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ABSTRACT  

Background: In developing countries like Ethiopia, infectious diseases are common, and antibiotic 

resistance poses a serious threat to public health. Inappropriate antibiotic use and consumption are the 

leading causes for resistance. Antibiotic stewardship programs are proven to optimize antibiotic use 

and reduce resistance and healthcare costs. Since 2018, the Ethiopian Ministry of Health has been 

working to institutionalize stewardship programs across hospitals in the country. Despite evidence 

from a specialized hospital in Addis Ababa and the availability of national guidelines, multicenter 

studies haven’t been conducted in Ethiopia. This study aimed to determine the current status and effect 

of stewardship programs on antibiotic consumption and will suggest practical strategies to improve 

antibiotic use in the hospitals. 

Objective: To assess the effect of antibiotic stewardship programs on antibiotic consumption in public 

hospitals in Amhara Region, Northwest Ethiopia. 

Methods: A multicenter cross-sectional study was conducted across five hospitals in 2022. Data were 

collected using questionnaires and review tools, hospital records, and regional databases. Antibiotic 

consumption data was analyzed using DDD per 1,000 inhabitants per day (DIDs), and infections were 

classified in to syndromes. Perceived prescriptions for outpatient visits, and upper respiratory tract 

infections (URTIs) were used to assess prescribing behaviors of physicians. Data were analyzed in 

SPSS v21 using descriptive statistics, linear and polynomial regressions, chi-square, ANOVA, and 

SEM, with significance at P < 0.05. 

Results: A total of 39,666 cases (20.1%) and 2,763 deaths (21.2%) were attributed to bacterial 

infections during the 5 years period in five hospitals. Bacterial infections showed an increased trend 

but is predicted to decline (R² = 0.99), while mortality, though initially declining, was projected to rise 

(R² = 0.95). Sepsis/septic shock and pulmonary infections were the leading causes, accounting for 

29.9% and 25.8% for infections, and 45.2% and 21.3% for mortality, respectively. 

According to EPSS data, a total of 30.3 DIDs of antibiotics were consumed over a six-year period. 

Antibiotic consumption declined by 87.4%, dropping from 6.9 DIDs in 2016/17 to 0.9 DIDs in 

2021/22. The trend in antibiotic consumption has been decreasing as a function of y = -0.5911x
2
 + 

2376.6x - 2E+06 (R² = 0.86). About 23.4 (77.1%) DIDs of the total antibiotics consumed belonged to 

Access category, while oral formulations accounted for 29.2 DIDs (96.2%) of overall antibiotic 
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consumption. Seven antibiotics, accounting for 62.7% of the $7,281,680.9 expenditure, made up the 

DU90%. The most common antibiotics were amoxicillin, doxycycline and ciprofloxacin.  

On the other hand, antibiotic consumption over three years in hospitals accounted for 296.16 DIDs, 

and has been decreasing by 11.3% from 2020 to 2022 (R² = 1) which was also decreasing in hospitals 

with active stewardship programs (R² = 1) compared with increased consumption in the one which 

attempted to implement but interrupted ((R² = 1). Watch-category antibiotics comprised 50.8% of use, 

while oral formulations accounted for 64.6%. Eleven antibiotics (DU90%) accounted for 59.2% of 

$1,100,101.5 expenditure, with ceftriaxone, sulfamethoxazole-trimethoprim, cephalexin, and 

amoxicillin being the most consumed.  

Based on secondary data from APHI, from 25,143 specimens tested for culture and susceptibility, in 

16,825 (66.9%) bacteria were isolated. Of these isolates, 12,528 (74.5%) were gram-negative, and 

4,297 (25.5%) were gram-positive bacteria. The common gram-negative bacteria isolates were K. 

pneumoniae 3,783 (30.2%) and E. coli 3,199 (25.5%), while coagulase negative staphylococcus 1,765 

(40.1%) and S. aureus 1,293 (30.1%) were the most common gram-positive bacteria. The prevalence 

of antibiotic resistance was 2,738 (59.9%). Of these gram-negative bacteria accounted for 1807 

(66.0%), and 931 (34.0%) for gram-positive bacteria. Among the resistant gram-negative isolates, K. 

pneumoniae 743 (80.2%), E. cloacae 196 (74.8%) and A. baumannii 213 (66.6%) were highly 

resistant. From gram-positive bacteria, coagulase negative staphylococcus 406 (58.0%), Streptococcus 

species 34 (50.0%), and S. aureus 196 (37.0%) showed the highest resistance. About 571 (20.9%) of 

bacteria were resistant at least two antibiotics (range 2–10). The trend of antimicrobial resistance has 

been rising and then decreasing over the years, following the function y = -5.3247x
2
 + 46.768x - 

36.069 (R² = 0.94).  

Based on a survey of 185 physicians in outpatient departments, approximately 54.8% (60.1 ± 53.5) of 

weekly patient visits would encounter antibiotic prescriptions. About 49.5% of patients with URTIs 

would likely receive antibiotics, with 96.2% of physicians prescribing to at least one case (mean 5.9 ± 

2.2) from 10 encounters. Although 65.4% of participants exhibited good prescribing knowledge, which 

significantly predicted their subjective norms and perceived behavioral control (P = 0.000), their 

prescribing behavior not significantly influenced by their intentions to prescribe or reduce usage (P > 

0.05). 
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Similarly, among 181 healthcare professionals surveyed in inpatient wards (58.6% physicians, 41.4% 

pharmacists), over 89% identified resistance as a serious national and global issue. Easy access 

(85.6%) and inappropriate use (75.7%) were cited as key contributors. Nearly half of reported 

antibiotic uses were prescribed without lab results or susceptibility data. Most agreed that antibiotic 

stewardship programs could reduce hospital stays (75.7%) and improve care (73.5%). Recommended 

strategies included education (83.4%), institutional guidelines (79.0%), and audit-feedback 

mechanisms (78.5%). There was significant difference on the perception of health professionals on 

stewardship programs in hospitals attempted to implement the program compared with those which 

didn’t. Overall, the program implementation is rated poor, with four hospitals were ready for 

strengthening or implementation. 

Conclusions: Bacterial infections remain a significant cause of morbidity and mortality in hospitals, 

with morbidity on the rise and mortality rates declining. Antibiotic consumption at the Ethiopian 

Pharmaceutical Supply Service remained low and showed a consistent downward trend over time. 

Despite this, physicians reported a high perceived rate of antibiotic prescribing, often citing limited 

control over prescribing decisions. In contrast, antibiotic consumption within hospitals was high with 

decreasing trend over the three years period. Antimicrobial resistance identified by the regional 

laboratory was widespread and increasing, despite a downward-opening trend indicated by a quadratic 

time analysis. The implementation of antibiotic stewardship programs in the hospitals had positive 

effect in reducing antibiotic consumption and high levels of awareness and positive attitudes among 

staff related to attempts to implement the program although its status of implementation was poor. 

Given the availability of relevant infrastructure, strengthening existing stewardship programs and 

implementing new ones in hospitals is currently feasible. Overall, the findings underline the need for 

context-specific interventions and improved infection prevention and control strategies to reduce the 

burden of bacterial infections and the excessive use of antibiotics in hospital settings. 

Key Words: antibiotic consumption, AMR, ASP, Core elements of ASP, infectious diseases, 

morbidity, mortality, readiness to implement ASP, SEM, status of ASP, Trend analysis  
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CHAPTER ONE: INTRODUCTION 

1.1. Background information 

The discovery of antibiotics is one of modern medicine’s greatest achievements, saving millions of 

lives and revolutionizing healthcare [1, 2]. This success has led to a marked decline in infectious 

disease mortality [1–4], though bacterial infections continue to cause substantial global morbidity and 

mortality [5–11]. Global antibiotic consumption has steadily increased, especially in Low-and-Middle 

income countries) LMICs [12], with public hospitals, particularly medical and pediatric wards, being 

major contributors [13–17]. However, an estimated 30–50% of hospital antibiotic prescriptions remain 

unnecessary or inappropriate, especially in these wards [12, 18–20]. 

The misuse and overuse of antibiotics have significantly diminished effectiveness of antibiotics [2, 21, 

22], fueling antimicrobial resistance (AMR), treatment failures, and complications such as Clostridium 

difficile infections (CdIs) [1, 4, 23]. This contributes to rising healthcare costs, higher mortality, and 

limited treatment options [24]. Globally, bacterial infections are responsible for approximately 7.7 

million deaths, including 1.86 million in Africa, of which 1.05 million are linked to AMR [8–11]. Sub-

Saharan Africa carries the highest AMR-related mortality rate at 27.3 per 100,000 populations [5]. In 

Ethiopia, bacterial infections—including healthcare-associated infections (HAIs) are major causes of 

death [10, 25–31], with around 21,200 deaths directly attributed to AMR and 85,300 deaths associated 

with AMR-related infections [32]. 

Despite this burden, Ethiopia faces significant gaps in implementing antibiotic stewardship programs 

(ASPs) and infection prevention and control (IPC) measures [33]. Globally, the rise of antibiotic-

resistant pathogens is driven largely by overuse, misuse, prolonged and prophylactic use of antibiotics 

[2, 21], compounded by patient expectations, diagnostic delays, prescriber knowledge gaps, and 

financial barriers [24, 34–36]. The COVID-19 pandemic has further aggravated these issues [37]. As 

antibiotic effectiveness declines, healthcare systems worldwide face mounting risks [1, 2, 38], 

emphasizing the urgent need for coordinated action to preserve antibiotic efficacy and safeguard public 

health [24, 38]. 

In Ethiopia, the AMR challenge reflects global trends [20]. Although AMR has been identified as a 

national priority [39] and national ASP guidelines exist since 2018 [3], official ASP implementation 

remains largely absent [40]. A few studies report widespread antibiotic misuse and overuse [41], but 

comprehensive ASPs have yet to be adopted nationwide. To date, only Tikur Anbessa Specialized 
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Hospital (TASH) has piloted ASP implementation [17, 41], with limited evidence available from 

hospitals in northwest Ethiopia except attempts to implement. Therefore, this study aims to assess the 

status and effect of ASPs on antibiotic consumption in public hospitals in Amhara Region in northwest 

Ethiopia. 

1.2. Statement of the Problems  

Studies in various hospital wards using diverse methods have reported the prevalence of infectious 

diseases, antibiotic consumption patterns, and AMR [5–11], highlighting the need for infection 

prevention, optimized antibiotic use, improved microbiological capacity, and broader vaccine 

utilization [6, 24]. 

Bacterial infections remain major causes of hospitalization and mortality worldwide [8, 9, 21]. In 2019, 

AMR contributed to 4.95 million deaths, including 1.5 million from lower respiratory tract infections 

(LRTIs) [5]. Globally, LRTIs, diarrheal diseases, tuberculosis, and meningitis are leading causes of 

infection-related deaths, especially in children [7]. Regional data reflect this burden: in Sweden, 

pneumonia, endocarditis, and sepsis/bacteremia were leading causes of 30-day mortality [8]; in Nepal, 

bacterial infections accounted for 86% of deaths, mainly pneumonia, sepsis, and meningitis [9]. In 

Africa, bacterial infections caused 1.86 million deaths, with LRTIs, tuberculosis, bloodstream 

infections, and intra-abdominal infections responsible for 75% of these fatalities [11, 31]. 

In Ethiopia, infectious diseases contribute to 50% of deaths [10, 26], with neonatal bacterial infections 

accounting for up to 95.8% of deaths [25]. Common bacterial infectious syndromes include LRTIs, 

bloodstream infections, intra-abdominal infections, meningitis, and urinary tract infections [26, 32]. 

The HAIs affect 17% of hospitalized patients, with surgical site infections, urinary tract infections, 

bloodstream infections, and respiratory infections being most common [28]. Compliance to IPC 

remains low at 52.2% [33], and limited diagnostics contribute to misdiagnosis and inappropriate 

antibiotic use [24]. 

Inappropriate antibiotic use drives AMR [4, 24]. Over-the-counter antibiotic access worsens the 

problem in many countries [21]. Monitoring antibiotic use is essential to contain resistance [34]. 

Between 2000 and 2015, global antibiotic consumption rose 65% (21.1 to 34.8 billion defined daily 

doses (DDDs)), with projections suggesting a 200% increase by 2030 [12]. Three-quarters of this 

increase occurred in Brazil, Russia, India, China and South Africa [38], and COVID-19 may have 

further accelerated global antibiotic use [35]. In LMICs, antibiotic consumption rose 114%, while 
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high-income countries saw a 4% decline [12]. In Sub-Saharan Africa, 95% of animal health 

professionals prescribe antibiotics without testing, and many owners’ self-treat animals with limited 

knowledge [43]. Public and private healthcare sectors differ in antibiotic availability, limiting 

treatment options [42]. 

Hospital antibiotic use remains high: in the United states of America (USA), usage nearly tripled 

between 2012–2016 [13]; in Sweden, one-third of inpatients receive antibiotics, with a 9% rise in 

consumption [44]; pediatric use reaches 35% in the USA, 70% in China [14, 18]; and 78.2% of 

Nigerian inpatients receive antibiotics [15]. Broad-spectrum agents like fluoroquinolones, 

cephalosporins, piperacillin/tazobactam, and carbapenems dominate prescriptions [38, 44], with global 

inpatient antibiotic use reaching 89.3% in some hospitals [45]. In Ethiopia, community antibiotic use 

increased from 11.02 DID (2016) to 12.83 DID (2020) [46]. Inpatient prescribing rates reach 73.7%, 

and 86.4% in pediatric wards [16, 47]. Approximately 49.2% of antibiotics are used inappropriately 

[20], often due to prolonged treatment, microorganism-drug mismatches, unnecessary prophylaxis, and 

empiric broad-spectrum therapy [14, 17, 19]. Many prescriptions involve WHO Watch and Reserve 

category antibiotics [19]. Polypharmacy, prescriber perceptions, and financial incentives also drive 

overuse [16, 48, 49]. 

The emergence of multidrug-resistant (MDR) bacteria complicates treatment further. In Ethiopia, 

MDR prevalence averages 59.7%, with MDR E. coli (68.1%) and S. aureus (59.2%) highly MDR [20] 

where Methicillin resistant S. aureus (MRSA) shows full resistance to multiple antibiotics [52], and 

total S. aureus resistance reaches 97% [53]. Gram-negative resistance reaches 87.2% [54], with 80% 

Extended-spectrum beta-lactamase producers at Felege Hiwot Hospital [55]. MDR pathogens 

challenge empirical therapy, emphasizing the urgent need for ASPs [56, 57]. AMR leads to higher 

mortality, longer hospital stays, and significant economic losses [34, 58]. Without action, AMR deaths 

could reach 10 million annually by 2050, costing the global economy up to $100 trillion [24]. Multiple 

factors contribute to inappropriate antibiotic use: limited knowledge, diagnostics, healthcare 

organization, and self-medication [12, 42, 48, 49]. Up to 50% of hospital antibiotic use may be 

unnecessary [48]. Physicians often lack motivation to change prescribing habits and are influenced by 

attitudes, norms, and external pressures [36, 37, 49]. ASPs are recommended to improve prescribing 

and reduce AMR [59].  
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In LMICs, including Ethiopia, one million children die annually from treatable infections [38]. 

Ethiopia developed a national AMR strategy (2015–2020) aligned with World health organization’s 

(WHO’s) global action plan [60, 61] and an ASP guide for hospitals, though implementation remains 

limited [3]. Overall, WHO recommends 60% of prescriptions should come from Access group 

antibiotics [65] which warrants local clinical guidelines, ASP indicators, and restrictions on Watch and 

Reserve antibiotics as key strategies [66–68]. However, comprehensive ASP implementation in 

Ethiopia remains limited, except for a project at TASH [17, 41] and attempts to implement in some 

hospitals. This study aims to assess the status and effect of ASP on antibiotic consumption in public 

hospitals in Amhara region in northwest Ethiopia. 

1.3. Structure of the Dissertation 

This paper is organized into five sections based on the standard protocols of Addis Ababa University. 

The first section provides a general introduction to infectious diseases epidemiology, antibiotic 

consumption and use, AMR, ASP, and the statement of the problem. The statement of problem showed 

gaps in antibiotic consumption and use, AMR, and their consequences with possible solutions. 

Following the statement of problem overview of ASPs and their strategies as potential solutions were 

discussed to address the issues of AMR by reducing the indiscriminate use of antibiotics. Finally, a 

literature review, theoretical framework and the rationale for the study are presented and conceptual 

framework was drawn to contextualize the overall study. The second section describes general and 

specific objectives, and questions the study aims to answer. 

Following objectives, the third section describes the research methodology focusing on philosophical 

foundations, methods and materials of the study. This section addresses all possible strategies and 

approaches utilized to meet the study's objectives. It describes philosophical foundations of the study, 

and methods. In the methods part the study area, study design, target population, sampling methods, 

sample size, data collection materials, and processes were described. Additionally, it outlines the 

methods for data quality control and analysis, operational definitions and definition of terms and then 

concludes with ethical considerations. The fourth section presents the key findings of the study and 

discusses them, while also acknowledging the strengths and limitations of the study. Lastly, the fifth 

section outlines the study's conclusion, draws recommendations and suggested future directions. 

Finally, references list for the main document, and published and unpublished manuscripts are 
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provided following the references in sequential manner. At last annexed documents are presented at the 

end of the document.  

1.4. Literature Review  

ASP is crucial to preserve antibiotic effectiveness and reduce morbidity and mortality. Inappropriate 

antibiotic use drives AMR, leading to treatment failures. Hospitals should adopt prospective audit and 

feedback (PAF) and formulary restriction and pre-authorization (FRP) strategies. Studies using various 

methods have demonstrated the effectiveness of ASPs [4, 59, 70, 96–98]. This section reviews on 

history of ASP implementation and its evidence of effectiveness and factors affecting implementation 

in different countries. 

1.4.1. Overview of ASPs 

Antibiotics must be prescribed when indicated. According to the WHO's Access, Watch, and Reserve 

(AWaRe) classification, last-resort antibiotics (Reserve group) should be reserved for patients who 

truly need them [2]. ASP ensures effective antibiotics remain available by promoting appropriate use 

across all healthcare settings, guided by local epidemiology, colonization status, prior antibiotic use, 

healthcare exposure, infection source, and infection severity [2, 3, 70-72]. 

Over the past two decades, ASP has become a global priority, with organizations implementing 

interventions to optimize antibiotic use, particularly in secondary care settings [73]. The Infectious 

Disease Society of America defines ASPs as programs that ensure patients receive the most effective, 

least toxic, and least costly antibiotics for the necessary duration [74]. Similarly, the British Society for 

Antimicrobial Chemotherapy emphasizes optimal selection, dosage, and duration to achieve the best 

clinical outcome with minimal toxicity and resistance impact [75]. In 2019, the United States based 

center for disease control and prevention (CDC) emphasized optimizing prescribing, improving 

infection treatment, and minimizing adverse events such as CdIs [2]. 

Effective ASP implementation requires strong governance, clear structures, and context-specific 

strategies [2-4, 76, 77]. The CDC’s seven core elements serve as a framework, using structural and 

process measures to assess capacity, implementation, and progress. Process indicators aligned with 

specific ASP interventions are recommended to track improvements in antibiotic use [2, 3, 76, 77]. 

Success also depends on local context, implementation approach, and stakeholder engagement to 

modify prescribing behaviors [78]. Core ASP strategies include PAF, FRP, with supplemental 
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elements such as education, guidelines, order forms; de-escalation, dose optimization, and IV-to-oral 

switch [1-4, 76]. Both FRP and PAF reduce antibiotic use; however, PAF has a greater impact on 

reducing days of therapy (DOT) and length of therapy [63]. PAF-based ASPs also achieve significant 

reductions in antibiotic consumption among hospitalized patients [78-82]. Combining PAF and FRP is 

recommended, but in resource-limited settings like Ethiopia, PAF is especially preferred [2-4, 17, 63, 

76, 77]. 

To implement PAIF effectively, local adaptation is essential to overcome challenges in 

communication, patient identification, and resource development [4, 59, 83, 84]. A multidisciplinary 

ASP team—ideally including infectious disease physicians, clinical pharmacists with infectious 

disease (ID) training, microbiologists, hospital epidemiologists, infection control professionals, nurses, 

and information systems specialists—is recommended [2-4, 17, 70, 85]. Either a physician or a clinical 

pharmacist can lead the team, depending on availability [79-86]. The ASP committee's role is to 

optimize antibiotic use while promoting behavioral change to improve care quality, minimize 

unnecessary antibiotic exposure, and reduce healthcare costs [87]. ASP teams often collaborate closely 

with IPC teams, with overlapping membership and leadership, particularly in LMICs where team 

composition is shaped by local context [87-90]. 

The primary goal of ASPs is to optimize antibiotic use, improve clinical outcomes, and promote 

sustainable prescribing behavior among physicians. Secondary goals include reducing healthcare costs 

and minimizing antibiotic-induced collateral damage [2-4, 75]. Evaluation should include process 

metrics such as DDDs per 1,000 patient-days, DOT, and cost per DDD, as well as outcome measures 

such as resistance trends, readmission rates, and adherence to ASP recommendations [2, 70, 91-93]. 

