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Background: Globally, healthcare systems are currently facing a significant challenge in terms of antibiotic resistance. Healthcare
professionals actively participate in the process of prescribing, dispensing and administering antibiotics.

Objective: We examined the knowledge, attitudes and practices regarding antibiotic use and antibiotic resistance among healthcare
professionals working in a tertiary hospital located in Monrovia, Liberia.

Methods: A hospital-based cross-sectional survey was carried out from January to June, 2023 involving 61 healthcare workers at the
ELWA Hospital, Liberia. A purposive sample of healthcare workers across diverse professional roles was surveyed using a structured
questionnaire on antibiotic use and resistance. Data were analyzed in SPSS v25 using descriptive statistics to summarize participant
characteristics and inferential tests to explore variable associations.

Results: Participants ages ranged from 20 to 60 years (mean = 40.7 + 5) and nurses constituted the majority professional group (59%).
Most respondents (68.9%) disagreed that antibiotics are effective against viral infections (OR = 0.45; p = 0.020). However, 36.1%
believed antibiotics could be stopped when symptoms resolve and 24.6% believed leftover antibiotics could be reused (OR = 0.33; p =
0.002). Majority, 72.1% and 70.5%, reported never using antibiotics for body pain or headaches, respectively (OR = 3.67; p = 0.001
and OR = 4.78; p < 0.001). Despite this, 39.3% admitted to sometimes or always storing leftover antibiotics and 39.3% agreed or
strongly agreed that stopping antibiotics early is safe (OR = 0.36; p = 0.016).

Conclusion: The study identified persistent gaps in healthcare workers’ knowledge, attitudes, and practices regarding antibiotic use
and resistance, despite encouraging awareness in some areas. Misconceptions such as premature discontinuation and reuse of leftover
antibiotics were common. Findings underscore the need for targeted education and strengthened stewardship programs in Liberia’s
healthcare settings.

Plain Language Summary: This study looked at how healthcare workers in Monrovia, Liberia understand and use antibiotics. It
focused on their knowledge, beliefs, and everyday practices related to antibiotic use and resistance, a growing global health problem.
Researchers surveyed 61 healthcare workers at ELWA Hospital, a major health facility in Monrovia. Participants included nurses,
doctors, pharmacists, lab technicians, and midwives. They answered a structured questionnaire designed to measure what they know,
how they feel, and what they do when it comes to antibiotics.

The study found that most healthcare workers knew that antibiotics do not work against viruses and should not be used for things
like headaches or body pain. However, many still held incorrect beliefs like thinking it is okay to stop antibiotics early or reuse leftover
medicine. Nearly 40% admitted to storing leftover antibiotics, and some disposed of them improperly. On the positive side, most
participants followed infection prevention guidelines and recognized antibiotic resistance as a serious public health threat.
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Antibiotic resistance makes infections harder to treat and is especially dangerous in places with limited healthcare resources.
Healthcare workers play a key role in preventing resistance, so it is important they have accurate information and follow best practices.
The study shows that while awareness is improving, there are still gaps that need to be addressed. Targeted training and stronger
hospital policies can help healthcare workers use antibiotics more responsibly and protect public health in Liberia.
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Introduction

Since their introduction, antibiotics have become routine in treating infectious diseases, significantly reducing disease-
related morbidity and mortality." Recent data, however, point to a significant issue for public health because of the rise in
antibiotic resistance.”> The World Health Organization (WHO) has identified antimicrobial resistance (AMR) as among
the top 10 global public health challenges to mankind* with approximately 700,000 people die each year as a result of
infections with antibiotic-resistant (ABR) organisms.”® The impact of ABR is especially severe in low- and middle-
income settings, where limited diagnostics and stewardship measures amplify irrational antibiotic use.” '® These systemic
weaknesses highlight the need to examine the human factors, particularly healthcare workers’ behaviors and practices
that influence antibiotic use and resistance dynamics.

