognized AMR as a
direct threat to human health. A notable percentage
of participants (84.3%) identified microbial mutations
as a driver of antibiotic resistance, with 51% ac-
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knowledging resistance transmission through
genetic material exchange between microbes.
However, only 42.3% recognized the potential spread
of antibiotic-resistant infections from health facili-
ties, and 45.7% knew that hospital-acquired
infections are commonly caused by antibiotic-
resistant microbes. Most participants recognized the
importance of culture and antibiotic susceptibility
testing in managing antibiotic-resistant infections
(85.7%) and were aware that the rational use of
antibiotics is a shared responsibility among physi-
cians, pharmacists, and patients.

Table 1: Demographic and professional characteristics of study
participants*

Characteristics n (%)
Gender
Male 284 (94.7)
Female 16 (5.3)
Age (years)
<30 212 (70.7)
30-40 73 (24.3)
>40 15 (5.0)
Qualification
Diploma 97 (32.3)
Bachelor’s degree 188 (62.7)
Master’s degree 15 (5.0)
Years of experience
<1 29 (9.7)
1-4 157 (52.3)
5-10 75 (25.0)
>10 39 (13.0)

* The total number of participants was 300. SD, standard deviation.

3.3. Awareness of the factors contributing to AMR
Figure 1 shows a high level of awareness of the
factors contributing to AMR. Most participants
recognized the role of unnecessary antibiotic use in
exacerbating AMR (85.7%), and 93.3% demonstrated
an understanding of how discontinuing and restart-
ing antibiotic therapy can contribute to AMR. Most
participants were also aware of the consequences of
suboptimal antibiotic dosages (77.7%) and the prefer-
ence for broad-spectrum antibiotics over narrow-
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spectrum options in fostering AMR (61.3%). A
majority of participants also recognized the impact
of antibiotics in livestock feed (86.3%) and the release

of antibiotics into the environment (83.3%) on the
development of AMR, respectively.

Table 2: Knowledge of AMR among retail pharmacists in Sana’a City, Yemen (2025)*

. Disagree Neutral Agree
Knowledge item & o £
n (%)
AMR is microbes’ ability to survive and reproduce despite exposure to therapeutic antibiotic concentrations. 29 (9.7 20 (6.7) 251 (83.6)

AMR is a global health challenge.
AMR to antibiotics threatens human health.

)

18 (6.0) 18 (6.0) 264 (88.0)

11 (3.7) 23(7.7) 266 (88.7)
)

Some microbes can mutate and become resistant to antibiotics. 16 (5.3 31(10.3) 253 (84.3)
AMR can be transmitted between microbes through the exchange of genetic material. 68 (22.7) 79 (26.3) 153 (51.0)
Antibiotic-resistant microbial diseases can spread from health facilities, including hospitals. 51(17.0) 122 (40.7) 127 (42.3)
Infectious diseases acquired from health facilities such as hospitals are more resistant to antibiotics. 60 (20.0) 103 (34.3) 137 (45.7)
Resistant infections can be identified by culture and susceptibility testing in the laboratory. 15 (5.0) 28 (9.3) 257 (85.7)
The appropriate use of antibiotics is a mutual responsibility between the doctor, pharmacist and patient. 16 (5.3) 15 (5.0) 269 (89.7)

* The total number of participants was 300. AMR, antimicrobial resistance.