However, no clear consensus exists on microbiological outcomes and stakeholder perspectives—

including physicians, pharmacists, administrators, and Drug and therapeutics committee (DTC) 

members—are essential for successful ASP implementation [93-95]. Overall, ASPs are critical for 

improving patient outcomes, reducing adverse events and costs, and preventing AMR. The 

engagement of all healthcare providers and a thorough understanding of outcome metrics are essential 

for their success. 

1.4.2. Effectiveness of the ASP  

A. Effectiveness of ASPs 
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A systematic review and meta-analysis in Asia found that ASP implementation shortened antibiotic 

therapy duration, reduced overall antibiotic consumption by 9.7%, carbapenem use by 10.6%, and 

antibiotic costs by 9.7% to 58.1%. Resistance rates of CdI, MRSA, carbapenem-resistant Pseudomonas 

spp., Acinetobacter spp., and MDR also declined [98]. In China, a segmented regression analysis 

across 65 hospitals showed ASP reduced inpatient antibiotic prescribing by 2.3% per month, 

consumption by 2.2 DDD/100 bed-days, prescription rates from 62.9% to 35.3%, and costs by $7 

monthly; hospital stay costs fell 53%, and very-restricted antibiotic costs dropped 87% [99]. 

In India, a pre-post quasi-experimental study using audit and feedback improved appropriate antibiotic 

use from 66.8% to 86.8%, reduced consumption from 4.4% to 3.9%, length of stay from 17.3 to 14.1 

days, and HAI risk by 43% [100]. However, barriers such as limited clinical pharmacists, physician 

resistance, and incomplete electronic medical records (EMRs) were reported [101]. In Japan, post-

prescription review reduced carbapenem DOT from 5.5 to 2.8 days/100 patient days (PDs), cutting 

costs by $150,000 [102]. Another Japanese study reported reductions in prolonged antibiotic use (from 

5.2% to 2.9%) and MRSA prevalence (from 47.6% to 39.5%), though overall antibiotic consumption 

remained stable [103]. In Thailand, a pediatric study found decreased vancomycin and colistin use 

post-ASP, while LOS remained at 7 days overall but declined from 27 to 24 days for patients on 

selected antibiotics [79]. In Switzerland, guideline dissemination and multidisciplinary quality circles 

reduced antibiotic consumption from 45.6 to 35.5 DDD/1000 beds/day in 65% of long-term care 

facilities; 63% of use was in the Core-Access group and 27% in Watch group [104]. 

In Ethiopia, at TASH, audit-feedback intervention reduced DOT during implementation (754 vs. 

1549/1000 PDs post-intervention), shortened treatment duration (8.7 vs. 12.8 days), length of stay ( 

LOS) (19.8 vs. 24.1 days), and lowered mortality (6.9% vs. 14.7%) [17]. Despite high physician 

acceptance, lack of institutional support and lab capacity were challenges; however, national ASP 

initiatives and the AMR crisis present opportunities [44]. 

Globally, AMR may reduce gross domestic product by $3.4–6.1 trillion annually by 2050 due to 

workforce and livestock losses [59]. Given limited healthcare resources and gaps in ASP benefit 

evidence, robust evaluations of ASP cost-effectiveness are essential [105,106]. A Spanish decision 

model showed ASPs in critical care reduced antibiotic use short-term, generating a €71,738 net benefit; 

long-term costs reached €107,569, with €7,342 per MDR infection avoided and €9,788 per life-year 

gained [107]. In the U.S., ASPs cut antibiotic costs from 14.4% to 9.8% annually, saving $1.7 million 
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and reducing DDDs by 9.7% [108]. A review of 16 studies showed antibiotic costs dropped by 

$448.3/100 PDs (25%), consumption declined by 16%, mortality decreased by 3.3%, and HAIs by 

7.7%, though revenue impacts varied [109]. 

1.4.3. Factors affecting effectiveness of ASPs 

In Korean hospitals, ASP compliance was 70.4%, with low adherence attributed to ignorance (56.3%), 

prescriber stubbornness (25.0%), and lack of interest (18.7%) [110]. In Japan, adherence to prospective 

audit and feedback (PAF) was 78%, with lower adherence linked to liver disease, diabetes, and 

multiple PAF advisories; non-adherence negatively affected antibiotic duration and infection-related 

outcomes [111]. Integrating practice visits, needs assessments, peer feedback, and audits enhances 

engagement in ASP, while private discussions, education, discouraging repeated misuse, and 

organizing conferences can improve compliance [111,112]. 

A North American survey among ASP clinicians for pediatric oncology identified barriers including 

limited data resources, clinician time, ASP authority, communication gaps, expertise in 

immunocompromised care, and prioritization of other populations. Oncology clinicians were more 

concerned about rare adverse events than long-term antibiotic risks, often lacked confidence in ASP 

input, preferred autonomy, and were unconcerned about antibiotic costs [113]. In Australia, barriers 

included a culture of independence, limited feedback, personal relationships, geographic isolation, 

poor benchmarking, and resource limitations, absence of guidelines, knowledge gaps, workload 

pressures, perceived patient expectations, and fear of patient dissatisfaction [114,115]. 

Prescriber knowledge, attitudes, and practices play a key role in AMR prevention [116-123]. Antibiotic 

prescribing is influenced by both prescribers’ intrinsic factors and external systemic factors [123]. In 

India, while physicians demonstrated good knowledge (77.3%) and attitudes (87.3%), practice scores 

were lower (67.6%); 7.4% of informal providers prescribed antibiotics for common colds [117]. In 

Brazil, 99% recognized AMR as serious, 86.7% acknowledged overprescription, but only 2.9% 

prioritized antibiotic control [121]. In Delphi, 90% of physicians supported hospital antibiotic policies, 

78.7% felt confident in their prescribing, 86.2% believed policies reduced AMR, and 72.5% practiced 

de-escalation. However, 16.2% didn’t consult seniors for stronger antibiotics [124]. 

Structural equation modeling (SEM) of physicians' prescribing behaviors in hospitals indicated that 

subjective Norm (SN), particularly patient pressure, is the strongest predictor of indiscriminate 

antibiotic prescribing behaviors. However, both attitude and perceived behavioral control perceived 
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behavioral control (PBC) also play significant roles in determining antibiotic prescribing behavior 

[37]. Another SEM-based study found that higher knowledge among physicians was linked to more 

favorable attitudes and intentions regarding ASPs. Enhanced understanding helped reduce fear, and 

ignorance, indirectly shaping prescribing intentions through diminished ignorance-related attitudes. 

Although improved knowledge was associated with more rational antibiotic use attitudes, it did not 

directly influence prescribing behaviors. Additionally, high levels of perceived pressure from patients 

were associated with less favorable attitudes toward appropriate antibiotic use and contributed to 

increase in prescribing [123]. 

1.5. Theoretical Framework  

ASPs have been conceptualized in various ways, including as a set of coordinated interventions, a 

program, a philosophy, and an ethic [71]. ASP interventions better be implemented using a stepwise 

approach that builds on existing structures and reporting, maximizes teamwork, and encourages 

champions and clinical staff, including prescribers, to participate. Integrating with existing continuous 

quality improvement models, such as the Plan-Do-Study-Act (PDSA) cycle, to engage clinical staff in 

ASP team efforts may bear better effects [2]. Effective ASP must bring together various "actors" 

(individuals, organizations, governments) and activities to facilitate the cyclical collection, analysis, 

and feedback of data on antibiotic consumption, resistance surveillance of microorganisms, and data 

on the quality of antibiotic use. This data is essential for assessing the effectiveness of ASP strategies. 

As indicated in the figure 1, ASPs focus on changing prescriber behavior to promote better antibiotic 

prescribing and use. Therefore, ASP interventions should be designed with the prescriber at the center 

[71]. 
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Figure 1: Actors and actions within the ASP, Dyar O.J. et al. [71] 

The objectives of the ASP, along with how they are achieved and measured based on the strategies, 

must be agreed upon by all key stakeholders and communicated clearly. One effective method for 

achieving this is to produce a driver diagram, which is a logic chart with three or more levels. It should 

include the goal or vision, the high-level factors needed to achieve the goal (referred to as "primary 

drivers"), and specific objectives and activities designed to influence these factors. A driver diagram 

helps an ASP team explore factors that may hinder the achievement of a specific overall goal, 

illustrates how these factors are connected, serves as a communication tool for explaining a change 

strategy, and provides the basis for a measurement framework [125]. Using a driver diagram is a 

valuable approach for determining which interventions to include in the ASP program. It organizes 

information on proposed activities, ensuring that the relationships between the aims of the 

improvement project and the changes to be tested and implemented are clear [76]. 

When assessing the impact of a stewardship intervention, it is essential to consider all intended and 

potential unintended effects [126]. AMR containment is one of the highest priorities in public health, 

and ASPs are among the most important strategies to achieve this goal [127]. By changing the 

prescribing behavior of physicians, ASPs can improve patient care by increasing the appropriateness of 

all types of antibiotic use, including prophylactic, empirical, and directed therapy. The short-term 

effects of ASP interventions include changes in knowledge, attitudes, and beliefs about antibiotics and 

improving patient care, while long-term effects manifest as improvements in outcomes related to 

resistance and cost savings [128].  
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Figure 2: Schematic overview of the expected timeline of the impact of a subset of ASP different 

aspects, Dik J-W.H., et al [128] 

The Behavior Change Wheel model (BCW), designed for characterizing and developing behavior 

change interventions, has been customized and validated as a framework for use in ASPs for better 

outcomes [129]. According to the BCW, once problem is identified and contextualized, interventions, 

and policies can be implemented to change behavior based on interactions within and between layers. 

The Capability, opportunity and motivation model will be utilized to understand behaviors and the 

impact of behavior change on antibiotic consumption [130]. 

Optimizing antibiotic use and reducing AMR is a global priority [1, 2, 4], with ASPs being key to this 

effort. Achieving evidence-based prescribing requires behavioral changes guided by effective 

strategies. However, prescribing is affected by limited diagnostics, absence of guidelines, difficulty 

monitoring patient progress, poor rural intensive care, patient demand for quick relief, expectations 

from past prescriptions, and fear of losing patients to competitors [42, 131]. Factors at individual, 

interpersonal, organizational, and policy levels also influence prescribing [132]. Overall ASPs have 

proven effective globally in reducing inappropriate antibiotic use, lowering healthcare costs, and 

combating AMR. While studies from well-resourced settings demonstrate significant improvements in 

antibiotic prescribing patterns and clinical outcomes, evidence from low-income countries like 

Ethiopia remains limited. The few available studies, including one at TASH, show ASPs can reduce 

antibiotic use, but face implementation challenges including weak health infrastructure, limited 

diagnostic capacity, and staffing shortages. These systemic constraints, combined with persistent 

inappropriate prescribing despite healthcare providers' knowledge, highlight the complex barriers to 

effective stewardship in resource-limited settings. 
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The persistence of irrational antibiotic use points to deeper behavioral and institutional factors that 

undermine stewardship efforts. Prescriber autonomy, patient demands, lack of feedback mechanisms, 

and poor interdisciplinary collaboration often outweigh clinical guidelines and knowledge. These 

challenges call for tailored, context-specific stewardship models that address both structural limitations 

and the human factors influencing prescribing behaviors. Developing sustainable ASPs and evaluating 

the existing once will require solutions that account for local health system realities. Such approaches 

must balance immediate clinical needs with long-term antimicrobial preservation goals in resource-

constrained environments. This study is therefore needed to address the existing gaps in ASP 

implementation and determining the effectiveness of the attempts already on place. It also helped to 

customize a conceptual framework to determine the outcomes of ASPs based on the aforementioned 

literature reviews and theoretical frameworks.   

1.6. Conceptual Framework 

The conceptual framework (Figure 3), based on the theory of planned behavior (TPB), integrates 

individual and systemic factors influencing antibiotic prescribing and ASPs. At the individual level, 

physicians’ knowledge shapes attitudes, perceived control, and norms, which affect their intent to 

prescribe antibiotics. Positive attitudes, supportive norms, and confidence promote rational prescribing. 

However, intention may not always lead to action, as prescribing is also influenced by patient factors 

like illness severity and socio-demographics. 

The framework also incorporates hospital-level factors affecting prescribing and ASP implementation, 

such as resource availability (antibiotics, diagnostics), leadership, expertise, monitoring systems, 

education, and institutional guidelines (IPC, DTC functionality). These factors enable or limit 

evidence-based decisions and ASP sustainability. Patient factors further shape prescribing by 

influencing clinical urgency and judgment. 

External factors, including national policies, government support, partnerships, and networks (e.g., 

stakeholders, labs, accreditation bodies), create the broader environment for ASP effectiveness. 

Additionally, healthcare professionals' awareness, experience, attitudes, team dynamics, and adherence 

to ASPs directly impact program success and patient outcomes. Altogether, this framework captures 

the complex, multi-level factors that shape prescribing behavior and ASP effectiveness, aiming to 

optimize antibiotic use, reduce AMR, and improve care quality. 
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 Hospital characteristics  

 Available resources (antibiotic supply) 

 Leadership commitment and accountability 

 Drug expertise, specific Interventions 

 Tracking / reporting  

 Education 

 Data monitoring, transparency and infrastructure  

 Availability of Expertise at the point of care 

 Diagnostic facility, guidelines  

 Availability and functionality of IPC and DTC 

 presence and functionality of DTC  

 Availability of antibiotics  

Health professional/ 

 Experiences, awareness, attitude, 

perception, about ASP  

 Qualification and professional mix 

 ASP team strength/ composition   
 Willingness to accept ASP and 

recommendations  

  

External-Environment 

 Policy framework 

 Government commitment   

 Partnerships and networks 

available (NGO's, regional lab, 

accreditation bodies etc.) 

 

 

Antibiotic prescribing 

decision and choice 

(Behavior)   

 Patient related characteristics 

- Severity of illness 

- Socio-demographic 

factors  

- attitude and perception 

Outcome of 

ASP  
Implementation 

of ASP  

ATTITUDES 

One’s positive or 

negative evaluation 

of antibiotic 

SUBJECTIVE NORM 

One’s perception 

of social 

expectations in 

PBC 

One’s beliefs regarding 

the ease or difficulty in 

prescribing antibiotics. 

BEHAVIOURAL 

INTENTION 

to prescribe 

antibiotics 

Knowledge of 

physicians   

**Outcomes of ASP: Optimized and reduced antibiotic consumption, improved patient care and possible ↓AMR, ↓cost, clinical outcomes 

Figure 3: The conceptual framework adopted based on the literature 
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1.7. Scope of the Study 

This study collected data on epidemiology, antibiotic consumption, prescribing behaviors of 

physicians, the current status of ASPs, the challenges and opportunities in implementing ASPs in 

hospitals. In addition, antibiotic consumption data were collected from the EPSS, and the AMR data 

from the APHI were included to see the trends of antibiotic consumption and AMR in the area. 

The study also assessed the status of ASPs in these hospitals and their current readiness to implement 

such programs. A readiness assessment survey evaluating healthcare professionals’ perceptions of 

AMR, antibiotic prescription practices, ASPs, and potential strategies to control AMR was conducted. 

In addition, a survey was performed to determine the relationship between knowledge, attitudes, SN, 

and PBC regarding antibiotic prescribing, which was linked to the intention to prescribe antibiotics as a 

latent indicator of prescribing behavior among (GPs) and resident physicians practicing in the 

outpatient departments of hospitals. Since there were no available data on antibiotic prescriptions by 

the physicians, it was not possible to link the intention to prescribe antibiotics. Thus, the study 

primarily focused on gathering data on status of ASPs in hospitals and identification of gaps for further 

improvement and implementation.    
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1.8. Significance of the Study

In Ethiopia, data on antibiotic consumption and AMR remain lacking, despite infections being 

common and the leading cause of mortality. The usual approach to managing infectious diseases is 

largely based on empirical therapy, which is significantly influenced by drug promoters and the 

experiences of physicians. There is no organized monitoring process for antibiotic consumption in 

hospitals, nor are there established treatment guidelines or health facility-based formularies. 

Determining the existing practices regarding antibiotic consumption and the capacity of hospitals, 

along with implementing facility-specific ASPs based on available resources, is critical. In this context, 

the study will have significant value for the general public, and more specifically, for patients and the 

hospital community. 

Thus, the rationale for this study is to identify gaps in antibiotic use and fill them by raising awareness 

among healthcare professionals and hospitals about mindful antibiotic prescribing. The study aims to 

produce evidence for action in hospitals, assist the healthcare system in understanding affordability, 

and inform decision-making regarding the use of these interventions. Additionally, it seeks to identify 

challenges specific to the study area concerning ASPs and devise appropriate solutions. Overall, the 

findings will benefit hospital managers, patients, healthcare professionals, local health leaders and 

decision-makers, and non-governmental organizations.   
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CHAPTER TWO: OBJECTIVES OF THE STUDY AND RESEARCH 

QUESTIONS 

2.1. The General Objective  

- To assess the current status and effect of antibiotic stewardship programs on antibiotic 

consumption in public hospitals in Amhara Region, Northwest Ethiopia, 2025. 

2.2. Specific Objectives 

The specific objectives of the study were:    

- To determine trends in morbidity and mortality from bacterial infections in hospitals   

- To determine trends in antibiotic consumption at EPSS over six years period  

- To determine effect of ASP on antibiotic consumption in the hospitals over three years period 

- To determine relationship between antibiotic use and AMR 

- To determine trends in AMR at APHI over 6 years period    

- To model determinants for antibiotic prescribing behaviors in outpatient departments among 

physicians using an SEM   

- To assess the status of ASP implementation in the hospitals  
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2.3. Research Questions 

It is hypothesized that the introduction of an ASP leads to improved appropriate antibiotic utilization, 

reduced antibiotic consumption, and lower costs of antibiotics. Similarly, it is hypothesized that 

knowledge has direct and indirect effect on the intentions to prescribe and reduce antibiotics. In this 

context, the study will address the following questions: 

1. What is the readiness of hospitals to implement ASP? 

 What is the current trend in morbidity and mortality from bacterial infections? 

 What is the current status of ASP in hospitals? 

 What is the awareness level and attitude of health professionals about ASP? 

 Are the hospitals ready to implement ASP? 

2. What is trend of antibiotic consumption and AMR in the study areas? 

 What is the trend in antibiotic consumption and AMR?  

 Is there difference in antibiotic consumption in hospitals with active ASP and those 

without? 

3. What are the factors that affect drug prescribing behaviors? 

 Is there a relationship between knowledge and attitude, SN, and PBC? 

 Is there a relationship between Attitude, SN and PBC and intention of antibiotic 

prescribing?  

 Is there a relationship between intentions of antibiotic prescribing with perceived 

behavior to prescribe antibiotics?   

4. What are challenges and opportunities to implement ASP in the hospitals?  
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CHAPTER THREE: RESEARCH METHODOLOGY  

The research methodology is viewed as the theory behind the organization of an activity, involving an 

active interaction between humans and their external environment [133]. Research philosophy refers to 

a system of assumptions and beliefs regarding the development of knowledge [134], framing activity 

as a comprehensive aspect of human life; thus, a human being is defined as an active being [133]. The 

philosophical assumptions that researchers bring to a study serve as the foundation for the types of 

research strategies used (e.g., quantitative or qualitative) and the specific methods employed to 

implement these strategies (e.g., quantitative versus qualitative data collection) [135]. 

The methodology of scientific research serves as a bridge and occupies an intermediate position in the 

following hierarchy: the philosophy of science, the methodology of scientific research, research 

design, and research techniques [133]. Incorporating elements from various disciplines, such as 

philosophy, psychology, systems analysis, or systems engineering, can facilitate the selection of the 

general structure of activity [133], as presented in Figure 4. Thus, describing the philosophical 

foundation of the research is important and is outlined in the next pages. 

 

Figure 4: The structural components of an activity [133] 

3.1. Philosophical Foundation: Ontological, Epistemological and Axiological Considerations 

Our beliefs and assumptions about what is important affect all of us in our decisions. These include 

assumptions about human knowledge (epistemological assumptions), the realities we encounter in our 

research (ontological assumptions), and the extent to which our values influence the research process 

(axiological assumptions) [134]. A credible research philosophy comprises a well-thought-out and 
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consistent set of assumptions that underpin methodological choices, research strategies, data collection 

techniques, and analysis procedures [135]. 

Epistemology concerns assumptions about knowledge and knowing, including what constitutes 

acceptable, valid, and legitimate knowledge, as well as how we can communicate knowledge to others 

[134]. It represents a philosophical belief system regarding how research proceeds and what counts as 

knowledge [135]. Ontology refers to assumptions about the nature of reality, with researchers' 

ontological assumptions shaping how they perceive and study their research subjects [134]. It serves as 

a philosophical belief system about the nature of the social world (e.g., whether it is patterned and 

predictable or constantly re-created by humans) [136]. Axiology, on the other hand, pertains to the role 

of values and ethics within the research process [134]. Together, these elements form a paradigm, a 

worldview, or a framework through which knowledge is filtered, constituting a foundational 

perspective that guides the research process [136]. 