Several studies have shown that knowledge, attitudes, and practices (KAP) regarding antibiotic use are often
inadequate, even among healthcare professionals, leading to inappropriate prescribing and misuse of antibiotics. In
many contexts, healthcare workers lack sufficient understanding of antimicrobial resistance mechanisms, appropriate
antibiotic selection, and guideline-based prescribing, while attitudes such as patient-pressure compliance and misconcep-
tions about antibiotic efficacy further compound the problem."'™"* These deficiencies in KAP contribute directly to
irrational antibiotic use, including self-medication, over-prescription, and incomplete treatment courses, all of which
accelerate the development and spread of resistant pathogens.'® The consequences of rising antibiotic resistance are
profound, resulting in prolonged illnesses, higher healthcare costs, limited treatment options, and increased morbidity and
mortality, particularly in resource-limited settings.>'°

Irrational medication use in Liberia is related to systemic issues such as the high frequency of use of expired
medications and insufficient numbers of trained healthcare providers. In many cases, health facility dispensaries may also
be inadequately maintained and personnel may not be aware, therefore do not consult the standard treatment guidelines
and essential medicines list when prescribing.'> The escalating threat of ABR in the country presents a critical challenge
to an already fragile health system, which continues to recover from the compounded effects of civil conflict and past
epidemics.'® These systemic gaps hinder effective antibiotic stewardship and increase the risk of resistant infections
across healthcare settings.'”"'®

Despite these realities, there remains a critical lack of empirical evidence on the knowledge, attitudes, and practices
(KAP) of healthcare professionals regarding antibiotic use and resistance. Most existing studies on ABR in sub-Saharan
Africa have focused on microbiological surveillance and antibiotic consumption trends, with less attention to the
behavioral and systemic factors driving irrational antibiotic use among healthcare workers. This knowledge gap
constrains the development of context-specific interventions that could strengthen antimicrobial stewardship and guide
national policy implementation. Therefore, this study was conducted to assess the knowledge, attitudes, and practices of
healthcare workers regarding antibiotic use and resistance at the Eternal Love Winning Africa (ELWA) Hospital in
Montserrado County, northwestern Liberia. Findings from this study are intended to inform tailored educational
strategies, enhance institutional stewardship programs, and contribute evidence to support the formulation of Liberia’s
renewed National Action Plan on AMR.

Materials and Methods
Study Setting and Design

This cross-sectional study was conducted from January to June, 2023, at the ELWA Hospital, a prominent tertiary
healthcare facility located in Paynesville, Montserrado County, within the capital city of Monrovia, Liberia. The ELWA
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Hospital, with at least 250 beds, serves as a critical hub for both general and specialized medical services in Liberia,
operating under the auspices of the ELWA Ministries and playing a significant role during past public health
emergencies,'® including the Ebola outbreak. The hospital houses multiple clinical departments—including internal
medicine, surgery, pediatrics, obstetrics and gynecology, and emergency care—and is supported by functional laboratory
and pharmacy units. Its workforce comprises a diverse group of healthcare professionals, including doctors, nurses,
laboratory technicians, pharmacists, and midwives, who provide care to a high-volume patient population drawn from
both urban and peri-urban communities. This setting offers a representative context to evaluate HCWs knowledge and
practices related to ABR, particularly given Liberia’s growing emphasis on infection prevention and control (IPC),
antibiotic stewardship, and ongoing post-Ebola health system strengthening efforts.

Study Population and Sample Size

While the ELWA Hospital hosts a larger pool of healthcare professionals across various departments, a sample size of 61
participants (Nurses — 36, Pharmacists — 8, Doctors — 7, Laboratory technicians - 6, Midwives — 4) was deemed adequate
based on logistical feasibility, time constraints, and resource availability. This sample was selected purposively to include
diverse cadres—such as nurses, physicians, laboratory staff, midwives and pharmacists—ensuring representation of key
professional roles relevant to antibiotic use and stewardship. The size was also informed by precedent in similar facility-
based KAP studies, where samples of 50-100 HCWs have yielded sufficient variability for meaningful analysis.?*'
Additionally, the study aimed for depth of insight rather than breadth, using structured questionnaires and stratified
analysis to explore patterns of knowledge and behavior among actively practicing professionals. As such, the sample of
61 was both methodologically sound and practical given the institutional context and study objectives.