W Agree M Neutral © Disagree
Antibiotic resistance can develop if antibiotics
arerelessednto the environment. G S e . 0%
AR can develop if antibiotics are used in
vestock feedto promote thei grouth 5637 s, =4
AR can develop if broad-spectrum antibiotics are
used, although there are limited-spectrum... _ 18.0%
AR can develop if antibiotics are given/taken in
doses lower than recommended | 87
Stopping taking the entire course of antibiotics
and then continuing them later can lead to the... _ 2.7%
Taking antibiotics without need can lead to the
developmentof AR s e 8.0%

Figure 1: Awareness of the factors contributing to AMR among community pharmacists in Sana’a City, Yemen (N = 30)

3.4. Antibiotic-dispensing practices

Table 3 shows that nearly half of the pharmacists
(47%) reported that they usually dispense antibiotics
only with a prescription. However, 35.7% acknowl-
edged sometimes dispensing antibiotics without a
prescription. Participation in the national AMS
program was limited, with only 18.3% reporting
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regularinvolvement (6% always and 12.3% usually). In
addition, more than one-third of pharmacists (36.7%)
reported never attending training or educational
courses. Nevertheless, 15.3% usually and 12.3%
sometimes participated in educational activities
related to antibiotic dispensing and AMR
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Table 3: Antibiotic-dispensing practices among community pharmacists in Sana’a City, Yemen (2025)*

Always Usually Sometimes Rarely Never

Items
n (%)

| dispense antibiotics only with a doctor's prescription. 64 (21.3) 141 (47.0) 75 (25.0) 13 (4.3) 7(2.3)
| dispense antibiotics without a prescription. 46 (15.3) 98 (32.7) 107 (35.7) 30 (10.0) 19 (6.3)
| dispense antibiotics as requested by the patient. 25 (8.3) 40 (13.3) 106 (35.3) 61 (20.3) 68 (22.7)
I only dispense topical antibiotics without a prescription 38 (12.7) 84 (28.0) 84 (28.0) 46 (15.3) 48 (16.0)
I only dispense oral antibiotics without a prescription. 36 (12.0) 77 (25.7) 111 (37.0) 34 (11.3) 42 (14.0)
| dispense intravenous antibiotics without a prescription. 18 (6.0) 39 (13.0) 44 (14.7) 85 (28.3) 114 (38.0)
| participate in the activities of the National Antibiotic Management Program. 18 (6.0) 37 (12.3) 38(12.7) 81(27.0) 126 (42.0)

| participate in various training and educational courses on methods of dispensing

antibiotics and the causes that lead to resistance.
| dispense antibiotics only with a doctor's prescription.

| participate in the activities of the National Antibiotic Management Program.
| participate in training and educational courses on methods of dispensing

antibiotics and the causes that lead to resistance.

33 (11.0) 46 (15.3) 37 (12.3) 74 (24.7) 110 (36.7)
64 (21.3) 141 (47.0) 75 (25.0) 13 (4.3) 7 (2.3)
46 (15.3) 98 (32.7) 107 (35.7) 30 (10.0) 19 (6.3)
25 (8.3) 40 (13.3) 106 (35.3) 61 (20.3) 68 (22.7)

* The total number of participants was 300. AMR, antimicrobial resistance.
3.5. Overall scores of knowledge, awareness, and
practices

Table 4 shows that most retail pharmacists
demonstrated a high level of knowledge regarding
AMR (86%) and a high level of awareness of the
factors that contribute to AMR emergence (86.7%).
However, a majority of pharmacists (86%) also
demonstrated poor antibiotic-dispensing practices.

Table 4: Overall scores of retail pharmacists' knowledge,
awareness, and practices in Sana'a City (2025)*

Variable Good Poor

n (%)
Knowledge of the problem of AMR 258 (86.0) 42 (14.0)
Awareness of the factors leading to AMR 260 (86.7) 40 (13.3)
Antibiotic-dispensing practices 42 (14.0) 258 (86.0)

* The total number of participants was 300. AMR, antimicrobial resistance.

3.6. Factors associated with AMR knowledge and
awareness, and antibiotic-dispensing practices

Table 5 shows that retail pharmacists with a
bachelor’s degree showed notably higher odds of
possessing good knowledge and awareness com-
pared to those with a diploma (OR = 2.1, 95% ClI: 1.06—
4.03; P=0.034 and OR = 2.0, 95% Cl: 1.03—4.05; P = 0.040,
respectively). However, other demographic and
professional characteristics did not show any signifi-
cant association.