In general, a researcher's ontological and epistemological views shape the paradigm and axiology. 

Accordingly, paradigms and axiology can be broadly organized into four categories [137]. These are 

relevant to pharmacy practice research and can be described as follows: 

 Positivism: The belief in one "true" reality that can be perfectly apprehended. 

 Post-positivism (or realism): The belief that reality, while objective, is only imperfectly 

apprehendable, expressed only as a statistical probability. 

 Interpretivism (or constructivism): The belief that worldviews cannot be removed from 

research, and therefore researchers must acknowledge, describe, and fully consider their 

roles. 

 Pragmatism: The belief that reality is constructed and cannot be separated from its socio-

historical context and power imbalances.  

The development and evaluation of ontologies to guide appropriate antibiotic prescribing is common in 

healthcare. Quantitative studies typically employ positivism and post-positivism, whereas qualitative 

studies and mixed methods research utilize interpretivism and pragmatism, respectively [137]. One of 

effective methods to better understand stewardship and antibiotic prescribing, as well as the challenges 

to good prescribing practices, is to directly engage with prescribers through qualitative interviews [37, 

58, 112, 123]. Qualitative research aims to explore and understand the social world, while quantitative 

research uses numerical data to formulate facts and uncover patterns about the natural world. Mixed or 
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semi-mixed methods should be established to integrate these two research approaches, enabling both 

breadth and depth of understanding, as well as justification of a rationale for mixing quantitative and 

qualitative research approaches complement and corroborate each other [135].  

In cognizant that reality exists independent of our beliefs, and acquisition of knowledge is independent 

of morals or values, the current study employs positivism paradigm. The study used systematic review, 

analysis of routinely collected and quantitative and semi-structured interviews as research methods. 

Overall structured and semi-structured questionnaires were used to assess current antibiotic use practices, 

status of ASP and readiness for ASPs in hospitals, and for SEM on antibiotic prescribing behavior of 

physicians in the hospitals.     

3.2. Methods   

3.2.1. Study settings and period 

The study was conducted from April 2022 to January 2024 in public hospitals across four zones in the 

former Gojjam area, including Bahir Dar city. The study included Tibebe Ghion Specialized Hospital 

(TGSH), Debre Markos Comprehensive Specialized Hospital (DMCSH), Felege Hiwot 

Comprehensive Specialized Hospital (FHCSH), Finote Selam General Hospital (FSGH), and Injibara 

General Hospital (IGH). These five facilities, selected based on regional security conditions, are part of 

the 81 hospitals located in the Amhara National Regional State [138] and were selected based on the 

security situation in the region. Additionally, EPSS and APHI were included to assess the local 

magnitude of antibiotic consumption and AMR. EPSS is the main public supply agency responsible for 

providing pharmaceuticals, laboratory reagents, medical equipment, and supplies, including antibiotics, 

to the region [139]. APHI, established to consolidate various work processes within the regional health 

bureau and laboratory centers, is the only institute responsible for coordinating AMR surveillance in 

the area. APHI aims to in improving health services by integrating newer technologies and expanding 

their use based on available records [140]. 

Although Ethiopia tried to implement since 2018, Amhara regional health bureau started to implement 

ASPs since January 2020. The hospitals deliver comprehensive care through outpatient departments, 

inpatient wards, and ICUs. Although efforts have been made to assign clinical pharmacists, clinical 

pharmacy services remain only partially integrated into patient care. There are no computerized 

physician order entry systems, EMRs, or unit-dose dispensing systems currently in use. As of 2021, the 

hospitals collectively had 1,718 beds and reported 13,896 admissions annually. Data on hospital 
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readiness for ASP implementation and for the retrospective analysis was collected between July and 

December 2022. The admission and mortality trend analysis for bacterial infections spans five years 

(2018–2022), AMR trend data covers 2016–2021,and  antibiotic consumption data were obtained from 

EPSS (2017–2022) and hospital records from 2020–2022, respectively. 

3.2.2. Study Design  

This study employed a multicenter cross-sectional study design with quantitative methodologies, 

utilizing primary and secondary data. Retrospective data on the burden of infectious diseases, 

antibiotic consumption and use, and AMR were collected using cross-sectional data collection 

methods. Additionally, review of relationship between antibiotic consumption and resistance was 

conducted. A cross-sectional survey was conducted to assess prescribing behavior of physicians, 

hospitals' readiness to implement ASP, as well as the perceptions of healthcare professionals regarding 

AMR, possible causes, ASP and potential solutions.   

3.2.3. Study Population 

3.2.3.1. Source Population 

The source population for this study included all patients admitted to inpatient wards across the 

hospitals. Key personnel and healthcare professionals were also included as part of the readiness study. 

Additionally, laboratory logbooks, health information management system (HIMS) data, and Bin cards 

were used as secondary data sources for antibiotic consumption, use and AMR in APHI, hospitals, and 

EPSS. For SEM study, both GPs and residents working in outpatient departments (OPDs) and involved 

in antibiotic prescribing in the hospitals served as the source population. 

3.2.3.2. Study Population 

For the readiness study, physicians and pharmacists involved in patient care, as well as hospital 

managers (CEO, medical director, head of human resources, head of the laboratory, ASP leader, and 

heads of the pharmacy department) were included. For the SEM study, physicians (GPs and residents) 

serving in OPD were included. Six years of antibiotic consumption data from EPSS and six years of 

AMR data from APHI were analyzed. Additionally, three years of antibiotic use data from hospitals, 

based on Bin cards, as well as data on infectious diseases from the HIMS, were incorporated into the 

study. 
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3.2.4. Sample size determination 

The retrospective data on infectious diseases epidemiology, antibiotic consumption and use, and AMR, 

included all available records. The SEM study and assessment of health professionals’ perception 

about ASP was determined based on formula for finite population:  

 

Where: 

 n is the sample size  

 X² is the table value of the chi-square for 1 degree of freedom at the desired confidence 

level (1.96² = 3.84)  

 N is the total population, which was determined based on the estimated number of 

professionals available in the hospitals for inpatient and outpatient department (OPD) 

services (half for inpatient services and half for outpatient services for each study) 

 P is the population proportion   

 d is the degree of accuracy, expressed as a proportion (0.05). 

According to Gebretekle et al. [41], physicians are perceived to prescribe antibiotics to about 25% of 

their patients. Therefore, a prevalence of 25% was used to calculate the sample size for this study. The 

sample size (n) was calculated as follows:  

         = (1.96*1.96) *487*0.25(1-0.25)/ ((0.05*0.05) *(487-1) + (1.96*1.96) *0.25(1-0.25)) 

         =182 

Thus, the required sample size (n) was approximately 182. To account for potential non-response, 10% was 

added, bringing the total sample size for the readiness assessment and SEM study to 200. Samples were 

proportionally allocated for each hospitals and wards.  
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3.2.5. Theoretical Framework for Structural equation modeling 

Attitudes, SNs, and PBC are related to a specific set of salient behavioral, normative, and control 

beliefs about antibiotic prescribing. PBC, along with behavioral intention, can be used directly to 

predict behavioral outcomes. Attitudes are defined as the degree to which a prescriber favors the use of 

antibiotics in outpatient encounters, while SN and PBC measure the perceived social pressure 

regarding antibiotic prescriptions and how easy a prescriber feels in making rational decisions about 

antibiotic prescriptions, respectively. Behavioral intention serves as an intermediate measure of the 

degree to which a prescriber is willing to prescribe antibiotics [141]. Thus, the modified theory of 

planned behavior (MTPB)  based on theory of  TPB (Figure 5) was used and linked knowledge to 

attitudes, SN, and PBC, ultimately connecting to antibiotic consumption, intentions to prescribe 

antibiotics, and behaviors influencing antibiotic prescribing [36, 37].  

 

 

Figure 5: Theory of planned behavior [141] 

3.2.6. Data collection instruments 

The data collection tools were developed in alignment with the study objectives. The capacity and 

readiness of health facilities were assessed based on the core elements of hospital ASP [72]. 

Additionally, SEM for knowledge, attitudes, and behaviors regarding antibiotic prescribing, as 

developed by Liu et al. and Pan et al. [36, 37], was adopted. Customized [2, 17, 41] data collection 
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checklists and formats were designed to gather data on the status of ASPs and to extract retrospective 

data. 

The questionnaire included items on experiences with antibiotic use, perceptions of AMR, causes of 

AMR, barriers to compliance with infection control precautions, strategies for preventing AMR, and 

sources of information about antibiotics. It was based on a multidimensional construct measured using 

a 5-point Likert scales, ranging from 1 = strongly disagree to 5 = strongly agree for both awareness and 

the SEM study. Overall, structured and semi-structured self-administered questionnaires, along with 

data abstraction checklists, were utilized to collect data from health professionals, hospitals, and 

records regarding antibiotic consumption, use, costs, AMR, and bacterial infections. 

3.2.7. Data collection process 

The data collection tools were developed to achieve the objectives of the study. Data was collected by 

health professionals, preferably pharmacists, after an orientation session. A self-administered, 

structured questionnaire was distributed to all health professionals and collected once completed. For 

the SEM study, only physicians who had been practicing for at least one year after graduation 

participated and filled the self-administered questionnaire. For the hospital readiness analysis, an 

interview-based approach was employed alongside a document review for basic information. Multiple 

individuals (e.g., medical directors, CEOs, human resource directors, and pharmacy directors) were 

approached to secure sufficient information. However, for collecting data on the core elements of 

hospital ASPs, a single respondent (either the medical director, leader of ASP or secretory) filled out 

the form. 

Retrospective data from EPSS, APHI, and hospitals on antibiotic consumption, use, AMR and 

infectious diseases, were extracted from available databases and sorted. Overall, the data collection 

process followed a series of steps, from tool development to the actual data collection. Finally, 

antibiotics were classified based on the WHO AWaRe classification, admission and mortality from 

bacterial infections were identified and categorized into syndromes, and the outcomes for each data set 

(e.g., aggregate or Likert scale) were determined and analyzed to meet the study objectives.  

3.2.8. Outcome assessment  

The outcomes for antibiotic consumption were determined based on the literature [17, 125-128, 142, 

143]. Antibiotic consumption was extracted and categorized according to the Anatomic and therapeutic 



 

47 
 

classification system and expressed in DDD, following WHO’s recommendations [144]. Bacterial 

infections were identified among all causes of admission using the HIMS coding and classified based 

on international classification of disease (ICD-10) [145], standard textbooks [146, 147] and literature 

[5, 6]. Physicians were consulted for input on infectious disease classification. Accordingly, the disease 

burden associated with and attributable to morbidity and mortality for 15 major infectious syndromes 

(pulmonary tract infections, bloodstream infections, diarrheal diseases, tuberculosis, bacterial 

infections of the skin and subcutaneous systems, peritoneal and intra-abdominal infections, meningitis 

and other central nervous system (CNS) infections, endocarditis and other cardiac infections; 

infections of bones, joints, and related organs, typhoid and invasive Salmonella infections, urinary tract 

infections, pyelonephritis, and cystitis, sexually transmitted infections, surgical site infections, and 

other zoonotic bacterial infections), and bacterial infections of unspecified syndromes were classified.  

The DDD metric focuses on population-based parameters and assumes that patients and hospitals are 

homogeneous entities. In this study, DDD per 1,000 inhabitants per days (DIDs), and DDD per 

admissions per day (DIDs) based on catchment population and annual admissions respectively were 

used as the primary outcome measures of antibiotic consumption at EPSS and use in hospitals, 

respectively. Trend analysis and descriptive statistics were used to represent the prevalence of AMR in 

APHI, as well as the prevalence and trends in bacterial-related mortality and admission in hospitals. In 

addition, drugs accounted for 90% of antibiotic consumption (DU90%) and Cost/DDD were also used.  

Antibiotic consumption and use were calculated annually in aggregate for each antibiotic, each 

antibiotic class, and for all antibiotics combined. Additionally, aggregated costs per DDD were used as 

a cost metric for antibiotic consumption. Similarly, AMR was calculated as the percentage of resistant 

organisms tested for each microorganism annually, with trends analyzed for specific antibiotics and 

overall resistance. Morbidity and mortality from bacterial infections were also calculated based on 

annual admissions for trend analysis. 

3.2.9. Study Variables 

3.2.9.1. Dependent variables  

 Admission  and mortality from bacterial infections  

  Trends in antibiotic consumption 

 Trends in antibiotic use 

 Trends in AMR 
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 Antibiotic prescribing behavior  

 Beliefs of health professionals 

 Effect of ASP 

 Status of the ASP 

3.2.9.2. Independent variables  

 Socio-demographic variables (age, sex, service year, Experience, etc.)  

 Attitude, SN, and PBC 

 Knowledge 

 Type and level of hospitals  

 Implementation status of ASP 

 Time   

3.2.10. Data quality control 

To ensure data quality, the data collectors received orientation and guidance from the principal 

investigator. The collected data was reviewed and checked for completeness and consistency before 

processing. The study design, data collection, analysis, interpretation, and report writing were not 

influenced by any external parties and were solely determined by the research team. 

3.2.11. Data processing and analysis 

Before analyzing, the data was coded and entered into SPSS version 21, then cleaned and analyzed. 

Stata/SE 14.0 was used for SEM. SEM assumes that the data follow a multivariate normal distribution 

(multivariate normality), relationships between variables are assumed to be linear and Errors 

(residuals) should not be correlated unless specified (independence of errors). 

Descriptive analysis was conducted for all studies to summarize the basic findings. Linear and 

polynomial trend analyses were applied to assess infectious disease and mortality, antibiotic 

consumption and use, and AMR. Additionally, regression analysis, chi-square (χ²) tests, and ANOVA 

were used to compute and compare variables. Univariable and multivariable regressions were used to 

explore potential relationships between variables. The maximum likelihood technique was employed to 

estimate parameters in the SEM of prescribing behavior. Statistical significance was determined at p < 

0.05. Model fit was assessed using standard fit indices, with recommended thresholds such as P > χ² 

test (P > 0.05), standardized root mean squared residual (SRMR) < 0.09, root mean square error of 
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approximation (RMSEA) < 0.08, Tucker-Lewis index (TLI) > 0.90, comparative fit index (CFI) > 

0.90, and coefficient of determination (CD) ≥ 0.7. Costs of antibiotics were reported as both total and 

average values. he processed data was compiled, organized, and presented using tables and figures, 

depending on the type of data. 
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Table 1: A summary of the research questions, methodology, rationale, and methods 

 

S. No Research questions  Methodology  Rationale  Methods  Analysis methods 

1 What is the trend of morbidity and 

mortality from bacterial infection in 

hospitals? 

Quantitative  

To determine the baseline 

antibiotic consumption 

and AMR in the hospitals  

Retrospective review based 

on data abstraction formats  

Descriptive 

statistics, ANOVA 

and trend analysis 

2 

What is the level of readiness of 

hospitals to implement ASP? 
Quantitative  

To assess the current 

situation of hospitals  

Self-administered cross-

sectional survey based on a 

semi-structured 

questionnaire  

Descriptive 

statistics, X
2
 tests 

3 
What is the trend in antibiotic 

consumption, and AMR? 
Quantitative  

To determine the baseline 

antibiotic consumption 

and AMR  

Retrospective review based 

on data abstraction formats  

Descriptive 

statistics, ANOVA,  

trend analysis 

4 

What is the effect of the knowledge 

and attitudes on physicians antibiotic 

prescribing behavior in hospitals? 

Quantitative  

To measure the effect of 

the knowledge and 

attitudes of physicians on 

antibiotic prescribing 

behavior   

Self-administered cross-

sectional survey based on a 

semi-structured 

questionnaire 

Structural equation 

modeling (SEM) 
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3.2.12. Dissemination of study findings 

The results of the study will be disseminated to the concerned stakeholders and authorities responsible 

for addressing the identified gaps. Additionally, the publication of the findings in peer-reviewed 

journals, as well as presentations at seminars, journal clubs, and conferences, were considered. 

Interventions based on the identified gaps will be considered in the future. 

3.2.13. Ethical consideration 

Ethical approval for the study was obtained from the Ethical Review Board of Addis Ababa 

University, College of Health Sciences, and the School of Pharmacy. During data collection, all 

hospital and patient-related information was kept strictly confidential. Participants were asked to sign a 

consent form attached to the questionnaire. The collected information was used exclusively for 

research purposes and remained confidential. To further ensure confidentiality, participants' identities 

were anonymized throughout the study 

3.2.14. Operational Definitions and Definitions of Terms 

 Antibiogram: An antibiogram is an overall profile of the antibiotic susceptibility testing results of 

a specific microorganism to a battery of antibiotic drugs. 

 Antibiotics: Antibiotics are a drugs used in the treatment and prevention of bacterial infections. 

 Antimicrobial resistance: the ability of microorganisms to resist the effects of an antibiotic to 

which they were once sensitive 

 Antibiotic stewardship Program: Used to refer only antibacterial drugs excluding anti-parasitic, 

antiviral, and antifungal drugs. 

 Attitude: The degree to which a participant has a positive or negative evaluation of indiscriminate 

antibiotic use.   

 Behavioral intentions intention to prescribe: estimate the degree to which a prescriber is willing 

to prescribe antibiotics. 

 Behavior: self-reported antibiotic prescribing behavior. 

 Clinical outcomes: These are the medical events that occur during management (e.g., Safety, and 

efficacy endpoints). 
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 De-escalation: Antibiotic de-escalation is defined as changing the empiric antibiotic regimen to a 

culture-directed single agent with a narrower spectrum than the original empiric regimen upon 

identification of the causative organisms.  

 Dose Optimization: It involves ―optimization of antibiotic dosing based on patient characteristics 

(e.g., weight, renal/liver function), causative organism, site of infection (e.g., central nervous 

system, blood), and pharmacokinetic and pharmacodynamic characteristics of the drug (e.g., 

concentration or time-dependent activity). 

 DOT: denotes the number of days that a patient is on each antibiotic, regardless of dose, based on 

the underlying assumption that antibiotic dosing is appropriate. DOT is the sum of days of therapy 

for each antibiotic within a given day the patient received any antibiotic. 

 Empiric therapy: treating symptoms or signs of infection. 

 Formulary restriction: this is a method of limiting access to some selected medication prescribed 

by specific practitioners. Hence, prescriptions for selected medicines require preapproval by 

responsible body before dispensing.  

 Hospital associated infectious: A hospital-acquired infection, also known as a nosocomial 

infection, is an infection that is acquired in a hospital or other healthcare facility or any infection 

developed after 3 days of admission to the health facility.  

 Knowledge: participants understanding and awareness regarding indiscriminate 

antibiotic use and AMR. 

 Length of therapy:  The actual length of the antibiotic treatment period for a patient, irrespective 

of how many antibiotics were prescribed per day.  

 Morbidity: Morbidity in this study shall mean admissions due to bacterial infections  

 Pediatrics: in this study was used to denote population groups’ ≤15 years old.  

 Perceived Behavioral Control: a participant’s beliefs regarding the ease or difficulty of making a 

rational decision on antibiotic prescriptions 

 Prophylaxis: preventing infections when patients are asymptomatic or when the antibiotics were 

used for the perioperative phase. 

 Subjective norm: participant’s belief about whether significant others would approve or 

disapprove of an indiscriminate use of antibiotic.  
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CHAPTER FOUR: KEY FINDINGS AND DISCUSSION 

4.1. Key findings 

Introduction  

The study assesses the status and effect of ASP on antibiotic consumption in hospitals, antibiotic 

prescribing behaviors, and trends in and mortality from bacterial infections in hospitals in Amhara 

region, in northwest Ethiopia. To gain a clear understanding of AMR and antibiotic consumption 

within the catchment population of the hospitals, AMR data from APHI and antibiotic consumption 

from EPSS are particularly focused on, as these two institutions serve as the primary regional facilities 

for antibiotic sensitivity testing and antibiotic distribution, respectively. This chapter presents the 

characteristics of study participants and the key findings of the assessment. Except for review article, 

the main findings of the study were summarized, followed by a general result description, discussion 

of key findings, and suggestions for future research. Additionally, it discussed the strengths and 

limitations of the study, drew conclusions, and made recommendations. The detailed description of 

results is available at the list of manuscripts and papers part (I-VI). 

4.1.1. Morbidity and Mortality from Bacterial infections 

Over the past 5 years, there were approximately 197,576 hospital admissions and 13,051 (6.7%) 

mortalities, of which 39,666 (20.1%) admissions were due to bacterial-related infections. Among these, 

23,154 (58.4%) were male, and 13,875 (35.0%) were children under 1 year old, followed by 9,322 

(23.5%) aged 30-64 years, and 7,591 (19.1%) aged 15-29 years.  