Data Collection

A structured questionnaire was adapted from previously validated instruments assessing KAP related to antibiotic use
and ABR.?>** The tool was modified to fit the study context and content was reviewed independently by two subject
matter experts in pharmacy and public health to assess its relevance, clarity, and comprehensiveness. Iterative revisions
were made until a content validity index (CVI) of >0.70 was achieved, with the final instrument attaining a CVI of 0.79,
indicating satisfactory content validity.?* To further refine the questionnaire, a pilot test was conducted among 10 HCWs
who were excluded from the main analysis. Internal consistency reliability was evaluated using Cronbach’s alpha, which
yielded a coefficient of 0.79, reflecting acceptable reliability.

The final questionnaire comprised 35 items divided into four sections. Section I collected demographic information,
including age, sex, academic qualification, and professional cadre. Section II consisted of 12 dichotomous (“true”/
“false”) items assessing knowledge of antibiotic use and resistance, with correct answers scored as 1 and incorrect
responses as 0. Certain statements in the knowledge assessment were designed to identify common misconceptions about
antibiotic use, even if they could be interpreted as technically true in narrow clinical contexts. For the purpose of this
survey, participants were instructed to interpret the statements in the context of general, non-prescribed, or patient-
initiated use. Specifically, the statement “Antibiotics are effective in preventing infectious diseases” was intended to be
marked “False”. The correct interpretation is that antibiotics are not effective for the general prevention of community-
acquired infectious diseases by individuals and should only be used for prophylaxis under specific, direct medical
supervision (eg, prior to surgery). Section III included 9 statements evaluating attitudes toward antibiotic use and ABR.
Responses to positively worded items were scored on a five-point Likert scale (1 = strongly disagree to 5 = strongly
agree), while negatively worded items were reverse-coded. Section IV assessed self-reported practices using 10 items,
with appropriate behaviors scored on a scale from 0 (“never”) to 2 (“always”) and reverse scoring applied to
inappropriate practices.

Statistical Analysis

Data were entered into a database created with Microsoft Excel 2016, cleaned and verified for completeness. The
Statistical Package for Social Sciences (SPSS) version 25 (IBM USA) was used to analyze the data. Descriptive data
analyses was conducted, which involved summarizing frequencies and percentages into categorical variables, which
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included the general characteristics of the participants. KAP items were individually scored, and composite mean scores
were calculated and treated as continuous variables for initial analysis. To further explore associations between selected
independent variables and higher KAP scores, multivariable logistic regression models were employed to derive Odds
Ratios (ORs). For this purpose, responses were dichotomized to generate a binary outcome reflecting “Positive Attitude”
versus “Negative/Neutral Attitude”. Coding decisions were guided by the evidence-based desirability of each statement.
For desirable statements (eg, “Antibiotics should be taken only when prescribed”), responses of “Strongly Agree” or
“Agree” were classified as indicating a positive attitude. Conversely, for undesirable statements (eg, “It is okay to share
leftover antibiotics™), responses of “Strongly Disagree” or “Disagree” were coded as positive. The resulting ORs thus
represented the likelihood of respondents expressing a positive attitude toward appropriate antibiotic use. The threshold
for determining statistically significant differences was established at a significance level of p < 0.05.

Results

Demographic Characteristics of Study Participants

A total of 61 healthcare workers participated in the study. The mean age of the study participants was 40.7 years; interquartile
range (IQR): 32—45. Males accounted for 19 (31.1%) of the participants while 42 (68.9%) were females. The majority of
participants were nurses 36 (59%), followed by pharmacists 8 (13.1%), doctors 7 (11.4%) laboratory technicians 6 (9.8%) and
midwives 4 (6.5%). Regarding academic qualification, most participants 28 (45.9%) were high school diploma holders
followed by Bachelor’s degree holders 22 (36%), and Masters’ degree holders 11 (18%) (Table 1).