© 2026 University of Science and Technology, Sana'a, Yemen.

Table 5: Factors associated with knowledge and awareness of
AMR and antibiotic-dispensing practices among retail pharma-
cists in Sana’a City, Yemen (2025)

, P
Items Factors N n(%) OR(95%Cl) value
Gender
Male 284 245 (86.3) Reference
Female 16 13(81.3) 0.7 (0.19-2.53) 0.576
Age (years)
<30 212 188 (88.7) Reference
30-40 73 57(78.1) 0.5(0.23-0.92) 0.027
Cood >4'(? . 15 13(86.7) 0.8 (0.18-3.90) 0.813
knowledge Qua!lﬁcatlon
of AMR Diploma 97 77 (79.4) Reference
Bachelor’'s 188 167 (88.8) 1(1.06-4.03) 0.034
Master’s 15 14 (93.3) 3.6 (0.45-29.33) 0.225
Years of experience
<1 29 25(86.2) Reference
1-4 157 136 (86.6) 1.5 (0.47-4.53) 0.514
5-10 75 66 (88.0) 1.2 (0.53-2.82) 0.638
>10 39 31(79.5) 0.6 (0.26-1.60) 0.343
Gender
Male 284 245 (86.3) Reference
Female 16 15 (93.8) 4 (0.31-18.59) 0.406
Age (years)
<30 212 187 (88.2) Reference
30-40 73 60 (82.2) 0.6(0.30-1.28) 0.195
oo >40 15 13(86.7) 09 (0.19-4.08) 0.859
awareness ——
of factors Qua!lﬁcatlon
N Diploma 97 Reference
contributing Bachelor’s 188 2.0 (1.03-4.05) 0.040
to AMR e ) ’
Master’s 15 3.4 (0.42-27.57) 0.250
Years of experience
<1 29 25 (86.2) Reference
1-4 157 137 (87.3) 1.0 (0.35-2.90) 0.986
5-10 75 64 (85.3) 0.90.39-1.92) 0.720
>10 39 34(87.2) 1.0(0.35-2.90) 0.986

AMR, antimicrobial resistance; OR, odds ratio; Cl, confidence interval.
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Table 5 continued...

9 P-
Items Factors N n(®) OR(95%Cl) value
Gender
Male 284 41 (14.4) Reference
Female 16 1(6.3) 0.4 (0.05-3.07) 0.375
Age (years)
<30 212 30 (14.2) Reference
30-40 73 11(15.1) 1.1(0.51-2.28) 0.847
Good >40 15 1(6.7) 0.4 (0.06-3.42) 0.427
antibiotic-  Qualification
dispensing Diploma 97 17(17.5) Reference
practices Bachelor’'s 188 24 (12.8) 0.7 (0.35-1.35) 0.280
Master’s 15 1(6.7) 0.3(0.04-2.73) 0.308
Years of experience
<1 29 4(13.8) Reference
1-4 157 22 (14.0) 0.8 (0.27-2.12) 0.593
5-10 75 11 (14.7) 0.6 (0.26-1.44) 0.260

>10 39 5(12.8) 0.8(0.27-2.12) 0.593

AMR, antimicrobial resistance; OR, odds ratio; Cl, confidence interval.

4. Discussion

Awareness of AMR and its contributing factors leads
to the judicious use of antibiotics and limits the de-
velopment of resistance. Retail pharmacists, as key
healthcare providers involved in dispensing antibiot-
ics, can play a pivotal role in combating AMR. Their
direct contact with patients enables them to inform
patients and prescribers on the appropriate use of
antibiotics. This study revealed a high level of
knowledge and awareness of the key aspects related
to AMR and its underlying factors. The majority of
participants acknowledged the global health threat
of AMR and understood the mechanisms of re-
sistance, including microbial mutation and genetic
transfer. They also recognized the shared responsibil-
ity among healthcare professionals and patients in
ensuring appropriate antibiotic utilization.