The prevalence of morbidity and mortality from bacterial infections accounted for 39,666 (20.1%) of 

all hospital admissions and 2,763 (21.2%) of all-cause mortalities in the hospitals, respectively. The 

majority of the infections were from FHCSH, 15337 (38.7%), and from IGH, 8851 (22.0%), followed 

by 7923 (20%) from TGSH, and 6970 (17.6%) from FSGH. Where, the majority of mortalities were 

from FHCSH, 1644 (59.5%), and DMCSH, 585 (21.2%), followed by 212 (7.7%), 158 (5.7%), and 

164 (6%) from TGSH, FSGH, and IGH, respectively. 

Overall, bacterial infections in hospitals increased from 33.5% in 2018/19 to 37.5% in 2021/22 

following a second degree polynomial equation as a function of y = -748.79x
2
 + 7018.4x - 5438.2 (R² 

= 0.9916) (Figure 6A). On the other hand, the prevalence of mortality among bacterial infections was 

7.0% and decreasing from time to time. The mortality rate declined from 21.9% in 2017/18 to 4.4% in 

2021/22, as a function of y = 1.5167x
2
 - 13.002x + 32.363 R² = 0.9494) (Figure 6B). 
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                      A. Morbidity  

 
                                        B. Mortality  

Figure 6. Trends in morbidity and mortality (July 2017- June 2022) from bacterial infections, in 

hospitals in Northwest Ethiopia. 

Sepsis or septic shock 11,845 (29.9%), pulmonary tract infections 10,236 (25.8%), and intra-

abdominal infections and abscesses 6,257 (15.8%), were the most common bacterial infectious 

syndromes (Table 2). The most frequent specific bacterial infections were sepsis, with 11,121 cases 

(28.0%), and pneumonia, with 9,882 cases (24.9%), followed by appendicitis, with 4,202 cases 

(10.6%), and meningitis, with 2,916 cases (7.4%). 

Table 2. The most common infectious syndromes (July 2017 to June 2022), in hospitals in Northwest 

Ethiopia, (N = 39,666). 

Bacterial Infectious Syndromes Frequency (%) 

Sepsis/septic shock 11,845 (29.9) 

Pulmonary tract infection 10,236 (25.8) 

Intra-abdominal infections and abscess 6257 (15.8) 

CNS infections 3275 (8.3) 

Infections of skin, muscles, and soft tissues 1713 (4.3) 

Endocarditis and other cardiac infections 1430 (3.6) 

Eye, ear, nose, throat, or mouth infection 1235 (3.1) 

Tuberculosis 1214 (3.1) 

Infections of bones, joints, and related organs 767 (1.9) 

Genitourinary tract infections 687 (1.7) 

Surgical site infections 631 (1.6) 

Sexually transmitted diseases 238 (0.6) 

Zoonotic bacterial infections 95 (0.24) 

Typhoid/Salmonella typhi infections 80 (0.2) 

Other bacterial infections not specified 1250 (3.2) 

Total 39,666 (100) 
CNS: central nervous system infections 
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About 1,248 (45.2%) mortalities were due to bloodstream infections, followed by pulmonary tract 

infections 589 (21.3%), CNS infections 417 (15.1%), tuberculosis 194 (7.0%), and intra-abdominal 

infections and abscesses 109 (3.9%), among others. The most common causes of mortality from 

bacterial infections were sepsis 908 (32.9%), pneumonia 576 (20.8%), and septic shock 340 (12.3%). 

Linear regression analysis, revealed significantly associated with patient age and gender (p-values of 

0.0001 and 0.011, respectively) with number of bacterial related morbidity, where 1-year-old children 

and females being at higher risk for bacterial infections. However, only age (p-value = 0.000) was 

significantly associated with mortality, with children younger than 1 year being at higher risk of 

mortality from bacterial infections (Manuscript I).  

4.1.2. Antibiotic consumption at EPSS 

Based on data from EPSS, total antibiotic consumption over the six-year period from 2016/17 to 

2021/22 was 30.3 DIDs, averaging 5.3 DIDs annually. During this time, overall antibiotic 

consumption decreased by 87.4% (from 6.9 in 2016/17 to 0.9 DIDs in 2021/22) following a 

second degree polynomial equation as a function of y = -0.5911x
2
 + 2376.6x - 2E+06 (R² = 

0.8634), (Figure 7). 

 

Figure 7: Trends of antibiotic consumption at EPSS Bahir Dar Branch during 6 years period 

(July 2016- June 2022) 

At EPSS, he most frequently used antibiotic classes were beta-lactams and penicillins (J01C), 

with a consumption of 14.9 DIDs, followed by tetracyclines (J01A) 5.3 DIDs, and quinolones 

(J01M) 4.1 DIDs. According to the WHO AWaRe classification, antibiotics categorized under 

Access accounted for 23.4 DIDs (77.1%) of the total consumption at EPSS, while those in the 

6.9 6.6 

8.1 
7.7 

2.3 

0.8 
y = -0.5911x2 + 2376.6x - 2E+06 

R² = 0.8634 
0

2

4

6

8

10

2009 2010 2011 2012 2013 2014

D
ID

s 

Years 



 

56 
 

Watch category comprised 6.9 DIDs (22.9%). The trend in antibiotic consumption across all 

categories was decreasing over years (Figure 8). 

 
Figure 8: Consumption of systemic antibiotics (July 2019 – June 2022), at EPSS and in the 

hospitals, in Northwest Ethiopia 

At EPSS, seven antibiotics made up the DU90%, with amoxicillin (10.1 DIDs), doxycycline (5.3 

DIDs), ciprofloxacin (3.4 DIDs), and cloxacillin (3.1 DIDs) being the most commonly 

consumed. The total expenditure on antibiotics was approximately $7,281,680.91 (385,200,920 

Ethiopian birr), with 74.4% of the costs attributed to Access category antibiotics and 62.7% to 

purchase DU90%. The total cost per total DDD of antibiotics was 3 birr (Article II). 

4.1.3. Antibiotic consumption in hospitals  

Antibiotic consumption in hospitals was 296.2 DIDs (average 98.7 DIDs per year). In hospital 

antibiotic consumption over a three-year period (2019/20 to 2021/22) showed an 11.4% 

reduction, falling from 96.2 to 85.2 DIDs, following y = -23.95x² + 90.382x + 29.72 (R² = 1) 

(see Figure 9). The consumption patterns varied among hospitals which do have active ASP and 

those which interrupted the committees signifying the positive effect of ASP on antibiotic 

consumption (Figure 10). 
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 Figure 9: Trends of antibiotic consumption in during 3 years period, 2020- 2022 

 

Figure 10: consumption of systemic antibiotics (July 2019 – June 2022), in the hospitals, in 

Northwest Ethiopia 

The most frequently consumed antibiotic class in hospitals was beta-lactam antibacterials (J01D), 

accounting for 135.1 DIDs (45.6%). This was followed by beta-lactam antibacterials, penicillins 

(J01C) 56.8 DIDs (18.5%), and sulfonamides and trimethoprim (J01E) 40.5 DIDs (13.7%). According 

to the WHO AWaRe classification, 145.3 DIDs (49.1%) of antibiotics consumed in hospitals belonged 

to the Access category, 150.7 DIDs (51.6%) were in the Watch category, and 0.49 DIDs (0.2%) fell 

under the Reserve category. While the consumption of Watch antibiotics showed a downward trend, 

the consumption of Access category antibiotics was increasing (see Figure 11). 
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 Figure 11: Consumption of systemic antibiotics (2021 – 2022), in the hospitals, in Northwest 

Ethiopia 

In hospitals, ceftriaxone, TXS, cephalexin, amoxicillin, amoxicillin-clavulanate, cefuroxime, 

ciprofloxacin, doxycycline, cloxacillin, azithromycin, and metronidazole consumption 

constituted the DU90% in increasing order of frequency. Overall, the cost expenditure for 

antibiotics consumed in hospitals was $1,100,101.48 (60,054,539.9 Ethiopian birr). The cost 

expenditure accounted for 60.0% of the total for Watch antibiotics, 40.0% for DU90% and 

65.2% for parenteral antibiotics (35% consumed) in hospitals; the cost of antibiotics consumed 

was 6 birr per DDD in hospitals (Manuscript III).  

4.1.4. Trends in AMR  

Between 2016 and 2021, a total of 25,143 bacterial isolates were obtained from the APHI recorded 

based on AMR testing. Most of the samples were collected from male patients (13,376; 53.2%) and 

children under the age of 15 (11,985; 47.6%). Blood (11,785; 46.9%) and urine (6,354; 25.3%) were 

the most commonly collected specimen types (see Table 5). 

Table 5: Distribution of samples by different variables (2016-2021), APHI, Amhara Region, Ethiopia 

(N=25143):   

Variables Frequency (%) 

Sex Male 13376 (53.2) 

Female 11767 (46.8) 

Age  <15 years 11985 (47.6) 

15-64 years 11205 (44.6) 

>=65 years 1347 (5.4) 

Not recorded 606 (2.4) 

Facility Public facility 19194 (76.3) 
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Private facility 4867 (19.4) 

Not known 1083 (4.3) 

           Total  25143 (100) 

Residence  

  

Bahir Dar city  23719 (98.6) 

Awi Zone  176 (0.7) 

South Gondar Zone 111 (0.5) 

West Gojjam Zone  50 (0.2) 

Gondar City  4 (0.02) 

Not specified 1083 (4.3) 

Total 25143(100) 

Source of sample  Blood  11785(46.87%) 

Urine 6354(25.27%) 

Swabs 1993(7.9%) 

Stool 1620(6.4) 

Discharges 436(1.7) 

Body effusions 401 (1.6) 

Sputum 200(0.8%) 

Among the bacterial isolates, gram-negative organisms were predominant, accounting for 74.5% 

(12,528) of the total. The most frequently identified species included Klebsiella pneumoniae (30.2%), 

Escherichia coli (25.5%), Acinetobacter baumannii (11.5%), Enterobacter species (10.6%), and 

Pseudomonas aeruginosa (7.1%). In contrast, gram-positive bacteria made up 25.5% (4,297) of the 

isolates, with coagulase-negative Staphylococcus species (40.1%), Staphylococcus aureus (30.1%), 

and Enterococcus species (18.9%) being the most frequently detected. 

At APHI, the overall AMR was 2,738 cases, representing 59.9% of all bacterial isolates. Of these, 

gram-negative bacteria accounted for 1,807 (66.0%), while gram-positive bacteria made up 931 

(34.0%). Resistance was observed in 2,083 (64.6%) of the gram-negative isolates and 931 (54.0%) of 

the gram-positive ones. The leading gram-negative organisms contributing to resistance included 

Klebsiella pneumoniae (743 cases; 80.2%), Enterobacter cloacae (196 cases; 74.8%), Morganella 

species (14 cases; 70%), Acinetobacter baumannii (213 cases; 66.6%), and Escherichia coli (431 

cases; 51.0%). Among gram-positive bacteria, the most resistant species were CoNS with 406 cases 

(58.0%), Streptococcus species with 34 cases (50.0%), and Staphylococcus aureus with 196 cases 

(37.0%) (Figure 12). 
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*Others: Salmonella choleraesuis, Bacillus, Moraxella catarrhalis, unidentified  

 Figure 12: Overall prevalence of AMR (2016-2021), APHI, Amhara Region, Ethiopia 

The prevalence of AMR showed a sharp rise from 0 cases among 81 samples tested in 2016 to 6,579 

cases (64.8%) by 2019. However, there was a slight decrease in 2021, with 2,339 cases (56.9%). The 

trend of AMR over time followed a quadratic pattern, forming a downward-opening parabola. The 

peak of this curve was approximately at year 4.4 with a resistance rate of 66.9%. The relationship was 

best described by the quadratic equation y = -5.3247x² + 46.768x - 36.069, with a strong goodness of 

fit (R² = 0.94) (Figure 13). 

 

Figure 13: Trends in AMR (2016-2021), APHI, Amhara Region, Ethiopia 
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A. baumannii resistance to ceftriaxone was 31 (100%), followed by SXT 37(97.4%), tobramycin 25 

(96.2%), tetracycline 18 (94.8%), ciprofloxacin 30 (90.9%), gentamicin 28 (82.4%); CoNS resistance 

was ciprofloxacin 58 (89.2%), clindamycin 30 (100%), SXT 88 (100%), erythromycin 84 (100%), 

gentamicin 34 (100%), oxacillin 24 (100%), and tetracycline 50 (96.2%); Enterobacter spp. to 

ampicillin 14 (100%), amoxicillin-clavulanate 33 (9.7%), ceftriaxone 31 (100%), ciprofloxacin 29 

(100%), SXT, 40 (100%), gentamicin 236 (79.4%), tetracycline 16 (100%),  tobramycin 22 (95.7%); 

E. coli to ampicillin 29 (100%), amoxicillin-clavulanate 49 (92.5%), ceftriaxone 39 (92.9%), 

ciprofloxacin 64 (100%), SXT 79 (100%), tetracycline 41 (100%) and tobramycin 33 (97.1%); K. 

pneumonia resistance to ceftriaxone 95 (100%), ciprofloxacin 91 (100%), ampicillin 38 (100%), and 

amoxicillin-clavulanate 73 (92.4%) ; SXT 125 (100%), tetracycline 53 (96.4%), gentamicin 115 

(95%), and tobramycin 82 (91.1%); S. aureus to erythromycin 41 (100%), SXT 39 (100%), gentamicin 

20 (100%), and tetracycline 29 (93.5%). MDR bacteria accounted for 571 (20.9%) total resistant 

strains.  

MDR bacterial isolates constituted 571 cases (20.9%), with 378 (18.1%) from gram-negative and 193 

(20.9%) from gram-positive bacteria. The most frequently identified MDR organisms included 

coagulase-negative Staphylococci 98 (50.0%), Klebsiella pneumoniae 133 (35.2%), Staphylococcus 

aureus 46 (23.6%), Escherichia coli 86 (22.8%), Enterococcus species 27 (14.2%), Acinetobacter 

baumannii 39 (10.3%), and Enterobacter cloacae 37 (9.8%). Resistance patterns across most 

antibiotics remained relatively consistent over the years. However, there was a steady increase in 

resistance among key pathogens, including ampicillin-resistant E. coli, augmentin-resistant 

Acinetobacter, ceftazidime-resistant E. coli, ceftriaxone-resistant Klebsiella, and ciprofloxacin-

resistant Klebsiella. Furthermore, multivariate binary logistic regression analysis revealed significant 

associations between antibiotic resistance and patient age (p = 0.004), gender (p = 0.002), and type of 

healthcare facility (p < 0.001) (article IV). 

4.1.5. Antibiotic prescribing behavior of physicians  

Out of 200 questionnaires distributed to physicians at the OPD, 185 (92.5%) were returned. Among the 

respondents, 153 (82.7%) were male, with an average age of 30.3 ± 3.9 years. Notably, 49 (80.5%) of 

the physicians had served less than 5 years in their current position. The mean knowledge score among 

physicians was 4.9 ± 1.6 (Table 3). 
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Table 3: Characteristics of physician respondents in OPDs in hospital, 2022, (N=185) 

Variables Frequency (%) 

Sex Male  153(82.7) 

Female  32 (17.3) 

Age  <=30 116 (62.7) 

>30 69 (37.3) 

Professional title  GPs 93 (50.2) 

Residents 92 ((49.8) 

Facility  FHRH 43 (23.2) 

TGSH 87 (47.0) 

DMRH 31(16.8) 

IGH 24 (13) 

Practice area Medical 36 (19.5) 

Surgery 40 (21.6) 

Pediatrics 48 (25.9) 

Gyne/obs 55 (29.9) 

Others 6 (3.2) 

Service in the current hospital <5 years 172 (93) 

>=5 years 13 (7) 

Overall service in current position  <5 years 149 (80.5) 

>=5 years 36 (19.5) 

Training on antibiotic use No   159 (85.9) 

Yes   26 (14.1) 

Average number of patients seen per week  97.5±79.7 

Average number of patients received antibiotics 

per week 

54.8% of total seen 60.1±53.5  

Among the participating physicians, 121 (65.4%) demonstrated a good level of knowledge (those who 

answered ≥5 out of 11)—while 64 (34.6%) showed poor knowledge. The average score for attitude-

related items was 2.3 ± 0.4. Concerning subjective norms and perceived behavioral control related to 

antibiotic prescribing, the mean scores were 4.27 ± 0.76 and 4.0 ± 1.1, respectively. Regarding 

intentions, the average score for reducing antibiotic use was 2.4 ± 0.9, while the intention to prescribe 

antibiotics had a mean score of 2.5 ± 0.8. In terms of perceived prescribing behavior, it was estimated 

that 54.8% of patients seen in OPDs (average 60.1 ± 53.5 patients per week) received at least one 

antibiotic.  About 178 physicians (96.2%) reported prescribing antibiotics to at least one out of every 

10 such patients diagnosed with URTIs, with an average of 5.9 ± 2.2 patients per physician. Overall, 

antibiotics were perceived to be prescribed to 916 patients, accounting for 49.5% of total cases. 

The coefficient of determination (R²) indicated that 94.6% of the variance in antibiotic prescribing 

behavior was accounted for by the exogenous variables in the model. The MTPB model showed a 
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good fit to the data, evidenced by a log likelihood value of -6951.79, a RMSEA of 0.049 (below the 

0.08 threshold), and SRMR of 0.07 (well under 0.9). Additionally, the CFI was 0.91 and the TLI was 

0.901, both exceeding the acceptable cutoff of 0.90. The model was saturated, with a chi-square value 

of 445.17 across 587 degrees of freedom, and a corresponding p-value less than 0.001 (see Table 4). 

 Table 4: The model goodness of fit indexes for antibiotic prescribing behaviors of Physicians at 

OPDs, 2022 (N=185) 

Fit statistics Value Description Standard 

Likelihood ratio  

 χ
2
_ms (314) 445.17 Model versus saturated — 

P>χ
2
 0.0001  — 

χ
2
_bs (348) 1878.87 Baseline versus saturated — 

P>χ
2
 0.0001  — 

Information criteria  

  AIC 14075.59    Akaike information criterion  

 BIC 14352.54    Bayesian information criterion  

Population error 

 RMSEA 0.049 Root mean squared error of 

approximation 

0.08 

90% CI 0.038-0.058  — 

Pclose 0.581 Probability of RMSEA ≤0.05 — 

Size of residuals 

 SRMR 0.071 Standardized root mean squared 

residual 

<0.09 

CD 0.946 Coefficient of determination — 

Baseline comparison 

 CFI 0.910 comparative fit index ≥0.90 

TLI 0.901 Tucker-Lewis index ≥0.90 

The SEM confirmed the theoretical framework for physicians' antibiotic prescribing behaviors, albeit 

with some modifications. The MTPB model indicated that only physicians' knowledge was associated 

with PBC and SN, with a significant negative covariance between SN and PBC (P = 0.000). Neither 

attitude, SN, nor PBC was found to be associated with the intention to prescribe or reduce antibiotics 

(P ≥ 0.05). Furthermore, perceived antibiotic prescriptions in OPDs and for URTIs did not correlate 

with the intention to prescribe or reduce antibiotics (P ≥ 0.05).  

The SEM analysis supported the proposed theoretical framework of physicians’ antibiotic prescribing 

behaviors, although some adjustments were necessary. According to the MTPB model, physicians’ 
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knowledge was the only factor significantly linked to PBC and SN, with a notable negative correlation 

between SN and PBC (P = 0.000). However, attitudes, SN, and PBC did not show any significant 

relationship with the intention to either prescribe or reduce antibiotic use (P ≥ 0.05). Additionally, the 

perceived antibiotic prescribing practices in OPDs and for URTIs were not significantly associated 

with intentions to prescribe or reduce antibiotics (P ≥ 0.05). 

Physicians’ age (P = 0.004) and professional level (P = 0.023) significantly predicted their perceived 

antibiotic prescribing for URTIs. Additionally, age (P = 0.001), sex (P = 0.031), and professional level 

(P = 0.018) were significant predictors of perceived antibiotic prescribing during weekly OPD visits. 

Physicians’ knowledge had a direct positive effect on both SN (P = 0.000) and PBC (P = 0.000). 

However, no indirect associations were found between perceived prescribing behaviors and 

knowledge, attitude, SN, or PBC (see Table 5) (Article VI). 

Table 5: Effects of direct and indirect of intention to prescribe antibiotics on antibiotic prescribing 

behavior in hospitals in 2022, (N=181). 