Knowledge of ABR Among Study Participants

Regarding understanding of the appropriate use of antibiotics, 70.5% of respondents correctly disagreed with the
statement that antibiotics are effective in preventing infectious diseases. This response was significantly associated
with higher knowledge scores (Odds Ratio [OR] = 0.42; 95% Confidence Interval [CI]: 0.21-0.83; p = 0.012). Similarly,

Table | Demographic Characteristics of the Participants (n=61)

Variable Categories Frequency Percent
Age (years) Mean = 40.7 (£5.31) Min = 20, Max = 60
20-30 9 14.7
3140 23 377
41-50 17 27.8
51-60 12 19.6
Sex Male 19 311
Female 42 68.9
Highest academic qualification | High school diploma 28 45.9
Bachelor’s 22 36.2
Master’s I 18.0
Field of discipline Nurses 36 593
Pharmacists 8 13.1
Doctors 7 1.4
Laboratory technicians | 6 9.8
Midwives 4 6.5

Note: Bolded p-values indicate statistically significant associations (p < 0.05).
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Table 2 Overall Knowledge of Antibiotic Use and ABR Among Study Participants (n = 61)

Characteristic Responded Responded Correct
“True” n (%) “False” n (%) Answer
Antibiotics are effective in preventing infectious diseases. 18 (29.5%) 43 (70.5%) False
Antibiotics are effective in reducing fever and allergies. 22 (36.1%) 39 (63.9%) False
Antibiotics are effective in the treatment of viral infections. 19 (31.1%) 42 (68.9%) False
Antibiotics are effective in the treatment of bacterial infections. 55 (90.2%) 6 (9.8%) True
Antibiotics can be reduced or suspended as soon as symptoms disappear. 22 (36.1%) 39 (63.9%) False
Antibiotics can be used for as long as needed without causing any adverse health | 7 (11.5%) 54 (88.5%) False
effects.
Antibiotics used in low doses take longer to treat the disease. 31 (50.8%) 30 (49.2%) True
Antibiotics that have been used can be stored until the next time you experience | |5 (24.6%) 46 (75.4%) False

the same symptoms.

An incomplete course of antibiotic treatment prescribed by a doctor contributes | 47 (77.0%) 14 (23.0%) True

to antibiotic resistance.

Antibiotic-resistant bacteria can spread from person to person. 52 (85.2%) 9 (14.8%) True
Antibiotic resistance is only a problem for people who take antibiotics. 6 (9.8%) 55 (90.2%) False
If bacteria are resistant to antibiotics, it can be very difficult to treat the infections | 56 (91.8%) 5 (8.2%) True
they cause.

68.9% of participants disagreed that antibiotics are effective against viral infections (p = 0.020). However, 36.1%
incorrectly believed that antibiotics could be discontinued once symptoms resolve, and the same proportion also believed
antibiotics reduce fever and allergies. Close to a quarter of respondents (24.6%) believed leftover antibiotics can be
reused and this misconception was significantly associated with lower knowledge levels (OR = 0.33; p = 0.002)
(Table 2).

Attitude Towards Antibiotic Use and ABR

Up to 18% of respondents (11.5% agreeing, 6.6% strongly agreeing) believed it is acceptable to share leftover antibiotics
with others while 39.3% of participants agreed or strongly agreed that it is safe to stop taking antibiotics once symptoms
improve. This belief was statistically associated with negative attitudes toward antibiotic use (OR = 0.36; p = 0.016).
A minority of participants (8.2%) expressed distrust in healthcare workers’ prescribing practices and the majority
rejected the idea that pharmacists should sell antibiotics without prescriptions, with 68.8% disagreeing or strongly
disagreeing (OR = 0.20; 95% CI: 0.07-0.54; p = 0.002). Less than a quarter (14.7%) either agreed or strongly agreed
with the false notion that antibiotic resistance only affects individuals who misuse antibiotics (Table 3).