Our findings revealed consensus among most
participants that discontinuing antibiotic therapy
before completing the course, using antibiotics
without medical need, using them in livestock feed,
and releasing them into the environment are the
most prominent factors leading to the development
and spread of resistant microbes. Our findings align
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with many previously published studies,(©223:37)
indicating that a substantial proportion of pharma-
cists possess awareness and understanding of AMR
and its contributing factors. The increased aware-
ness among retail pharmacists about AMR and its
contributing factors may be attributed to the grow-
ing global awareness of this pressing issue. AMR
receives significant attention and media coverage
across various platforms, including educational cur-
ricula, media outlets, and social media channels. This
widespread interest has contributed to the dis-
semination of information and awareness among
healthcare workers, resulting in consistent findings
across multiple studies. In contrast, the findings of
the present study do not agree with other studies,3%
) which documented a low level of knowledge
among community pharmacists regarding AMR and
its contributing factors. This disparity underscores
the importance of conducting further research to un-
derstand differences in levels of knowledge and
awareness across different regions and countries.

A concerning finding revealed by this study is the
inappropriate antibiotic-dispensing  practices by
retail pharmacists, which do not reflect their demon-
strated good knowledge and awareness regarding
AMR and the factors that promote its spread,
including the misuse of antibiotics. In this context,
most pharmacists reported dispensing antibiotics
with a prescription, reflecting non-compliance with
antibiotic-dispensing regulations and heralding the
exacerbation and development of antibiotic-
resistant infections. These findings agree with the
findings of previous studies, (00314142 which have
documented inappropriate antibiotic-dispensing
practices by community pharmacists and healthcare
providers. This discrepancy between good aware-
ness and poor practices may be attributed to various
factors, including poor oversight of antibiotic-dis-
pensing practices, pressure to achieve targeted
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sales, financial incentives linked to drug sales, limited
access to updated guidelines, patient demands, and
the fragility of the healthcare system in Yemen. This
situation emphasizes the need for targeted interven-
tions and ongoing initiatives to enhance knowledge,
awareness, and compliance with guidelines among
retail pharmacists. These efforts are essential to miti-
gate the rising threat of AMR and foster rational
antibiotic use in healthcare and community settings.

In the present study, holding a bachelor's degree
was significantly associated with a high level of
knowledge regarding AMR and good awareness of
its contributing factors. This finding emphasizes the
potential impact of educational qualifications on
pharmacists' comprehension and awareness of
AMR. However, none of the demographic and pro-
fessional factors showed a significant association
with participants' antibiotic-dispensing  practices.
These findings are consistent with other
studies.(1028:43:44) Nevertheless, they contradict some
previous studies that showed a significant associa-
tion between holding a bachelor's degree and ap-
propriate antibiotic-dispensing practices by com-
munity pharmacists.(4%)

This study provides insights into the knowledge
and awareness of retail pharmacists about AMR and
their antibiotic-dispensing practices in Sana’a City.
However, a few limitations should be acknowledged.
First, the findings may not be generalizable nationally
or to all pharmacists as the survey was conducted
among a convenience sample of retail pharmacists in
Sana'a. In addition, there is a potential for bias in self-
administered surveys, as participants may provide in-
accurate answers, especially regarding antibiotic-
dispensing practices. The study questionnaire did
not also include open-ended questions aimed at
exploring the factors driving pharmacists' inappropri-
ate dispensing of antibiotics.
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5. Conclusion

Retail pharmacistsin Sana’a exhibit a notable level of
knowledge and awareness of AMR and its
contributing factors, but this level does not translate
into good antibiotic-dispensing practices. This dis-
crepancy underscores the pressing necessity for a
comprehensive strategy that goes beyond existing
AMS by implementing mandatory training, educa-
tional workshops, and strict enforcement of dispens-
ing regulations. Further research into the social and
professional drivers of these practices is essential to
develop more effective, targeted interventions.
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