Factors Effects of covariates on each other 

Β SE P value 

Subjective norms 

 Knowledge 1.5 0.49 <.001 

Perceived behavioural control 

 Knowledge –2.2 0.43 <.001 

Intention to reduce antibiotic prescriptions 

 Attitude 0.07 0.20 .42 

Subjective norms 0.10 0.20 .45 

Perceived behavioural 

control 

0.14 0.21 .53 

Intention to prescribe antibiotics 

 Attitude 0.01 0.89 .91 

 Subjective norms –0.05 0.93 .83 

 Perceived behavioural 

control 

–0.42 0.89 .79 

Proportion of patients from 10 who were estimated to be prescribed antibiotics for a URTI
a
 

 Facility 3.09 1.84 .09 

Age  1.59 0.37 .004 

Sex 5.19 4.09 .20 

Work area 0.17 1.56 .91 

Professional level 8.34 3.24 .03 

Length of employment 

in the current hospital 

0.36 1.64 .83 

Overall length of –0.31 1.31 .81 
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employment in the 

current position 

Training  3.68 4.28 .39 

ITRABx
b
 1.58 2.69 .54 

ITPABx
c
 Constrained Constrained Constrained 

Proportion of weekly visits during which physicians estimated they would prescribe 

antibiotics 

 Facility 1.19 2.31 .61 

Age  1.11 0.46 .001 

Sex 10.64 5.16 .03 

Work area –2.83 1.97 .15 

Professional level 5.77 4.08 .02 

Length of 

employment in the 

current hospital 

1.97 2.07 .34 

Overall length of 

employment in the 

current position 

–1.03 1.65 .53 

Training  –8.13 5.39 .13 

ITRABx 2.36 3.38 .39 

ITPABx 0.65  0.78 .41 

a
URTI: upper respiratory tract infection; 

b
ITRABx: intention to reduce antibioitcs; 

c
ITPABx: intention to prescribe 

antibiotics.  

4.1.6. Situational analysis of ASP implementation in hospitals  

Among the 200 questionnaires distributed to determine the perceptions of health professionals on 

AMR, antibiotic use, and ASP, 181 (90.5%) returned the questionnaire About 106 (58.6%) were 

physicians, and 41.4% were pharmacists. About 122 (75.8%) of professionals were more than 29 years 

old (32 ± 4.3), and 124 (77.0%) were male (Table 6).  

Out of 200 questionnaires distributed to assess health professionals’ perceptions of AMR, antibiotic 

use, and ASP, 181 (90.5%) were returned. Among the respondents, 106 (58.6%) were physicians, 

while 41.4% were pharmacists. The majority of professionals, 122 (75.8%), were older than 29 years, 

with a mean age of 32 ± 4.3 years. About, 124 (77.0%) of the respondents were male (Table 6). 

Table 6: Socio-demographic characteristics of health professionals in the hospitals, in 2022, (N=181) 

 Variables Frequency (%) 

Age in years 18-29   46 (25.4) 

30-64   135 (74.6) 

Total 181 (100) 

Sex Male 138 (76.2) 
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Female 43 (23.8) 

Total 181 (100) 

Facility FHRH 46 (25.4) 

TGSH 68 (37.6) 

DMCSH 31 (17.1) 

IGH 16 (8.8) 

FSGH 20 (11) 

Total 181 (100) 

Work area Medicine 29 (16) 

Surgery 29 (16) 

Pediatrics 28 (15.5) 

Gyne/obs 20 (11) 

Pharmacy 75 (41.4) 

Total 181 (100) 

Position/profession Physician 106 (58.6) 

Pharmacy 75 (41.4) 

Total 181 (100) 

Work experience in the current hospital 

Overall 3.7±2.3 

<5 years 137 (75.7) 

>=5 years 44 (24.3) 

Total 181 (100) 

Work experience in the current position 

Overall 4.5±4.1 

<5 years 123 (68) 

>=5 years 58 (32) 

Total 181 (100) 

Average number patients treated/dispensed per week 34997 254±198  

Average number patients treated or dispensed with at 

least one antibiotic per week among visits 

23415(66.9%) 204±135 

 

When assessing health professionals' views on AMR, 163 (90.1%) recognized AMR as a major issue 

in Ethiopia, and 161 (89.0%) acknowledged its global significance. In contrast, only 53 (29.3%) and 52 

(28.7%) agreed that more than 30% of MRSA cases and gram-negative infections, respectively, in 

their hospital exhibit high drug resistance. Additionally, 128 (70.7%) considered AMR a serious 

concern within their hospital, and 109 (60.2%) reported that AMR affects their everyday clinical 

practice (Figure 14). 
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 Figure 14: Belief on scope of AMR among health professionals in hospitals, 2022, (N=181) 

Regarding factors contributing to AMR, 155 (85.6%) of health professionals agreed that easy access to 

antibiotics plays a major role, and 137 (75.7%) identified inappropriate antibiotic use as a significant 

contributor. Additionally, 119 (65.7%) believed that insufficient diagnostic testing in their hospital 

leads to antibiotic overuse. About 126 (69.6%) felt that patient cost considerations influence their 

antibiotic selection, while 111 (61.3%) reported that antibiotic availability, rather than local 

antibiogram data or the underlying cause of infection, often guides their choice of antibiotics (Table 7). 

 Table 7: Beliefs on factors contributing to antibiotic resistance among health professionals in 

hospitals, 2022, (N=181) 

Statements  

Frequency (%) of responses on each statement 

Strongly 

Agree 

Agree Neutral Disagree Strongly 

Disagree 

NA 

Beliefs on factors contributing to antibiotic resistance in the hospitals 

Improper antibiotic use is a key driver of 

resistance in this hospital. 

76(42) 61(33.7) 29(16) 10(5.5) 4(2.2) 1(0.6) 

Easy, prescription-free access to antibiotics drives 

resistance in Ethiopia. 

112(61.9) 43(23.8) 10(5.5) 6(3.3) 9(5) 1(0.6) 

Broad-spectrum antibiotic use is linked to resistance in 

this hospital. 

50(27.6) 54(29.8) 46(25.4) 13(7.2) 16(8.8) 2(1.1) 

The hospital performs adequate surveillance for drug-
resistant organisms. 

5(2.8) 14(7.7) 31(17.1) 60(33.1) 67(37) 4(2.2) 

Lack of diagnostic tests leads to antibiotic overuse. 63(34.8) 56(30.9 30(16.6) 19(10.5) 11(6.1) 2(2.2) 

Staff receive proper education on antibiotic use and 

resistance. 

12(6.6) 11(6.1) 33(18.2) 62(34.3) 61(33.7) 2(2.2) 

Some antibiotics may be low quality and ineffective. 10(5.5) 17(9.4) 50(27.6) 60(33.1) 41(22.7) 3(1.7) 
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Irregular antibiotic supply causes therapy interruptions, 

increasing resistance. 

28(15.5) 62(34.3) 50(27.6) 27(14.9) 13(7.2) 1(0.6) 

Poor clinical follow-up during treatment contributes to 

resistance. 

38(21) 67(37) 40(22.1) 26(14.4) 8(4.4) 2(1.1) 

Patient demands lead to antibiotic overuse. 20(11) 48(26.5) 58(32) 33(18.2) 20(11) 2(1.1) 

Poor infection control spreads resistance. 30(16.6) 75(41.4) 39(21.5) 27(14.9) 9(5) 1(0.6) 

Hand hygiene compliance is acceptable. 23(12.7) 41(22.7) 48(26.5) 44(24.3) 25(13.8) 

 Cleaning protocols for rooms and equipment after 

resistant cases are followed. 

11(6.1) 27(14.9) 49(27.1) 51(28.2) 39(21.5) 4(2.2) 

NA: not applicable 

Regarding antibiotic prescribing and dispensing practices, 57.5% of health professionals reported 

routinely switching intravenous antibiotics to oral forms after about three days. However, 55.8% often 

prescribe broad-spectrum antibiotics empirically due to delayed microbiology lab results. Additionally, 

44.8% of physicians do not regularly consider local antibiotic susceptibility patterns, 47.5% do not 

routinely review lab results when prescribing, and 46.4% believe lab results are not communicated 

promptly (Table 8). 

Table 8: Believe on antibiotics prescription/dispensing practices among health professionals in 

hospitals, 2022, (N=181) 

Statements  

Frequency (%) of responses on each statement  
Strongly 

Agree 

Agree Neutral Disagree Strongly 

Disagree 

NA 

Antibiotics prescription/dispensing practices 

Antibiotic choice often influenced by availability, 
not local antibiograms or infection cause. 

39(21.5) 72(39.8) 33(18.2) 18(9.9) 18(9.9) 1(0.6) 

Patient costs affect antibiotic selection. 41(22.7) 83(45.9) 26(14.4) 12(6.6) 17(9.4) 2(1.1) 

Microbiology results are timely communicated. 9(5) 32(17.7) 43(23.8) 41(22.7) 43(23.8) 13(7.2) 

Regularly consider susceptibility patterns when 

prescribing. 

5(2.8) 39(21.5) 46(25.4) 44(24.3) 37(20.4) 10(5.5) 

Step down IV to oral antibiotics when appropriate 
after 3 days. 

33(18.2) 71(39.2) 38(21) 28(15.5) 11(6.1) 

0 

Switch broad- to narrow-spectrum antibiotics 

when appropriate after 3 days. 

24(13.3) 44(24.3) 50(27.6) 40(22.1) 22(12.2) 1(0.6) 

Restrictions may limit quality of care. 19(10.5) 60(33.1) 38(21) 42(23.2) 22(12.2) 
0 

Empirically prescribe broad-spectrum antibiotics 
due to suspected resistance or delayed lab results.  

12(6.6) 44(24.3) 43(23.8) 49(27.1) 28(15.5) 5(2.8) 

Routinely check microbiology results to guide 
treatment. 

46(25.4) 55(30.4) 18(9.9) 39(21.5) 17(9.4) 6(3.3) 

In the past week, prescribed broad-spectrum 

antibiotics >3 days for varying patient percentages 
(<10%, 10–50%, >50%). 

10(5.5) 40(22.1) 35(19.3) 47(26) 39(21.5) 10(5.5) 
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 Antibiotic choice often influenced by availability, 

not local antibiograms or infection cause. 

13(7.2) 38(21) 50(27.6) 44(24.3) 26(14.4) 10(5.5) 

Patient costs affect antibiotic selection. 14(7.7) 38(21) 47(26) 45(24.9) 24(13.2) 13(7.2) 

Microbiology results are timely communicated. 16(8.8) 36(19.9) 43(23.8) 47(26) 26(14.4) 13(7.2) 

More than half (51.4%) of health professionals hold a positive view of ASP in hospitals. Around 

73.5% agree that ASP helps reduce hospital stay length and costs and improves patient care quality. 

However, only 16.0% see ASPs as a barrier to good care, and 22.2% think that only prescribing 

doctors need to understand ASPs (Table 9). 

Table 9: Perception on implementation of ASP among health professionals in hospitals, 2022, (N=181) 

Statements  

Frequency (%) of responses on each statement 

Strongly 

Agree 

Agree Neutral Disagree Strongly 

Disagree 

NA 

Perception on Implementation of ASP 

ASPs (ASP) improve quality of patient care 70(38.7) 63(34.8) 29(16) 2(1.1) 7(3.9) 10(5.5) 

ASP reduces overall antibiotic consumption and can result 

in cost savings 

61(33.7) 68(37.6) 31(17.1) 10(5.5) 5(2.8) 6(3.3) 

ASP reduces duration of hospital stay and associated costs 52(28.7) 85(47) 19(10.5) 13(7.2) 7(3.9) 5(2.8) 

ASP reduce the problem of antibiotic resistance 61(33.7) 65(35.9) 29(16) 13(7.2) 7(3.9) 6(3.3) 

ASP has impact on an institution’s nosocomial infection 

rates 

39(21.5) 79(43.6) 41(22.7) 9(5) 6(3.3) 7(3.9) 

This hospital has the capacity to establish and implement 

an effective ASP 

35(19.3) 58(32) 47(26) 24(13.3) 11(6.1) 6(3.3) 

My individual efforts in antibiotic stewardship can 

significantly impact this hospital’s antibiotic resistance 

problem 

37(20.4) 68(37.6) 46(25.4) 19(10.5) 7(3.9) 4(2.2) 

I would like to receive more feedback on my antibiotic 

selection 

37(20.4) 84(46.4) 31(17.1) 20(11) 4(2.2) 5(2.8) 

ASPs can be an obstacle to good patient care 12(6.6) 17(9.4) 38(21) 60(33.1) 51(28.2) 3(1.7) 

ASPs override prescribers’ decision autonomy 10(5.5) 27(14.9) 57(31.5) 56(30.9) 27(14.9) 4(2.2) 

I do not have enough time to further invest into ASP 7(3.9) 23(12.7) 50(27.6) 66(36.5) 29(16) 6(3.3) 

Infectious diseases experts that can provide guidance in 

antibiotic selection and prescription are available in this 

hospital 

21(11.6) 27(14.9) 39(21.5) 54(29.8) 36(19.9) 4(2.2) 

Additional staff education on antibiotic prescribing and 

use is needed in this hospital 

64(35.4) 59(32.6) 26(14.4) 19(10.5) 12(6.6) 1(0.6) 

Prescribing physicians are the only professionals who 

need to understand antibiotic stewardship 

20(11) 19(10.5) 15(8.3) 54(29.8) 72(39.8) 1(0.6) 

Pharmacists with sufficient training to provide guidance 

on antibiotics (ex. Antibiotic switches, IV to PO step-

down, renal dose adjustments) are available in this 

hospital 

17(9.4) 36(19.9) 36(19.9) 39(21.5) 47(26) 6(3.3) 

Implementation of electronic medical recording (e.g., 

receiving results electronically) can improve effect of 

ASP 

42(23.2) 78(43.1) 45(24.9) 7(3.9) 7(3.9) 2(1.1) 

 NA: not applicable 
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Regarding potential interventions to combat AMR in hospitals, a majority of health professionals 

identified several effective strategies. Specifically, 151 (83.4%) supported education on antibiotic 

therapy for medical and pharmacy staff; 143 (79.0%) endorsed developing new institutional guidelines 

for empiric antibiotic use; 142 (78.5%) favored implementing prospective audits and feedback; and 

137 (75.7%) agreed on the active involvement of the hospital IPC team as well as access to institution-

specific antibiograms for treating teams. Additionally, about 108 (59.7%) and 107 (59.2%) believed 

that antibiotic restriction and antibiotic cycling are effective ASP strategies (Figure 15). 

  

Figure 15Belief on potential intervention to combat AMR among health professionals in 

hospitals, 2022, (N=181): 

The overall differences in agreement levels between physicians and pharmacists are detailed in table 7 

in article VII. Additionally, there was a noticeable variation in agreement among health professionals 

working in hospitals that had initiated ASPs compared to those that had not. Professionals in hospitals 

with ASP efforts showed greater agreement on statements such as ―AMR is a significant problem 

worldwide‖ (P = 0.013), ―Inappropriate antibiotic use is a major cause of antibiotic resistance in this 

hospital‖ (P = 0.034), and ―Easy access to antibiotics without a prescription in Ethiopia contributes to 

antibiotic resistance‖ (P = 0.003). In contrast, those working in hospitals without ASP implementation 

more strongly agreed with the views that ―The lack of adequate diagnostic testing leads to antibiotic 

overuse‖ (P = 0.035) and ―My antibiotic choices are often influenced by drug availability‖ (P = 0.012). 
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Among the five hospitals assessed, three had initiated ASP activities, with FHCSH and TGSH 

maintaining active ASP committees during the data collection period. Although the programs had not 

yet met all the core requirements for full ASP implementation, multidisciplinary teams were in place at 

both FHCSH and TGSH. These teams included representatives from physicians, pharmacists, infection 

prevention units, quality assurance, microbiology, nursing, and IT departments—though TGSH's team 

did not include IT staff and lacked epidemiologists. In both hospitals, the ASP committees were 

chaired by internists, with clinical pharmacists serving as secretaries. Overall, four of the five hospitals 

expressed a commitment to either enhancing current ASPs or initiating new ones. Proposed focus areas 

for ASP activities included internal medicine wards, intensive care unit, recovery rooms, pediatric 

units, and operating rooms at FHCSH and IGH—areas commonly associated with frequent prescribing 

of reserve antibiotics. 

Across all hospitals, there was no established system for formally reviewing the appropriateness of 

antibiotic use within 48–72 hours of initiation. Instead, assessments were typically limited to routine 

morning sessions and daily ward rounds. Only two hospitals (DMCSH and FHCSH) had antibiograms 

available; however, there were no structured efforts to track AMR trends. At FHCSH, antibiograms 

were updated quarterly but lacked formal clinical review and interpretation. TGSH had made initial 

efforts to conduct culture and sensitivity testing, but due to persistent supply shortages, antibiograms 

had not yet been generated. The absence of adequate laboratory infrastructure for performing culture 

and sensitivity testing remained a significant challenge across all sites. Moreover, apart from isolated 

evaluations of vancomycin use (at DMCSH and FHCSH), ceftriaxone use (at FHCSH and TGSH), and 

attempts to adapt the WHO AWaRe classification (at DMCSH and FHCSH), none of the hospitals had 

a comprehensive system to monitor antibiotic use patterns. 

The evaluation of ASP implementation at FHRH and TGSH revealed that only limited progress had 

been made toward meeting the seven core elements recommended for ASPs. Of these, the two 

hospitals had made the most progress in ensuring accountability and including drug experts within the 

ASP team. However, other essential components showed minimal achievement: leadership 

engagement was observed in only 4 out of 16 indicators, implementation of actions to enhance 

antibiotic use scored 8 out of 22, tracking activities scored 8 out of 18, reporting was 2 out of 6, and 

education-related efforts were just 1 out of 6. Notably, neither hospital had instituted a formal system 

for conducting prospective audits or providing feedback focused on specific infections or antibiotic 
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classes. Additionally, there was no structured mechanism in place to improve antibiotic use or monitor 

antibiotic consumption and resistance trends, as detailed in Article VII. 

4.2. Discussion  

Infectious diseases pose a significant threat to both national and global security, and their 

epidemiology has changed markedly over the years [148,149]. Estimating trends in and mortality from 

bacterial infections facilitates communication among stakeholders and raises awareness, encouraging 

healthcare professionals and policymakers to support efforts to combat AMR [150]. Therefore, 

integrating the assessment of infectious disease epidemiology (a key approach to understanding AMR 

and curbing the spread of infectious diseases) with antibiotic consumption, which is a major driver of 

AMR, is a crucial strategy for containing AMR. This is essential to controlling both prevalent and 

emerging infectious diseases globally [151, 152]. Given the strong relationship between antibiotic 

consumption and resistance [5, 153, 154], the key findings on and admissions and mortality from 

bacterial infections, antibiotic consumption, trends in AMR, antibiotic prescribing behavior and the 

situational analysis and readiness of hospitals' to implement ASPs are discussed in sequence hereafter. 

The current study revealed that bacterial infections accounted for 39,666 (20.1%) of all hospital 

admissions. This is comparable to a study in Norway, which reported that 22% of hospital admissions 

were due to bacterial infections [8], and a study in Uganda, where approximately 28% of admissions 

were for infectious diseases, the majority of which were bacterial in origin [155]. In contrast, a 

prevalence of 8.9% was reported for bacterial infections among febrile infants during COVID-19 in 97 

hospitals in the USA and Canada [156], which is lower than the findings of the current study. 

However, the prevalence of bacterial infections can be much higher (28%) among patients in intensive 

care units [157], and immunocompromised patients, as seen in global studies on cirrhosis patients, 

where the prevalence reached 57% [158]. 

Sepsis/septic shock (11,845 (29.9%)), pulmonary tract infections (10,236 (25.8%)), intra-abdominal 

infections and abscesses (6,257 (15.8%)), and CNS infections (3,275 (8.3%)) were the most common 

bacterial infectious syndromes in the hospitals. A study in Norway reported pneumonia (35.4%), 

urinary tract infections (30.6%), sepsis (18.8%), and intra-abdominal infections (7.8%) as the top four 

bacterial infectious syndromes in hospitals [8]. According to a global report on bacterial infections, 

pulmonary tract infections, bloodstream infections, and peritoneal/intra-abdominal infections were the 

three most common infectious disease syndromes [6]. A study in Nepal reported that 86% of deaths 
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were attributable to bacterial infections, with 47.3% caused by pneumonia, followed by sepsis (44.6%) 

and meningitis (34.1%) [9].  

In the current study, bacterial infections were responsible for 2,763 (21.2%) of overall mortalities, with 

bloodstream infections accounting for 1,248 (45.2%), pulmonary tract infections for 589 (21.3%), and 

CNS infections for 417 (15.1%). These findings are similar to those of the Nepalese study, where 

pneumonia (49.3%), sepsis (46.5%), and meningitis (4.2%) were common causes of mortality [9]. The 

difference in ranking may be attributed to variations in population dynamics such as age, population 

density, immunity levels, and demographic trends, etc. In southern Ethiopia, communicable diseases 

accounted for 49.2% of total mortalities, with tuberculosis alone responsible for 16.8% of total deaths 

[10]. It was indicated that respiratory tract infections, bloodstream infections, and peritoneal/intra-

abdominal infections accounted for more than 75% of the estimated 7.7 million bacterial-related deaths 

globally in 2019, of which 1.3 million were attributed to AMR bacteria [5]. 

Overall, trends in bacterial infections increased by 437.8% (from 8,556 cases in 2018 to 11,082 cases 

in 2022). This contrasts with a study in China, which reported stable incidence rates of infectious 

diseases from 2010 to 2019 [159], and a 33.5% increase in Brazil from 2012 to 2016 [160]. The 

current study revealed a 26.3% decrease in mortality, from 687 deaths in 2018 to 506 deaths in 2022. 