Practices Towards Antibiotic Use and ABR

A majority of respondents reported never using antibiotics for body pain (72.1%) or headaches (70.5%), behaviors that
were significantly associated with safe practices (ORs: 3.67 and 4.78; p=0.001 and p<0.001, respectively). Despite
these encouraging findings, approximately 39.3% admitted to sometimes or always keeping leftover antibiotics.
Notably, 77.0% consistently adhered to infection prevention and control protocols (p<0.001). However, 16.4%
indicated they always discard antibiotics in regular trash, highlighting a persistent gap in proper medication disposal
practices (Table 4).
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Table 3 Attitude Towards Antibiotic Use and ABR Among Study Participants (n = 61)

Characteristic Strongly Agree Do Not Disagree Strongly OR 95% CI P-value
Agree Know Disagree (Positive
Attitude)
Antibiotics should be taken only when prescribed by | 35 (57.4%) | 20 (32.8%) | 3 (4.9%) 2 (3.3%) 1 (1.6%) 27.50 6.21-121.8 | <0.001
a doctor.
It’s okay to share leftover antibiotics with family/ 2 (3.3%) 5 (8.2%) 4 (6.6%) 25 (41.0%) | 25 (41.0%) | 0.14 0.04-0.45 0.061
friends if they have similar symptoms.
Stopping antibiotics early when symptoms improve | 4 (6.6%) 12 (19.7%) | 8 (13.1%) 22 (36.1%) 15 (24.6%) | 0.36 0.16-0.83 0.016
is safe.
Where antibiotics are dispensed/prescribed, 5 (8.2%) 14 (23.0%) 10 (16.4%) | 20 (32.8%) 12 (19.7%) | 0.66 0.30-1.19 0.087
patients should be advised about complying with the
treatment
Antibiotic resistance is a serious public health 40 (65.6%) 15 (24.6%) | 3 (4.9%) 2 (3.3%) 1 (1.6%) 55.00 11.3-267.9 | <0.501
threat.
| trust healthcare workers to prescribe antibiotics 25 (41.0%) | 26 (42.6%) | 5 (8.2%) 3 (4.9%) 2 (3.3%) 17.33 5.02-59.8 <0.056
appropriately.
Pharmacists should sell antibiotics without 3 (4.9%) 7 (11.5%) 9 (14.8%) 24 (39.3%) | 18 (29.5%) | 0.20 0.07-0.54 0.002
a prescription for convenience.
Antibiotic resistance only affects people who misuse | 4 (6.6%) 9 (14.8%) 12 (19.7%) | 22 (36.1%) 14 (23.0%) | 0.30 0.12-0.74 0.082
antibiotics.
Healthcare workers should be trained in antibiotic | 28 (45.9%) | 22 (36.1%) | 6 (9.8%) 3 (4.9%) 2 (3.3%) 031 0.16-0.83 0.076
resistance and use
Note: Bolded p-values indicate statistically significant associations (p < 0.05).
Table 4 Practices Towards Antibiotic Use and ABR Among Study Participants (n = 61)
Characteristic Always Sometimes | Never OR (Safe 95% CI P-value
Practice)
Take antibiotics for body pain 5 (8.2%) 12 (19.7%) 44 (72.1%) | 3.67 1.72-7.82 0.001
Take antibiotics for headache 3 (4.9%) 15 (24.6%) 43 (70.5%) | 4.78 2.12-10.78 | <0.001
Stop antibiotics early when symptoms disappear 8 (13.1%) 20 (32.8%) 33 (54.1%) 1.65 0.86-3.17 | 0.132
Keep leftover antibiotics for future use 6 (9.8%) 18 (29.5%) 37 (60.7%) | 2.06 1.03—4.10 0.040
Buy antibiotics without a prescription 5 (8.2%) 14 (23.0%) 42 (68.9%) | 3.00 1.42-6.33 0.124
Take antibiotics as instructed by a doctor/pharmacist 50 (82.0%) | 8 (13.1%) 3 (4.9%) 0.06 0.02-0.20 | 0.153
Read the antibiotic label carefully before use 35 (57.4%) | 20 (32.8%) 6 (9.8%) 0.30 0.12-0.75 0.061
Throw away leftover antibiotics with regular trash 10 (16.4%) | 23 (37.7%) 28 (45.9%) | 0.57 0.28-1.15 0.116
Adhere to infection control guidelines at the hospital 47 (77.0%) | 10 (1.6%) 4 (6.5%) 0.04 0.01-0.15 <0.001
Follow the standard treatment guidelines when prescribing/ | 41 (67.2%) | 9 (14.7%) Il (18.0%) | 0.38 0.18-0.81 0.012

administering antibiotics

Note: Bolded p-values indicate statistically significant associations (p < 0.05).