This decline is almost identical to the 20.6% decrease observed in Brazil from 2012 to 2016, but 

differs from reports in China, which showed a 66.7% decrease from 2008 to 2017 [161] and an 8.76% 

increase from 2010 to 2019 [159]. The differences in trends for both mortality and morbidity from 

bacterial infections may be attributed to variations in diagnostic techniques available, availability of 

effective antibiotics, vaccination and other infection control and prevention measures, as well as 

population demographic differences, and technological advancements [162]. The WHO has reported a 

lack of effective treatments for an increasing number of infections, such as urinary tract infections, 

tuberculosis, and sepsis, in many parts of the world due to resistance [154], which helps explain the 

differences in infection and mortality rates across regions. 

The current study reported varying levels of antibiotic consumption, with EPSS-based data showing 

30.3 DIDs (an average of 5.3 DIDs per year). According to the WHO, from 2015 to 2018, antibiotic 

consumption ranged from 4.4 to 64.4 DIDs across countries, indicating overuse in some countries and 

limited access in others, which may be due to limited availability of these life-saving medicines [154]. 

These findings were in line with the current study reports. It was also lower compared to other studies 
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in Ethiopia, which reported 58.41 DIDs (average 11.8 DIDs) from 2016 to 2020, and 15.4 DIDs from 

2017 to 2019 [46, 163], as well as 241.4 DIDs in Tanzania from 2017 to 2019 [164]. But it was higher 

than the 19 DIDs reported in Sierra Leone from 2017 to 2019 [165], and antibiotic consumption in 

African countries from 2015 to 2018, which ranged from 4.4 DIDs in Burundi to 27.3 DIDs in 

Tanzania [154]. The differences may be attributed to underreporting to the WHO, leading to limited 

data coverage. The low consumption of antibiotics at EPSS, which could be due to in sufficient supply, 

may cause for a lack of access to essential antibiotics, which can in turn fuel AMR. 

Recent studies reported an 87.4% decrease in antibiotic consumption at EPSS (from 6.9 to 0.9 DIDs). 

The decrease in consumption at EPSS is consistent with a study in Ethiopia from 2017-2019, which 

reported an 87.2% reduction from baseline [163]. A study in Southeastern Europe noted a 33.8% 

decline in antibiotic consumption from 2011 to 2019 [166], while a study in Tanzania reported a 29.3% 

reduction from 2017 to 2019 [164], which are lower than the current findings from EPSS. However, 

these results differ from the 16.4% increase in antibiotic consumption in Ethiopia from 2016 to 2020 

[146], as well as from global antibiotic consumption trends, which saw a 39% rise between 2000 and 

2015 (from 11.3 to 15.7 DIDs), and a 46% increase from 2000 to 2018 [5, 167]. In Tanzania, antibiotic 

consumption increased by 610.8% between 2010 and 2016 [168], which is extremely higher than 

current studies. Global antibiotic sales were also reported to be positively correlated with the number 

of COVID-19 cases [169], resulting in increased consumption of antibiotics. The variations in trends 

may be attributed to differences in drug supply and the impact of COVID-19.  

Classifying antibiotics into Access antibiotics, Watch antibiotics, and Reserve antibiotics is crucial to 

identifying the most consumed antibiotics [151, 170]. This study revealed 23.4 DIDs (77.1%) of 

antibiotic consumptions from Access category, and 6.9 DIDs (22.9%) from Watch category. This is in 

line with national antimicrobial consumption data from the Ethiopian Food and Drug Authority 

(EFDA), which reported that 67.9% of antibiotics came from the WHO Access category [163], and 

also in line with WHO’s 60% recommendation [5, 170]. In Ghana, Access antibiotics accounted for 

63.3%, and Watch antibiotics for 36.7% of total antibiotic consumption [162]. Similarly, a 

Southeastern European country reported 74.3% consumption of Access category antibiotics and 25.7% 

Watch antibiotics [166], both consistent with WHO’s 60% recommendation [170]. In Tanzania, 

consumption of Access antibiotics accounted for over 90% of consumption, which is higher than in the 

current study [164]. The low consumption of Watch antibiotics in this study may be attributed to 

increased supply of Access antibioitcs to primary health care facilities. Although there are significant 
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variations in the use of AWaRe antibiotics across countries, their classification serves as a useful 

metric for assessing the appropriateness of antibiotic use [171]. 

The consumption of Access antibiotics at EPSS decreased by 72.7% (from 5 to 0.5 DIDs) between 

2017 and 2022, while Watch antibiotics decreased by 54.3% (from 1.8 to 0.4 DIDs). However, this 

trend contrasts with a report in Southeastern European country, which reported only an 18.2% decrease 

in Access antibiotics but a 33.3% increase in Watch antibiotics [166]. Similarly, in Ghana, from 2016 

to 2021, the consumption of Access antibiotics decreased by 14.4%, while the consumption of Watch 

antibiotics increased by 68.3% [172]. Although the figures differ, the downward trend in Access 

antibiotics at EPSS is similar to the trend observed in Ghana.  

According to the WHO’s report on antibiotic subgroups from 2015 to 2018, penicillins (J01C), and 

sulfonamides and trimethoprim (J01E) were the most commonly consumed antibiotics in Burkina Faso 

and Côte d’Ivoire, while penicillins (J01C) and tetracyclines were the top consumed antibiotics in 

Tanzania [154]. The current report at EPSS, revealed beta-lactam antibiotics, penicillins (J01C) (14.9 

DIDs) and tetracyclines (J01A) (5.3 DIDs), as the most commonly consumed, which is similar to the 

report in Tanzania [154]. A national EPSS-based study [46] uncovered the most common antibiotic 

classes as beta-lactam antibiotics, penicillins (J01C), tetracyclines (J01A), and quinolones (J01M), 

which is similar to the current findings at EPSS.  

The DU90% is an inexpensive, flexible, and simple method for assessing the quality of drug 

prescribing in routine healthcare. It has been proven useful in studying antibiotic use patterns in 

hospitals by assessing the overall quality of prescribing, and it serves as a basis for more disease- or 

patient-specific analyses. A higher DU90% indicates increased levels of low-priority prescribing and 

associated costs, signaling the need for greater use of formularies to enhance prescribing quality and 

reduce costs [173-176]. This method can also provide comparative data among different facilities and 

institutions [173]. Accordingly, the current study revealed the consumption of seven antibiotics 

constituting DU90% at EPSS, only seven antibiotics. Another study based on national hub identified 

nine antibiotics as making up DU90% [44], which is greater than the current findings at EPSS. Another 

consumption study based on Ethiopian food and drug administration (EFDA) also revealed the ten 

most commonly consumed antibiotics [163], which is higher than current study. These variations, 

including differences from the current reports, could be attributed to differences in infectious diseases 

and national priorities. In general, there is significant intra- and interregional variation in antibiotic 
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consumption [154]. Overall, antibiotics worth approximately $7,281,680.91 were consumed at EPSS 

over six years. A study in Ghana over six years reported an expenditure of $2,365,241.00 on antibiotics 

[172], which is much lower than the current report from EPSS. 

 

In similar way, antibiotic use in in hospitals revealed that 296.2 DIDs (an average of 98.7 DIDs) of 

antibiotics were used during the three years period. According to the WHO, from 2015 to 2018, 

antibiotic use ranged from 4.4 to 64.4 DIDs across countries, indicating overuse in some countries and 

limited access in others, which may be due to limited availability of these life-saving medicines [154]. 

These findings differ from the current report. Hospital-based antibiotic consumption was higher 

compared to other studies in Ethiopia, which reported 58.41 DIDs (average 11.8 DIDs) from 2016 to 

2020, and 15.4 DIDs from 2017 to 2019 [46, 163], as well as 241.4 DIDs in Tanzania from 2017 to 

2019 [164], 19 DIDs reported in Sierra Leone from 2017 to 2019 [165], and antibiotic consumption in 

African countries from 2015 to 2018, which ranged from 4.4 DIDs in Burundi to 27.3 DIDs in 

Tanzania [154]. The differences may be attributed to underreporting to the WHO, leading to limited 

data coverage. The high use of antibiotics in hospitals suggests overuse, which can contribute to rising 

rates of AMR. 

Recent studies reported an 11.4% (from 96.2 to 85.2 DIDs) decrease in antibiotic use in hospitals. The 

decrease in use is consistent with a study in Ethiopia from 2017-2019, which reported an 87.2% 

reduction from baseline [163], although the magnitude is different. A study in Southeastern Europe 

noted a 33.8% decline in antibiotic consumption from 2011 to 2019 [166], while a study in Tanzania 

reported a 29.3% reduction from 2017 to 2019 [164], which are also higher than the current findings in 

hospitals. However, these results differ from the 16.4% increase in antibiotic consumption in Ethiopia 

from 2016 to 2020 [146], as well as from global antibiotic consumption trends, which saw a 39% rise 

between 2000 and 2015 (from 11.3 to 15.7 DIDs), and a 46% increase from 2000 to 2018 [5, 167]. In 

Tanzania, antibiotic consumption increased by 610.8% between 2010 and 2016 [168], which is 

extremely higher than current studies. Global antibiotic sales were also reported to be positively 

correlated with the number of COVID-19 cases [169], resulting in increased consumption of 

antibiotics. The variations in trends may be attributed to differences in drug supply and the impact of 

COVID-19.  

Classifying antibiotics into Access antibiotics, Watch antibiotics, and Reserve antibiotics is crucial to 

identifying the most consumed antibiotics [151, 170]. This study revealed 145.3 DIDs (49.1%) of used 
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antibiotics from Access category antibiotics, while 150.7 DIDs (51.6%) were Watch category 

antibiotics. The use of Access antibiotics is lower than national antimicrobial consumption data based 

on EFDA, which reported that 67.9% consumption from Access category [163]. It was also lower 

compared with consumption of Access antibiotics accounted for 63.3% in Ghana [162] and 90% in 

Tanzania [164]. Although WHO recommends 60% from Access category [170] globally,  the use of 

Access and Watch antibiotics varies from 7.8% in China to 61.2% in Slovenia, and from 23.0% in 

Finland to 77.3% in Iran, respectively [171]. Overall, high use of Watch antibiotics in this study may 

be attributed to increased ceftriaxone use.  

The use of Access antibiotics in the hospitals increased by 35.8% but there was a 49.6% decrease in 

Watch category antibiotics. However, this trend contrasts with a report in Southeastern European 

country, which reported an 18.2% decrease in Access antibiotics and a 33.3% increase in Watch 

antibiotics [166]. Similarly, in Ghana, from 2016 to 2021, the consumption of Access antibiotics 

decreased by 14.4%, while the consumption of Watch antibiotics increased by 68.3% [172]. According 

to the WHO’s report on antibiotic subgroups from 2015 to 2018, penicillins (J01C), and sulfonamides 

and trimethoprim (J01E) were the most commonly consumed antibiotics in Burkina Faso and Côte 

d’Ivoire, while penicillins (J01C) and tetracyclines were the top consumed antibiotics in Tanzania 

[154]. The current study revealed  the most commonly used antibiotics from beta-lactam antibacterials 

(J01D), 135.1 DIDs (45.6%), beta-lactam antibiotics, penicillins (J01C), 56.87 DIDs (18.5%), and 

sulfonamides and trimethoprim (J01E), 40.45 DIDs (13.7%), which is different from the WHO’s report 

[154]. A national EPSS-based study uncovered the most common antibiotic classes as beta-lactam 

antibiotics, penicillins (J01C), tetracyclines (J01A), and quinolones (J01M) [46], which are different 

from current this study. The difference may be attributed use of ceftriaxone and other cephalosporins 

use to manage severe infections in hospitals. 

A higher DU90% indicates increased levels of low-priority prescribing and associated costs, signaling 

the need for greater use of formularies to enhance prescribing quality and reduce costs [173-176]. The 

current study revealed the use of eleven antibiotics constituting DU90% in the hospitals which is 

higher than seven antibiotics accounted for DU90% in regional public supply hub [189]. A study based 

on EPSS and EFDA data identified nine antibiotics [44] and ten antibiotics [163] respectively, as 

making up DU90%, which is lower than the current findings in the hospitals. In Tanzania, the three 

most commonly consumed antibiotics were doxycycline, amoxicillin, and SXT [164], while in Ghana, 

they were amoxicillin-clavulanate, cefuroxime, and SXT [172]. In general, there is significant intra- 
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and interregional variation in antibiotic consumption [154]. The current study reported contrasted 

findings from the reports in Tanzania and Ghana, may be due to high use of Ceftriaxone in the current 

study.  

In the hospitals, although antibiotic prescribing was not under control of physicians, physicians 

perceived a high level of antibiotic prescribing (54.8%) for outpatient visits in a week, and about 178 

(96.2%) of physicians estimated to prescribe antibiotics at least for one patient among 10 patients with 

URTIS; thus, 916 (49.5%) patients with URTIs would be prescribed antibiotics. This was high 

compared with antibiotic prescriptions for 33–36% of monthly outpatient patient encounters in Ghana 

[177], but lower than 62.6% of antibiotic prescribing for URTIs in India [178], 69.80% in Pakistan 

[179], and 79.1% [180] in Ethiopia. This supports the deviation of antibiotic prescribing indicators in 

the African region from the WHO reference targets (30%) [181].  

The MTPB model revealed that knowledge of physicians was associated with PBC and SN (P = 0.000) 

but not with attitude (P > 0.05) which was against a report from China that revealed that high 

knowledge is positively associated with attitudes towards rational use of antibiotics [36, 123, ] and 

behavioral intention for containing antibiotic prescriptions [36]. Attitude, SN, and PBC in the current 

study were not associated with the intention to prescribe or reduce antibiotic prescribing. This was 

against another study in China which reported a favorable attitude toward higher intention to prescribe 

antibiotics and a lower intention to reduce antibiotic use [182]. In the current study, knowledge doesn’t 

have an indirect effect on intention to prescribe antibiotics, which is against a report in China that 

reported indirect effects of knowledge on intentions to prescribe antibiotics and low knowledge on 

intentions to prescribe antibiotics for URTIs [36].  

Overall, Antibiotic prescribing is a complex process and is influenced by many physician-related 

factors, patient-related factors, and healthcare system-related factors resulting in the variability of 

antibiotic prescriptions [183-187]. This requires continues training and professional updates to improve 

the knowledge, attitude, and practice of physicians by familiarizing them with national guidelines on 

the use of antibiotics and local Anti-biograms, in addition to changing personal paradigms related to 

the physicians’ decision-making [188]. Thus, determining the behavior of physicians will contribute to 

generating new and more effective strategies for improving antibiotic prescribing and allaying global 

concern about antibiotic resistance. 



 

79 
 

Overall, increased use of antibiotics can lead to the emergence and spread of AMR, which is a major 

threat to global health and human development, affecting our ability to treat a wide range of infections 

[154]. AMR results in high rates of illness and mortality, especially in LMICs, where access to 

diagnostics is limited and the prescription and use of antimicrobials are poorly regulated [190]. The use 

and misuse of antibiotics are key drivers for the emergence of AMR, and this issue has been further 

exacerbated by the COVID-19 pandemic [191]. One of the aims of ASPs is to monitor antimicrobial 

consumption, as increased consumption is associated with increased AMR [92]. With this in mind, the 

current study determined trends in antibiotic consumption and AMR in the catchment areas. Thus, the 

under-consumption and over-use of antibiotics at EPSS and hospitals, respectively, could have 

contributed to increase in AMR, which will be discussed in the following paragraphs. 

In the current study based on APHI data, the most common sources for bacterial isolation were blood 

(11,785; 46.87%), urine (6,354; 25.3%), and swabs (1,993; 7.9%). This is consistent with a systematic 

review conducted in WHO African regions, which identified bloodstream (82.0%), urinary tract 

(10.0%), gastroenteric (6%), and genital swabs (2.0%) as the most common sample sources [191]. A 

retrospective analysis from a referral hospital in Southern Ethiopia similarly reported urine (36.2%), 

pus (27.4%), and blood (18.9%) as the predominant sample sources [192]. At Jimma University 

Medical Center (JUMC), among patients with nosocomial infections, urine (55.0%), wound swabs/pus 

(24.2%), blood (15%), and sputum (5.8%) were the most common sources [193]. In contrast, Wolaita 

Sodo Hospital reported discharges (47.2%), body fluids (21.5%), urine (18.6%), and stool (12.2%) as 

frequently collected specimens [194]. A national systematic review in Ethiopia also identified urine 

(28%), discharges (27.0%), and blood (21.0%) as the leading sample types [195]. These variations may 

be attributed to differences in infection types and institutional practices concerning culture and 

sensitivity testing. 

In this study, bacterial growth was observed in 16,825 (66.9%) of the total samples. Among the 

positive cultures, gram-negative bacteria were predominant, comprising 12,528 (74.5%) of the isolates. 

The most frequently identified gram-negative organisms included Klebsiella pneumoniae (3,783; 

30.2%), Escherichia coli (3,199; 25.5%), and Acinetobacter baumannii (1,444; 11.5%). Gram-positive 

bacteria accounted for 4,297 (25.5%) of the isolates, with coagulase-negative staphylococci (CoNS) 

being the most common (1,765; 40.1%), followed by Staphylococcus aureus (1,293; 30.1%) and 

Enterococcus species (870; 18.9%). The overall culture positivity rate was higher than those reported 

at JUMC (61.5%) [194], tertiary hospitals in Sierra Leone (45%) [174], Wolaita Sodo Hospital (40%) 



 

80 
 

[182], and the pooled prevalence in an Ethiopian systematic review (29.1%) [20]. Notably, while 

gram-negative bacteria dominated in the current study, the majority of isolates at Wolaita Sodo 

Hospital were gram-positive (69.6%) [194], highlighting a key contrast. Regarding commonly isolated 

pathogens, S. aureus, E. coli, and Pseudomonas aeruginosa were most frequent in Wolaita Sodo 

Hospital [193]. Similarly, in JUMC and Sierra Leone, frequent isolates included E. coli, K. 

pneumoniae, Pseudomonas spp., and S. aureus [192, 196]. A study from Nepal also reported Klebsiella 

species (42.2%), Proteus species (13.6%), and S. aureus (16.2%) as dominant isolates [9]. These 

discrepancies compared to the current findings—where K. pneumoniae, E. coli, CoNS, A. baumannii, 

and S. aureus were most prevalent—may reflect differences in infection types, patient populations, and 

clinical settings influencing the types and frequencies of bacterial isolates [190]. 

The current study confirmed a high prevalence of AMR, with 2,738 (59.9%) of the isolates exhibiting 

resistance. Of these, gram-negative bacteria constituted 1,807 (66.0%) and gram-positive bacteria 931 

(34.0%). This overall resistance rate is consistent with findings from a 2019 systematic review in 

Ethiopia, which reported a 59.7% prevalence of multidrug-resistant bacteria [20]. However, it is 

notably higher than the 38.4% pooled prevalence reported in a systematic review examining the 

association between AMR and antibiotic consumption [153]. A study conducted at JUMC, similarly 

reported that 79.4% of resistant isolates were gram-negative, while 19.6% were gram-positive [192]. 

At FHCSH, gram-negative bacteria made up 70.3% of resistant isolates, and gram-positive bacteria 

29.7%, a pattern that aligns closely with the current findings [55]. Despite differences in exact 

percentages, gram-negative bacteria consistently show higher resistance rates, as also observed in 

Southern Ethiopia, where they accounted for 435 (62.8%) of resistant cases [192]. Globally, 

Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae, Streptococcus pneumoniae, 

Acinetobacter baumannii, and Pseudomonas aeruginosa remain the top bacterial pathogens associated 

with mortality [5, 6]. 

AMR is a growing global threat, particularly in LMICs, where 40–60% of infections are resistant—

significantly higher than the 17% reported in OECD countries [152, 170]. In LMICs, AMR has shown 

a steady increase over recent decades [197]. Consistently, the current study reported a rise in AMR 

from 0.2% in 2016 to 29.9% in 2021, despite a slight decline from 33.7% in 2019 to 25.7% in 2020. In 

contrast, OECD countries showed only a 2% increase in resistance over a decade (from 18% in 2009 to 

20% in 2019) across 12 antibiotic-pathogen combinations [198]. Globally, third-generation 

cephalosporin-resistant K. pneumoniae, fluoroquinolone- and cephalosporin-resistant E. coli, and 
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MRSA are leading AMR threats [199]. These pathogens—particularly E. coli, K. pneumoniae, and S. 

aureus—contribute to the majority of AMR-related deaths, complicating the treatment of bloodstream 

infections, meningitis, and surgical site infections [198]. In line with global data, the current study 

found high resistance rates: A. baumannii (82.4–100%) to multiple antibiotics; CoNS (89.2–100%) to 

ciprofloxacin, tetracycline, clindamycin, and others; Enterobacter spp. (95.5–100%); E. coli (92.5–

100%); K. pneumoniae (92.4–100%); and S. aureus (93.5–100%) to several commonly used 

antibiotics. These findings reinforce global reports highlighting significant variation in resistance 

patterns across countries, bacteria, and antibiotic classes [199]. 

This study identified 571 (20.9%) MDR bacterial isolates among resistant strains—lower than pooled 

estimates from Ethiopian systematic reviews, which reported 59.7% and 70.5% MDR prevalence [20, 

188], including 72.1% in hospital-acquired and 69.8% in community-acquired infections [200]. 

However, the result aligns with findings from Nepal (26.8%) [9] and with 80.0% MDR gram-negatives 

reported at one hospital in the study area [55]. Among gram-negative MDR isolates (378; 18.1%), the 

most frequent were K. pneumoniae (133; 35.2%), E. coli (86; 22.8%), A. baumannii (39; 10.3%), and 

Enterobacter cloacae (37; 9.8%). For gram-positives (195; 20.9%), CoNS (98; 50%), S. aureus (46; 

23.6%), and Enterococcus spp. (27; 14.2%) were predominant. In Nepal, Klebsiella (50%) and 

Acinetobacter (30.8%) were the leading MDR gram-negative pathogens, higher than in this study [9]. 

Globally, the rise of MDR, extensively drug-resistant, and pan-drug-resistant gram-negative bacteria is 

a growing public health concern [21]. The burden of AMR-related infections has been comparable to 

that of influenza and tuberculosis, increasing steadily between 2007 and 2015 [201]. 

Despite AMR being a critical public health threat, significant gaps antibiotic use in hospitals [21]. 

Assessing hospital ASP implementation, along with identifying challenges and opportunities, remains 

essential [41, 202-205]. In the current study, health professionals believe that AMR is a significant 

problem in Ethiopia 163 (90.1%), worldwide 161 (89.0%), and hospitals (70.7%). According to a 

report from another hospital in Ethiopia, AMR is a problem in Ethiopia (94.6%), worldwide (91.7%), 

and in the hospitals (85.6%) [41], which is almost similar to the current report but different from a 

report from among physicians in Ghana, which reported perceived AMR as a global problem (30.1%), 

a national problem (18.5%), and a problem in their hospital (8.1%) [206]. This supports the fact that 

AMR is a major global public health concern with serious consequences in LMICs, due to the 

widespread, and inappropriate use of antibiotics along with inadequate management of pharmaceutical 

waste [189]. In this study, health professional believe that inappropriate consumption of antibiotics is a 
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major cause of AMR 137 (75.7%) where easy access to antibiotics without a prescription in Ethiopia 

contributes to AMR 155 (85.6%), and prescription of broad-spectrum antibiotics is directly linked to 

AMR 104 (57.5%). This is in agreement with another study at TASH in Ethiopia [41]. Unlike the 

current study, in Ghana, overuse of antibiotics, self-medication, and uncompleted antibiotic therapy 

were perceived common causes for AMR [206]. Unless management of infections is optimized and 

reduce adverse events associated with antibiotic use [207], the problem of AMR will be vicious [208].  

Regarding Core elements of ASP, implementation, in the current study, only three hospitals (3 out of 

5) attempted to establish ASPs which are core elements of leadership (4 out of 16), action on 

implementing ASP and improving antibiotic consumption (8 out of 22), tracking (8 out of 18), 

reporting (2 out of 6), and education (1 out of 6). Although ASPs can be implemented in a variety of 

contextual ways that are feasible for hospitals, the implementation of the CDC's seven (7) core 

elements of hospital ASPs will serve as guidance to assist hospitals in starting and expanding ASPs to 

reduce AMR and CdIs by improving antibiotic prescribing and antibiotic use [72]. Partners across the 

country are using the implementation of core elements to guide partners in supporting antibiotic 

stewardship efforts in hospital settings [77]. To optimize the treatment of infections and reduce adverse 

events associated with antibiotic use enhancing IPC, controlling source control, prescribing antibiotics 

when they are truly needed, prescribing appropriate antibiotics with adequate dosages, reassessing 

treatment when culture results are available, using the shortest duration of antibiotics based on 

evidence, educating staff, supporting surveillance of AMR and HAIs, monitoring antibiotic 

consumption, and supporting an interdisciplinary approach as core elements of ASP [207]. In fact, 

implementation of core elements of ASPs in resource limited settings is poor [208]. 

The hospitals didn’t implement a specific strategy and set metrics to evaluate the ASPs except for 

attempts to evaluate vancomycin use, ceftriaxone use, and customizing antibiotic AWaRe 

classifications. Different strategies, such as prescriber education, formulary restriction, prior approval, 

streamlining, antibiotic cycling, and computer-assisted programs, have been proposed to improve 

antibiotic use [66, 208]. Effective hospital-based ASPs should implement at least one core active 

strategy: of prospective audit with intervention and feedback or formulary restriction and 

preauthorization with or without supplementary strategies such as education, guidelines, and clinical 

pathways; antimicrobial cycling; antimicrobial order forms; combination therapy; streamlining or de-

escalation of therapy; dose optimization; and parenteral to oral conversion [4]. The ASP team 

composition in the current study in line with the recommendations [4, 208], which consist of 
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physicians, pharmacists, infection prevention, quality assurance, microbiologists, nurses, and/or 

epidemiologists or information technology professionals in two hospitals that do have active teams at 

the time of data collection.  

The health professionals in the current study believed that ASP improves the quality of patient care 

133 (73.5%), reduces overall antibiotic consumption and can result in cost savings 129 (71.3%), 

reduces the duration of hospital stays and associated costs 137 (75.7%), and reduces the problem of 

AMR 126 (69.6%). This is an opportunity to implement ASP in hospitals for antibiotic prescription 

and AMR bacteria [72, 77, 184]. Regarding ASP strategies, health professionals believed that 

education on antibiotic therapy to medical and pharmacy staff 151 (83.4%), developing new 

institutional guidelines for empiric antibiotic use 143 (79.0%), implementation of prospective audit and 

feedback 142 (78.5%), active involvement of hospital IPC team 137 (75.7%), and access to institution-

specific antibiogram to treating teams 137 (75.5%) were effective potential interventions to combat 

AMR in hospitals. Education, which is known to be a supplementary element of comprehensive efforts 

for improving antibiotic use in hospitals [4, 184], was rated number one to improve antibiotic 

prescription and AMR bacteria. In fact, the implementation of prospective audits and feedback which 

is the core strategy for ASPs [4] was believed to be the third strategy in the current study. This might 

be related to the knowledge gap on the types of strategies for ASPs. Implementation of ASP or relying 

on the PDSA model to improve the efficiency as well as the likelihood of success of the ASP in the 

LMICs is recommended [208]. 

In general, antibiotic prescribing is a complex process and is influenced by many factors [177, 188, 

207, 208]. This requires continues training and professional updates to improve the knowledge, 

attitude, and practice of physicians by familiarizing them with national guidelines on the use of 

antibiotics and local Anti-biograms, in addition to changing personal paradigms related to the 

physicians’ decision-making [188, 209]. Furthermore, prevention of AMR requires integrated and 

coordinated multi-sectorial approach encompassing ASP, IPC, surveillance and monitoring, research 

and innovation, and public awareness and education [210]. Enhancing IPC systems within health 

facilities, elevating ASP practices, augmenting the capacity for laboratory surveillance of AMR, 

accessing to essential health services, timely and accurate diagnosis of infectious diseases, appropriate 

quality-assured treatments and fostering a One Health approach to AMR surveillance that bridges the 

human and animal health sectors in achieving the Sustainable Development Goals are critical to 

overcome barriers faced by people and health systems in addressing AMR [211- 213]. ASPs are cost-
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effective, reduce AMR, improve clinical and patient outcomes, alter prescribing behavior of physicians 

without compromising short-term outcomes, and reduce HAIs and associated societal costs [66, 69, 

211]. Inclusion of capacity building interventions, improved diagnosis, surveillance and management 

of AMR pathogens across human and animal health are critical components of ASPS to contain AMR 

[212-215]. ASP is needed to limit the emergence of AMR, prolong the effectiveness of currently 

available antibiotics, reduced costs and improve patient outcomes by promoting responsible use of 

antibiotics [66, 69]. Despite the challenges, implementing contextualized ASP interventions based on 

available resources is highly recommended [186, 209]. 

4.3. Strength and Limitations of the Study 

The strength of this study lies in its comprehensive approach to examining multiple aspects of 

antibiotic consumption, from distribution data to hospital-level consumption. It also investigated 

antibiotic prescription behaviors, along with the current status of ASPs in hospitals and their readiness 

for ASP implementation. Additionally, the study assessed the core elements of ASPs in hospitals that 

have attempted implementation.  

The study utilized retrospective data collection on bacterial infections, antibiotic consumption, and 

AMR, which may have certain limitations. Due to financial constraints and lack of funding, the actual 

implementation of ASPs was not possible. As a result, the research focus shifted from examining the 

effect of ASPs on antibiotic consumption to evaluating the current status of ASPs. Furthermore, 

insufficient AMR data in health facilities, coupled with a lack of funds to access existing AMR data, 

made it impossible to determine the relationship between antibiotic consumption and resistance. To 

compensate for this, AMR data from the APHI and antibiotic consumption data from the EPSS were 

used as area-specific indicators of AMR and antibiotic consumption, respectively. A small sample size 

may have limited the study's ability to establish a relationship between attitudes, SN, and PBC with the 

intention to prescribe or reduce antibiotic use. This, in turn, was not directly associated with perceived 

antibiotic prescribing behavior. Additionally, physicians' reluctance and busy schedules in completing 

questionnaires, internet disruptions, and security issues posed further challenges to the study. 
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS  

5.1. Conclusions  

The current study provides critical insights into the burden of bacterial infections, antibiotic 

consumption and patterns, and AMR in hospitals and public pharmaceutical supply and public institute 

settings. Bacterial infections contribute significantly to hospital admissions and mortalities, with 

sepsis, pulmonary infections, and CNS infections being the most prevalent causes. Although overall 

mortality from bacterial infections has declined, the infection trend has sharply increased, indicating 

growing infection rates despite reduced fatality. The analysis of antibiotic consumption reveals 

divergent trends between the EPSS and hospitals. While EPSS reported under-consumption of 

antibiotics—likely due to supply constraints—hospitals demonstrated high and potentially 

inappropriate consumption, particularly of Watch category antibiotics, such as ceftriaxone. This 

overuse in hospitals may be a key driver of AMR in the region. Although a modest decline in antibiotic 

consumption at both EPSS and hospital levels were seen, the consumption of Watch category 

antibiotics remains high in the hospitals, surpassing WHO recommendations.  

The study also revealed high antibiotics prescribing practice which was not under the volitional control 

of physicians. The predominant use of cephalosporins in hospital settings also suggests a narrow 

prescribing pattern that could contribute to resistance. DU90% analysis further indicated more focused 

supply at EPSS and a variety of antibiotics accounting for the majority of consumption in the hospitals, 

underlining the need for more balanced and evidence-based use and prescribing practices. Overall, the 

implementation of antibiotic stewardship programs in the hospitals had positive effect in reducing 

antibiotic consumption and increasing levels of awareness and positive attitudes among staff related in 

hospitals attempts to implement the program although its status of implementation was poor. The study 

underlines the urgent need for strengthening and implementation of ASPs, improved antibiotic supply 

management, and regulation of hospital antibiotic prescribing practices. Addressing both underuse and 

overuse of antibiotics is essential to curbing AMR and improving outcomes related to infectious 

diseases.  
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5.2. Recommendations  

The findings of this study will help address gaps in antibiotic consumption, AMR, and the 

implementation of ASPs. They can also assist policymakers and healthcare administrators in making 

informed decisions regarding the implementation and regulation of ASPs. Future studies should focus 

on collecting patient specific antibiotic use data before the implementation of specific ASP 

interventions in hospitals. Successful ASPs should incorporate all elements of effective quality 

improvement programs, including antimicrobial use impact measurement, prescribing audit, and 

ongoing monitoring of both the processes and outcomes of AMR, in order to provide regular feedback 

to prescribers. 

While this study has identified a potentially feasible set of recommendations to improve antibiotic 

prescribing and facilitate ASP implementation, further efforts are needed to ensure that these 

recommendations are operationalized and their impacts evaluated. Based on the findings, the following 

recommendations are made: 

 Develop and implement robust IPC strategies to reduce the growing burden of illness and 

mortality from bacterial infections   

 Devise strategies to align antibiotic distribution and supply systems with the actual needs 

and consumption patterns of health facilities. 

 Establish processes for obtaining expert advice on antibiotic prescribing and allocate 

resources to support appropriate antimicrobial use. 

 Incorporate AMR and ASP topics into pre-service education and ongoing professional 

development programs for healthcare workers. 

 Ensure sufficient funding and budget allocations to allow health facilities to implement 

ASPs in line with national and international standards. 

 Strengthen staff competencies, promote the use of local data for decision-making, and 

integrate ASP-related activities into routine hospital operations. 

 Recognize that reducing inappropriate antibiotic prescribing requires more than 

knowledge—it demands a systemic, behavior-focused approach to transforming 

prescribing practices. 

 Strong control practice on antibiotic use regulation is highly recommended to prevent 

unnecessary use and self-medications.  
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5.3. Directions for further research  

The implementation of ASPs alongside IPC strategies is essential for preventing and mitigating the 

emergence and spread of AMR. This is achieved by optimizing antimicrobial prescribing and 

treatment—ensuring appropriate selection, dosage, route of administration, and duration. However, 

challenges such as inefficient supply chains frequently lead to antimicrobial shortages, promoting 

inappropriate antibiotic use and exacerbating AMR. Decisions regarding antibiotic use require a 

careful balance between optimizing individual patient outcomes and protecting the public in from 

AMR. Political and distributive injustices at the population level also influence facility-level decisions 

and contribute to disparities in antibiotic access and use. Addressing these systemic factors is crucial 

for designing equitable and effective interventions. 

Although AMR is an inevitable consequence of antibiotic use, the rate of resistance development is 

largely dependent on how and to what extent antibiotics are used. Reducing the overuse and misuse of 

antibiotics—recognized as the primary drivers of AMR—should be a research priority. This includes 

exploring the use and resistance potential of new and existing antibiotics, as well as strategies to 

extend the effectiveness of current treatments. Although not the primary focus of the current study, 

observations of ASP implementation across health facilities revealed policy gaps that undermine 

progress in curbing AMR. To reverse this trend, national policies on antibiotic use and ASPs must be 

strengthened and uniformly enforced. 

Furthermore, the combination of low antibiotic consumption from public suppliers and a high burden 

of infection and AMR underlines the urgent need to better integrate ASPs with: 

 Supply chain management 

 Infection prevention and control 

 Point-of-care diagnostic techniques for bacterial infection identification 

Future research should prioritize the development of efficient and secure antimicrobial supply chains 

that ensure antibiotics are accessible, affordable, and consistently available for treating common 

infections. 
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Annexes 

Annex I: Consent Forms  

1. For patients to get access to their card/if unconscious/children to care givers or 

attendants caring them 

Dear participants, I’m PhD student in Addis Ababa University, college of health sciences, School 

of pharmacy in Social and administrative pharmacy program. I am conducting my dissertation on 

a title, ―ANTIBIOTICs STEWARDSHIP PROGRAMS IN AMHARA REGION, 

NORTHWEST ETHIOPIA, 2025‖. The study will be conducted by reviewing patient cards, 

HIMS records, drug acquisition and distribution sheets and models, purchasing vouchers, 

computerized physician order entry’s (if any), culture and sensitivity tests; from health 

professionals (discussion and questionnaire based); from health sector managers, etc. If you are 

voluntary and you have the right not to give your card in the study or to take your card at any 

time you feel uncomfortable. The information obtained and accessed is used only for the purpose 

of research. The output of this research will be greatly helpful to the Hospitals, patient, 

community and health professionals by creating awareness and recommending possible 

solutions. The information obtained will be kept confidential by avoiding using names and 

securing from access to others other than research teams. After the research is over, the 

information obtained will be discarded. Thank you in advance for your cooperation. 

Shall I proceed?    

 Yes---------- 

 No --------- 

 

 

 

 
 

 

 

Annex II: Situational analysis of Hospital’s readiness for AMS implementation  

Section 1: General information of hospitals  

1. Name of hospital: __________________ 
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2. Position/responsibility of respondent _______________ 

3. Number of beds in the hospital: ______________________________________________ 

4. Average bed occupancy rate: ___________________Length of stay: ________________ 

5. Number of health professionals in the hospitals: ________________________________ 

a. Physicians: ________________  

i. Internists (sub-specialty on Infectious disease if any): ____________ 

ii.  Other specialists:  

iii. GPs:  

 Currently working at Outpatient departments  

b. Pharmacists: ________________ 

i. Clinical pharmacists: ________________ 

c. Laboratory technologists  

I. Microbiologists: ________________ 

d. Nurses: ________________ 

e. Others health professionals: ________________ 

6. How many full-time infection prevention staffs are employed at your facility? _________ 

7. If no to Q6, who is providing Infection prevention services including training?  

_________________________________________________________________________ 

8. Which professions are represented in the infection prevention practice 

- Physicians 

- Pharmacists 

- Microbiologist 

- Others: ____________________ 

9. Top ten infectious diseases that caused admission to the hospital: 

A.____________________________                                                             

B.____________________________ 

C. ___________________________                                                                                     

D.____________________________ 

E.____________________________ 

F.____________________________ 

G.____________________________ 

H. ___________________________ 

I. ____________________________ 

J. ____________________________ 

10. Top ten infectious diseases that caused death in the hospital (if any): 

A. _________________________                                                              

B.___________________________ 

C. ___________________________                                                                                      

D.___________________________ 
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E.___________________________ 

F.___________________________ 

G.___________________________ 

H.___________________________ 

I. ___________________________ 

J. ___________________________ 

11. Is there a formal procedure for all clinicians to review the appropriateness of all antibiotics 

within 48–72 hours of initial orders (e.g., antibiotic time out) 

☐ No                                       ☐ Yes 

If yes, list the specific wards, if any: 

_______________________________________________________ 

12. Does your facility have a system for review courses of therapy for specified antibiotic/s? 

 Yes                                          No 

13. If yes to question number 11 above, which staff member is responsible for the review and 

treatment change of specified antibiotic agents? (List all that applies) 

 

 Physician 

 Pharmacist 

 Both 

 Other (specify): _______________ 

14. Is there a system for intravenous to the oral conversion of antibiotics by the pharmacists? 

☐ No                                                               ☐ Yes 

15. Is there an antibiogram in your hospital? ____ Yes, _______No:   

If yes, how often do you update it? _________________________ 

16. Who manages your antibiogram review process, if any? __________________________ 

17. Does your hospital have a system in place to track antibiotic use trends? 

 Yes                                          No 

18. Does your hospital have a system in place to track resistance trends? 

 Yes                                          No  

19. If yes to Q16 and Q17, who is following trends in antibiotic use and resistance? 

_______________________________________ 

20. If yes to Q16 and Q17Does your facility tracks antibiotic consumption on paper or 

electronically?  

 Yes ( Paper             Electronically)                            No 
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21. Does your facility have order sets for any of the following indications? 

☐Urinary tract infection 

☐ Community-acquired pneumonia 

☐ Hospital-acquired pneumonia 

☐ Ventilator-associated pneumonia 

☐ Intra-abdominal infections 

☐ Skin and soft tissue infection 

☐ Sepsis 

☐ Surgical prophylaxis 

☐ Neutropenic fever 

☐ Other ______________________ 

22. Does your facility currently implement any antibiotic stewardship activities? 

 Yes                         No 

If yes, is there antibiotic stewardship team established in the hospitals?   

     Yes                  No 

23. If yes to Q 22, what are the strategies used for ASP (Preauthorization, prospective audit with 

feedback, IV to oral conversion, Any other): 

______________________________________________________________________ 

_______________________________________________________________________ 

24. Who is member of the antibiotic stewardship team?  (Please encircle your answer of choice) 

A. Physicians  

B. Pharmacist 

C. Infection Prevention   

D.  Epidemiologist 

E. Quality assurance 

F. Microbiologist  

G. Nursing 

H. Information Technology  

I. Others_____________________ 

______________________________

______________________ 

25. Does your facility have an infectious disease physician available for 24/7? 

 Yes                                     No 

26. Does your stewardship program monitor adherence to a documentation policy? 

 Yes                                  No                                       Unknown 

27. Is there formal discussion on effectiveness of the program among infection control staffs, 

pharmacists, physicians, and microbiology?  ____________yes ___________    No 

If yes, how often do infection control, pharmacy, and microbiology meet to discuss the 

effectiveness of the program? 
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 Monthly                                          Quarterly 

 Semiannually                                  Annually 

 Never                                              Other (please specify): ________________ 

28. Is there system for tracking antibiotic resistance pattern for common infections? 

          Yes                                        No 

29. What are the common target microorganisms and antibiotics for test? (List common ones)  

a) __________________ 

b) __________________ 

c) __________________ 

d) __________________ 

e) __________________  

f) __________________ 

g) __________________ 

h) __________________ 

i) __________________ 

j) __________________ 

k) __________________ 

30. Is your hospital currently ready to implement Antibiotic stewardship? If not yet started  

   Yes                                        No 

If yes, in which ward (wards) _______________________________________________ 

28. Why do you select the wards(s)? 

29. Which type and strategies of ASP do you recommend in your hospital? In which specific 

ward? Why? 
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Section 2: Core Elements of Hospital Antibiotic Stewardship Programs 

             Name of Facility: _____________________  

Name of person filled the form: __________________position ________________date completed   

Category                Questions  Yes No  NA 

 

Leadership 

support and 

commitment  

1. Does your facility have a formal, written statement of support from leadership that supports efforts to 

improve antibiotic use (antibiotic stewardship)? 
   