Association Between Demographic Characteristics Knowledge on Antibiotic Use and ABR
The analysis of factors associated with comprehensive knowledge on antibiotic use and resistance revealed several

significant associations. Participants holding a Bachelor’s degree demonstrated significantly higher odds of correct

knowledge compared to those with a high school diploma. Similarly, when compared to nurses, doctors were

significantly more likely to possess accurate knowledge. An association was also observed with age, as individuals
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Table 5 Association Between Demographic Characteristics and Overall Correct Knowledge on Antibiotic Use
and Resistance

Demographic Characteristic | Category Odds Ratio | 95% Confidence | P-value
(OR) Interval
Age Group (years) 20-30 (Reference) 1.00
3140 2.45 1.12-5.78 0.032
41-50 1.32 0.85-2.91 0214
51-60 1.05 0.61-2.34 0.887
Sex Male (Reference) 1.00
Female 0.42 0.21-0.79 0.005

Highest Academic Qualification High School Diploma (Reference) | 1.00

Bachelor’s Degree 3.10 1.65-6.12 0.001

Master’s Degree 1.85 0.92-3.98 0.083
Field of Discipline Nurses (Reference) 1.00

Pharmacists 1.90 0.78-4.12 0.156

Doctors 3.55 1.52-7.89 0.018

Laboratory Technicians 1.22 0.55-2.98 0.674

Midwives 0.85 0.31-2.11 0.721

Note: Bolded p-values indicate statistically significant associations (p < 0.05).

in the 31-40 year age group had greater odds of correct knowledge than their younger counterparts (20-30 years).
Conversely, female participants showed significantly lower odds of high knowledge scores compared to males. No
other categories for academic qualification, age, or field of discipline showed statistically significant associations
(Table 5).

Discussion

Healthcare professionals have a crucial role in preventing the development and spread of ABR by educating patients and
minimizing the spread of infections in healthcare settings, especially when treating infections by prescribing, dispensing,
and administering antibiotics.?**> The objective of this study was to assess the level of knowledge regarding antibiotic
resistance and its related aspects among healthcare professionals. Our study has several significant findings.

The mean age of the participants was 40.7 years, suggesting a relatively mature and experienced workforce, and the
majority were female (68.9%), with nurses comprising the largest professional group (59%). These demographics align
with similar studies in sub-Saharan Africa, where the healthcare workforce is predominantly female and nursing-led."'
The educational background of the participants was varied, with nearly half holding only a high school diploma. This
finding is significant as prior studies have shown that the level of formal education is a strong determinant of knowledge
and appropriate use of antibiotics.?’*®

Most participants (70.5%) correctly disagreed with the statement that antibiotics prevent infectious diseases, and
68.9% recognized their ineffectiveness against viral infections, reflects a relatively strong foundational understanding of
antibiotic use. These results are more favorable than those reported in a global WHO multi-country survey, where 64% of
respondents incorrectly believed antibiotics could treat viral infections such as colds and flu.*’ Similarly, a study among
university students in Saudi Arabia found that 46% mistakenly believed antibiotics were effective against viral infections,
and 53% thought viruses could develop antibiotic resistance.*® However, the persistence of misconceptions in the present

study—such as the belief by 36.1% of participants that antibiotics can be stopped once symptoms resolve or that they
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reduce fever and allergies—mirrors findings from other regions. For instance, a European Delphi study identified
widespread confusion about the role of antibiotics in managing non-bacterial symptoms like fever and allergies, even
among healthcare professionals.’’ These misconceptions are critical, as they can lead to premature discontinuation of
treatment and inappropriate prescribing, both of which are known contributors to ABR.?’*? The contrast between
accurate knowledge on some core principles and lingering myths underscores the need for targeted, behavior-focused
education that goes beyond factual awareness to address ingrained beliefs and practices.

In this study, 24.6% of participants believed leftover antibiotics could be reused, and 18% considered it acceptable to
share them with others. Additionally, 39.3% agreed or strongly agreed that stopping antibiotics once symptoms improve
is safe—a belief that was significantly associated with negative attitudes toward appropriate antibiotic use. These findings
are consistent with evidence from other regions. For instance, a US survey found that 26% of adults had used leftover
antibiotics, and over half intended to do so again, often citing convenience as justification.*® In Canada, another study
reported that 73% of parents who stored leftover antibiotics had shared them with others.>* The misconception around
stopping treatment early is echoed in studies from the UK, where patients frequently discontinued antibiotics upon
symptom relief, despite clinical guidance.*®> While emerging research suggests shorter antibiotic courses may be effective
for select conditions, treatment duration should remain under clinical oversight, as emphasized by the WHO.*® These
persistent misconceptions underscore the importance of reinforcing stewardship principles through targeted, behavior-
focused interventions—even among healthcare professionals.

It was revealed in this study that 91.8% of participants recognized antibiotic-resistant infections as harder to treat and
understood that ABR can affect everyone—not just those who misuse antibiotics. This is highly encouraging and
suggests a strong foundational awareness. This contrasts with some global trends where misconceptions remain wide-
spread. For instance, a WHO multi-country survey found that 64% of respondents incorrectly believed antibiotics could
treat viral infections, and many assumed ABR only affects individuals who misuse antibiotics.*' Similarly, a study in
Saudi Arabia reported that 53% of university students believed viruses could develop antibiotic resistance, reflecting
confusion about ABR mechanisms.* In contrast, only 14.7% of participants in the present study endorsed the false
notion that ABR affects only misusers, indicating a more nuanced understanding. These findings align with the WHO’s
assertion that ABR is a universal threat, affecting even those who have never taken antibiotics, due to the spread of
resistant pathogens through healthcare settings, food systems, and the environment.” The relatively high awareness
observed in this study may reflect the impact of targeted professional training or national stewardship efforts, and
underscores the value of continued investment in ABR education across all sectors.

The majority of participants, 72.1% and 70.5%, reported never using antibiotics for body pain and headaches, respectively,
reflecting a commendable level of awareness and aligns with responsible antibiotic use practices. This contrasts with findings
from a study among healthcare students at the University of Rwanda, where 50% believed antibiotics were appropriate for
treating pain and inflammation, indicating persistent misconceptions among future prescribers.’’ Similarly, in a multicenter
study across Kenya, antibiotics were prescribed in 73% of outpatient visits, with nearly half lacking a confirmed bacterial
diagnosis—suggesting frequent empirical use, potentially including for non-bacterial symptoms like pain and headache.*®
A systematic review across African hospitals also reported high antibiotic use for non-specific symptoms, with prevalence
ranging from 27.6% to 83.5%, particularly in West and North Africa.’® Compared to these studies, the present findings suggest
a more cautious and informed approach among participants, possibly reflecting the impact of targeted stewardship interven-
tions or professional experience. Nonetheless, the contrast with student and outpatient populations underscores the need for
continued education and system-wide reinforcement of appropriate antibiotic use.

The finding that 39.3% of participants admitted to storing leftover antibiotics and 16.4% regularly discarded them in
household trash aligns with trends observed in other low- and middle-income settings, where improper disposal remains
a persistent challenge. For instance, a study in Kisumu, Kenya reported that over half of respondents kept leftover
antibiotics for future use, and 32% disposed of them in pit latrines or compost pits, with only 4% using safer methods like
burning.*’ Similarly, in Mwanza, Tanzania, 75.5% of households disposed of unused medications in domestic trash, and
15.5% in pit latrines.*' These practices not only pose environmental hazards but also contribute to the proliferation of
antibiotic-resistant genes in soil and water systems, as highlighted in global reviews.**** In contrast, countries with
structured pharmaceutical return programs, such as the UK, have demonstrated improved disposal behaviors following
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community pharmacy-led campaigns.** The persistence of unsafe disposal in many African contexts underscores the
urgent need for public education, regulatory enforcement, and accessible take-back systems to mitigate environmental
contamination and the indirect spread of antibiotic resistance.

Our study reveals that 77% of participants consistently adhered to infection prevention and control (IPC) protocols.
This is encouraging and aligns with global evidence linking high IPC compliance to reduced transmission of ABR
pathogens and hospital-acquired infections (HAIs). This rate is notably higher than that reported in a study from The
Gambia, where only 49.5% of healthcare workers complied with IPC standards despite adequate knowledge and positive
attitudes.*> Similarly, a multicounty assessment across 17 African nations during the COVID-19 pandemic found that
primary and secondary healthcare facilities had median IPC compliance scores of 56.8% and 62.3%, respectively, with
higher scores observed only in tertiary or COVID-19-dedicated centers.*® In contrast, a regional IPC learning network in
East Africa demonstrated that structured training and quality improvement initiatives could raise compliance from 65%
to over 90% in participating hospitals.*” These comparisons suggest that while the 77% adherence observed in this study
reflects commendable progress, further gains may be achievable through sustained training, leadership engagement, and
institutional support. Encouragingly, 77% of participants consistently adhered to infection prevention and control (IPC)
protocols, which is critical in curbing the spread of resistant pathogens in healthcare settings. High IPC compliance has
been linked to lower rates of hospital-acquired infections and ABR transmission.*®

The study addresses a critical gap in empirical data on antibiotic use and resistance among healthcare workers in
Liberia, a context marked by systemic challenges in antimicrobial stewardship. By triangulating knowledge, attitudes,
and self-reported practices, the study reveals both promising trends such as high adherence to infection prevention and
control (IPC) protocols and widespread recognition of antimicrobial resistance (AMR) as a public health threat, but also
persistent misconceptions, including the reuse of leftover antibiotics. These findings offer a nuanced foundation for
designing targeted interventions.

In our study, the significantly higher knowledge among doctors compared to nurses (OR: 3.55) reinforces results from
studies in Nigeria and India which attribute this to the physicians’ central role in prescribing and their more extensive
pharmacology training.** ' Similarly, the strong association of a Bachelor’s degree with correct knowledge (OR: 3.10)
echoes research from Saudi Arabia, highlighting tertiary education as a critical foundation.’>**> However, our finding of
significantly lower knowledge among female healthcare workers (OR: 0.42) contrasts with a study from Egypt which found no
significant gender difference, and another from Nepal where females had better knowledge.>*>> This discrepancy suggests
that gender roles and access to professional development may be highly context-specific, meriting local investigation. The
peak knowledge in the 31-40 year age group supports the notion that early-career experience solidifies theoretical learning,
a pattern also observed in a systematic review of early-career general practitioners’ antibiotic prescribing for acute
infections.”® Collectively, these results confirm that knowledge is multifaceted and that one-size-fits-all educational interven-
tions are inadequate; they must be tailored to specific professional, educational, and demographic subgroups.

While the study’s scope is limited by its relatively small sample drawn from a single healthcare facility, participants
were purposively selected to represent a diverse range of professional roles relevant to antibiotic stewardship. This
sampling approach carries a risk of selection bias, as the participants may not be fully representative of all healthcare
professionals in Liberia. To address this, the study intentionally included respondents from diverse departments and
professional cadres to enhance representativeness and balance perspectives. Recognizing the potential for social desir-
ability bias in self-reported responses, the study placed strong emphasis on ensuring complete confidentiality to mitigate
this risk and enhance the reliability of findings.

Conclusion

This study revealed that while healthcare professionals generally demonstrated good knowledge and positive attitudes
toward antibiotic use, significant gaps remain in their practices, particularly concerning the use of leftover antibiotics,
premature discontinuation of treatment, and improper disposal. These findings fill an essential evidence gap in evaluating
the level of knowledge of ABR among healthcare professionals in Liberia, and highlight the need for continuous
professional education and the incorporation of ABR stewardship modules in in-service training for all healthcare
workers. Strengthening hospital policies on antibiotic use and disposal, alongside national surveillance and regulation
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efforts, will be crucial to preserving the effectiveness of antibiotics and protecting public health in Liberia. In the context
of the research setting, the study supplies baseline data that may be used to build a program that can improve the
knowledge of healthcare workers.
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