2. Does facility leadership provide stewardship program leader(s) dedicated time to manage the program and 

conduct daily stewardship interventions? 
   

3. Does facility leadership provide stewardship program leader(s) any budgeted financial support including 

for resources (e.g., IT support, training) to effectively operate the program? 
   

4. Does your facility demonstrate leadership support for antibiotic stewardship? If yes, indicate which of the 

following are in place (select all that apply) 
   

- Antibiotic stewardship duties are included in medical director, nursing and or pharmacy job description    

- Leadership monitors adherence to antibiotic stewardship policies    

- Antibiotic consumption and resistance data are reported in the quality assessment and assurance (QAA) 

meetings 
   

5. Does your antibiotic stewardship program have a senior executive that serves as a point of contact or 
―champion‖ to help ensure the program has resources and support to accomplish its mission? 

   

6. Do stewardship program leader(s) have regularly scheduled meetings with facility leadership and/or the 

hospital board to report and discuss stewardship activities, resources and outcomes? 
   

7. Does your facility leadership ensure that staff from key support departments and groups has sufficient 

time to contribute to stewardship activities? (Refer to Core Elements for key support staff) 
   

8. Does facility leadership ensure that antibiotic stewardship activities are integrated into other quality 

improvement and patient safety efforts, such as sepsis management and diagnostic stewardship? 
   

 

 

Accountability 

 

9. Does your facility have a leader or co-leaders responsible for program management and outcomes of 

stewardship activities? 
   

10. Is there a pharmacist or microbiologist or infectious disease specialist, leader responsible for working to 

improve antibiotic consumption for working to improve antibiotic use at your facility? 
   

-  If a non-physician is the leader of the program, does the facility have a designated physician who can 

serve as a point of contact and support for the non-physician leader? 
   

11. Does your facility have a pharmacist member/leader responsible for program outcomes of stewardship 

activities at your facility? 
   

12. Others    
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Drug Expertise 

 

13. Does your facility have a pharmacist(s) responsible for leading implementation efforts to improve 

antibiotic use? 
   

14. Do your pharmacist(s) leading implementation efforts have specific training and/or experience in 

antibiotic stewardship? 
   

15. Does your facility have access to individual(s) with antibiotic stewardship expertise?    

If yes, indicate who serves as your antibiotic stewardship expert (select all that apply) 
   

- Other staffs work with the stewardship teams to improve antibiotic use (Check all that applies) 

A. Infection Prevention and Healthcare Epidemiology 

B. Quality assurance 

C. Microbiology (Laboratory) 

D. Nursing 

E. Information Technology (IT) 
F. Other (please specify): _________________________________ 

   

Action: 

Implement 

Interventions 

to Improve 

Antibiotic Use 

 

 

16. Does your facility perform prospective audit and feedback for specific antibiotic agents?    

17. Does your facility perform preauthorization for specific antibiotic agents?    

18. Does your facility have facility-specific treatment recommendations, based on national guidelines and 

local pathogen susceptibilities, to assist with antibiotic selection for common clinical conditions? 
   

19. Does your facility have specific interventions (e.g., ensuring correct discharge duration of therapy) to 

ensure optimal use of antibiotics for treating the most common infections in most hospitals? 
   

If yes please list:     

20. Does your facility have specific interventions in place to ensure optimal use of antibiotics in specific 

infection/ disease situations? 
   

If yes please list:    

 21. Does your facility have a policy that requires prescribers to document in the medical record or during 

order entry a dose, duration and indication for all antibiotic prescriptions? 
   

 22. Does your facility have a formal procedure for all prescribers to conduct daily reviews of antibiotic 

selection until a definitive diagnosis and treatment duration are established (i.e., time out)? 
   

Action: 

Improve 

Antibiotic 

consumption 

23. Does your antibiotic stewardship program assess how often patients are discharged on the correct 

antibiotics for the recommended duration? 
   

24. Does your antibiotic stewardship program track antibiotic resistance?    

25. Does your facility have policies to improve antibiotic prescribing/use? If yes, indicate which policy is    
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 currently active (select all that apply) 

- All antibiotic orders must have dose, frequency, duration, and indication    

- Use of facility-specific algorithms to assess residents for suspected infections    

- Use of facility-specific algorithms to request diagnostic tests for specific infections    

- Use of facility-specific treatment recommendations for infections    

- Antibiotics are reviewed before being added to the medication formulary, if one exists    

- Other (please specify): _________________________________________________    

26. Does your facility implemented practices to improve antibiotic consumption? If yes, indicate which 

practices are currently in place (select all that apply) 
   

- Situation-Background-Assessment-Recommendation (SBAR) are used when patients are suspected 

having infection 
   

- Antibiotic consumption information is communicated/received when patients are transferred to/from other 

healthcare facilities 
   

- Reports summarizing antibiotic susceptibility patterns (e.g., antibiogram) are available and updated 

periodically 
   

- Antibiotic reviews/time-outs are performed for antibiotic orders    

- At least one infection-specific intervention to improve antibiotic consumption has been successfully 

implemented. If yes, indicate for which infection(s):   
   

Action: 

Tracking 

Antibiotic Use 

and Outcomes 

 

 

27. Does your antibiotic stewardship program track antibiotic use?    

28. Does your antibiotic stewardship program monitor prospective audit and feedback interventions by 

tracking the types of interventions and acceptance of recommendations? 
   

29. Does your antibiotic stewardship program monitor preauthorization interventions by tracking which 

agents are being requested for which conditions? 
   

30. Does your stewardship program monitor adherence to facility specific treatment recommendations?    

31. Does your stewardship program monitor adherence to a documentation policy (dose, duration and 

indication)? 
   

32. Does your antibiotic stewardship program monitor the performance of antibiotic timeouts to see how 
often these are being done and if opportunities to improve use are being acted on during timeouts? 

   

33. Does your antibiotic stewardship program routinely perform medication use evaluations to assess courses 

of therapy for select antibiotics and/or infections to identify opportunities to improve use? 
   

34. Does your antibiotic stewardship program routinely perform medication use evaluations 

to assess courses of therapy for select antibiotics and/or infections to identify opportunities to improve 
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use? 

35. Does your antibiotic stewardship program assess how often patients are discharged on the correct 

antibiotics for the recommended duration? 
   

36. Does pharmacist/s support antibiotic stewardship activities? 
If yes, indicate activities performed by the pharmacist (select all that apply) 

   

- Review’s antibiotic appropriateness based on agent selected, dosing regimen, duration of therapy and 

indication 
   

- Establishes standards for clinical/laboratory monitoring for antibiotic-associated adverse drug events    

- Review’s microbiology culture data to assess and guide antibiotic selection    

37. Does your facility monitor one or more measures of antibiotic consumption? If yes, indicate which of the 

following are being tracked (select all that apply) 
   

- Adherence to clinical assessment documentation (including signs/symptoms, vital signs, physical exam 

findings) 
   

- Adherence to include dose, frequency, duration and indication for antibiotic orders    

- Adherence to facility-specific treatment recommendations for infections    

- Point prevalence of antibiotic consumption (e.g., proportion of residents on antibiotic over a given time 

period) 
   

- Other (please specify):    

38. Does your facility monitor one or more outcomes of antibiotic consumption? 

If yes, indicate which of the following are being tracked (select all that apply) 
   

- Rates of antibiotic-resistant micro-organisms      

- Rates of antibiotic-associated adverse drug events    

- Other (please specify):    

Reporting 

Antibiotic Use 

and Outcomes 

 

39. Does your antibiotic stewardship program share facility and/or individual prescriber-specific reports on 

antibiotic use with prescribers? 

If yes, indicate which of the following are being shared (select all that apply) 

   

- Measures of antibiotic consumption at the facility    

- Personalized feedback on antibiotic prescribing practices (shared only with individual clinical providers)    

Other (please specify):      

40. Does your antibiotic stewardship program report adherence to treatment recommendations to prescribers 

(e.g., results from medication use evaluations, etc.)? 
   

41. Has your facility distributed a current antibiogram to prescribers within 18-24 months?     
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Education 

 

42. Does your stewardship program provide education to prescribers and other relevant staff on optimal 

prescribing, adverse reactions from antibiotics, and antibiotic resistance? 
   

43. Does your stewardship program provide education to prescribers as part of the prospective audit and 

feedback process (sometimes called ―handshake stewardship‖)? 
   

44. Does your stewardship program provide educational resources/materials on antibiotic resistance and 

opportunity to improve antibiotic consumption?  

If yes, indicate which of the following group is provided these educational resources/materials (select all 

that apply) 

   

Physicians     

Pharmacists    

Nursing staff      

Other (please specify):    

a. What is the scope and scope of education on ASP? (Observe and record the scope of training)     

Additional 

Questions on 

Antibiotic 

Stewardship 

Challenges 

 

45. Are there areas of antibiotic misuse in your facility?  

If yes, answer one of the following questions 
   

- ASP can help address misuse (If stewardship program has not been established)    

- More ASP efforts are needed to address misuse (If stewardship program has been established)    

46. Are there barriers to starting the ASP?       

If yes, list the top three barriers hindering initiation or improvement of the ASP    

Which type and strategies of ASP do you recommend in your hospital? In which specific wards? Why?    
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Annex III. Knowledge and attitude survey 

1. Healthcare professional’s pre-intervention perception survey in the hospitals 

This survey is designed to be administered pre- and post-intervention to health professionals and 

managers. It asks for your perceptions about antibiotic resistance (AMR) and ASPs. The findings 

of this survey will be used as input for developing an effective ASP in the hospital. It will take 

you about 10 to 15 minutes to complete. Your honest response is essential. If you do not wish to 

answer a question, or if a question does not apply to you, you may answer n/a. Please indicate 

your level of agreement with the statements about your institution on the questions indicated in 

the table. 

A. ANTIBIOTIC RESISTANCE: SCOPE OF THE PROBLEM AND KEY CONTRIBUTORS 

Please indicate your agreement or disagreement with the following statements by encircling ONE number on 

the provided scales: 1= Strongly Disagree; 2= disagree; 3=Neutral; 4= Agree; 5= Strongly Agree. If you 

don’t feel that you have the knowledge to rate the item, please tick mark (√) on the “n/a" column. 

                              Items Your Level of 

Agreement 

101.  Antibiotic resistance is a significant problem worldwide 1 2 3 4 5 n/a 

102.  Antibiotic resistance is a significant problem in my country 1 2 3 4 5  

103.  Antibiotic resistance is a significant problem in my hospital 1 2 3 4 5  

104.  Antibiotic resistance is a problem in my daily practice 1 2 3 4 5  

105.  Inappropriate consumption of antibiotics is a major cause of antibiotic 

resistance in this hospital 
1 2 3 4 5 

 

106.  The easy access to antibiotics without a prescription in Ethiopia contributes 

to antibiotic resistance 
1 2 3 4 5 

 

107.  The prescription of broad-spectrum antibiotics is directly linked to antibiotic 
resistance in this hospital  

1 2 3 4 5 
 

108.  This hospital performs adequate surveillance for drug-resistant organisms  1 2 3 4 5  

109.  The lack of adequate diagnostic tests in this hospital leads to overuse of 

antibiotics 
1 2 3 4 5 

 

110.  This hospital provides adequate staff education regarding antibiotic 

consumption and resistance 
1 2 3 4 5 

 

111.  A patient is likely to develop drug-resistant infection during their hospital 

stay at this hospital 
1 2 3 4 5 

 

112.  I suspect that antibiotics available in my hospital are of poor quality and 

might not be effective 
1 2 3 4 5 

 

113.  My choice of antibiotics is often influenced by the availability of the 

antibiotics rather than by the local antibiogram or by the etiologic cause of 

disease (availability of laboratory results) 

1 2 3 4 5 

 

114.  The sporadic supply of antibiotics in my hospital leads to interruptions of 

therapy thereby contributing to antibiotic resistance 
1 2 3 4 5 
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115.  The lack of close clinical follow-up during antibiotic consumption in my 

hospital contributes to antibiotic resistance 
1 2 3 4 5 

 

116.  Patient demands and expectations contribute to overuse of antibiotics in this 

hospital 
1 2 3 4 5 

 

117.  Cost considerations for the patient affects my choice of antibiotics 1 2 3 4 5  

118.  Poor infection control practices by health professionals significantly 

contributes to the spread of antibiotic resistance in this hospital 
1 2 3 4 5 

 

119.  Adherence to hand-hygiene protocols is acceptable at this hospital 1 2 3 4 5  

120.  Patient rooms and equipment are cleaned appropriately as per hospital 

cleaning protocol once a patient carrying a drug-resistant organism (DRO) 

has been discharged from this hospital 

1 2 3 4 5 

 

121.  I think a very high proportion (>30%) of gram-negative infections are highly 

drug- resistant in this hospital (resistant to all cephalosporins, and some are 

even resistant to carbapenems) 
1 2 3 4 5 

 

122.  I think a very high proportion (>30%) of Staphylococcal infections are 

resistant b 0020to methicillin (MRSA) in this hospital  1 2 3 4 5 
 

B. ANTIBIOTIC PRESCRIBING/DISPENSING PRACTICES 

123.  Microbiology lab results are timely communicated to the health 
professionals in this hospital 

1 2 3 4 5 n/a 

124.  I regularly refer to/consider the antibiotic susceptibility patterns at this 

hospital (institutional antibiogram) when empirically prescribing or 

recommending antibiotics 

1 2 3 4 5  

125.  If medically appropriate, I routinely try to step down intravenous antibiotics 

to an oral alternative antibiotic after about three days 
1 2 3 4 5  

126.  If medically appropriate, I routinely try to step down broad-spectrum 

antibiotics to a narrow-spectrum antibiotic after about three days  
1 2 3 4 5  

127.  
Restrictions on antibiotics could impair my ability to provide good patient 

care 
1 2 3 4 5  

128.  I routinely prescribe/recommend very broad-spectrum antibiotics 
empirically because I believe most patients are infected with a drug-

resistant organism  

1 2 3 4 5  

129.  I routinely prescribe/recommend very broad-spectrum antibiotics 

empirically because microbiology lab results are not available in a timely 
fashion 

1 2 3 4 5  

130.  I routinely check microbiology laboratory results to guide my choice of 

antibiotics  
1 2 3 4 5  

131.  In the past seven days, I have prescribed broad spectrum antibiotics for 

longer than 3 days for fewer than 10% of my patients;   
1 2 3 4 5  

132.  In the past seven days, I have prescribed broad spectrum antibiotics for 

longer than 3 days for 10-50% of my patients 
1 2 3 4 5  

133.  In the past seven days, I have prescribed broad spectrum antibiotics for 

longer than 3 days for more than 50% of my patients 
1 2 3 4 5  

C. ASPS (ASP) 

(A formal multidisciplinary program that monitors and manages the appropriate use of 

antibiotics) 
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134.  ASPs (ASP) improve quality of patient care 1 2 3 4 5 n/a 

135.  ASP reduces overall antibiotic consumption and can result in cost savings 1 2 3 4 5  

136.  ASP reduces duration of hospital stay and associated costs 1 2 3 4 5  

137.  ASP reduce the problem of antibiotic resistance 1 2 3 4 5  

138.  ASP has impact on an institution’s nosocomial infection rates 1 2 3 4 5  

139.  This hospital has the capacity to establish and implement an effective ASP 1 2 3 4 5  

140.  My individual efforts in antibiotic stewardship can significantly impact this 

hospital’s antibiotic resistance problem 
1 2 3 4 5  

141.  I would like to receive more feedback on my antibiotic selections 1 2 3 4 5  

142.  ASPs can be an obstacle to good patient care 1 2 3 4 5  

143.  ASPs override prescribers’ decision autonomy  1 2 3 4 5  

144.  I do not have enough time to further invest into ASP 1 2 3 4 5  

145.   Infectious diseases experts that can provide guidance in antibiotic selection 

and prescription are available in this hospital  
1 2 3 4 5  

146.  Additional staff education on antibiotic prescribing and use is needed in this 

hospital 
1 2 3 4 5  

147.  Prescribing physicians are the only professionals who need to understand 

antibiotic stewardship 
1 2 3 4 5  

148.  Pharmacists with sufficient training to provide guidance on antibiotics (ex. 

Antibiotic switches, IV to PO step-down, renal dose adjustments) are 

available in this hospital 

1 2 3 4 5  

149.  Implementation of electronic medical recording (e.g., receiving results 

electronically) can improve effect of ASP 
1 2 3 4 5  

D. Beliefs on Suggested Potential Solutions for Preventing Antibiotic Resistance  

Please indicate your perception of the potential of suggested solution to reduce AMR by encircling ONLY 

ONE number on the provided scale: 1= Probably or definitively ineffective (Not useful); 2= Unsure; 3= 

Probably or definitively effective 

Suggested Solutions to Reduce Antibiotic Resistance  Agreement  

301.  Education on antibiotic therapy to medical and pharmacy staff 1 2 3 

302.  Develop new institutional guidelines for empiric antibiotic use 1 2 3 

303.  Access to institution-specific antibiogram to treating teams 1 2 3 

304.  Implementation of prospective audit and feedback (multidisciplinary rounds on 

appropriate prescribing and use of antibiotics) 

1 2 3 

305.  Active involvement of hospital infection prevention and control team 1 2 3 

306.  Antibiotic cycling intervention (e.g., scheduled rotation of 3rd or 4th generation 

cephalosporins with carbapenems and piperacillin-tazobactam for pre-determined time 

periods) 

1 2 3 

307.  Antibiotic restriction intervention (certain antibiotics cannot be prescribed without 

infectious disease specialist approval for restricted antibiotics) 

1 2 3 
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E. Background Information of Respondents 

Socio-demographic Questions            Response 

401.  Age in years __________ years 

402.  Gender Male              

403.  What is your primary work area or unit in 

this hospital? (Please check ONE answer) 

Medicine (non-surgical)   Surgery      

rds) 

  

Other (please specify): ________________           

404.  What is your staff position in this hospital?  Consultant physician or attending staff        

    

 

specify): ________ 

405.  How long have you worked in this hospital?  ______________years; _________months 

406.  How long have you worked in your current 

specialty or profession?  

______________years; _________months 

407.  How many patients do you treat on average, 

per week (provide your best estimate) 

  __________ patients/week 

408.  How many of your patients do get antibiotic 

prescription, per week (provide your best 

estimate)  

__________ patients/week 

Is there anything you would like share with us? Please write it in the space provided. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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2. Survey of GPs’ and residents’ knowledge, attitudes and behaviors on antibiotic 

prescribing in the Hospitals  

This survey is designed to be administered GPs working in the OPDs of in the hospitals. It asks for 

your perceptions about antibiotic prescribing and antibiotic resistance (AMR). The findings of this 

survey will be used as input for developing an effective antibiotic stewardship in the hospital. It will 

take you about 15 minutes to complete. Your honest response is essential. Please indicate your level of 

agreement with the statements about your institution on the questions indicated in the table. Your 

personal information would be confidential and the responses were only used for academic research 

purpose only. Please feel free and provide us genuine information.  Thanks very much for your 

participation.  

Name of institution_____________________________________________ 

 

Part 1: Attitudes 

Please note that this part of the questions does not have the correct answer; please fill in them 

according to your personal opinion situation. 

 To what extent you agree with the following statements Very 

agree 

Agree Neutral Disagree Very 

Disagr

ee 

1.  In OPDs, microbiology results are useful when treating 

infectious diseases 

     

2.  Prescription of antibiotic to a patient does not influence the 
development of resistance 

     

3.  Overuse of antibiotics contributes to generation of antibiotic 

resistance 

     

4.  Prescribing antibiotics to patients does not cause damage 

even they are not indicated 

     

5.  Over-prescribing of antibiotics contributes to generation of 

antibiotic resistance 

     

6.  Irrational use of broad-spectrum antibiotic contributes to 

generation of antibiotic resistance 

     

7.  Antibiotics prescribed which are not selected based on the 

specific bacteria contributes to generation of antibiotic 
resistance 

     

8.  In OPDs, diagnosis is mainly based on symptoms since 

bacterial laboratory and antibiotic susceptibility test were 

inaccessible  

     

9.  I need rapid and effective diagnostic techniques for 

diagnosis of infectious diseases 
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10.  One of main causes for emergence of antibiotic resistance is 

patients’ misuse of antibiotics 

     

11.  Dispensing antibiotics without a prescription should be more 

closely controlled 

     

12.  Patients were satisfactory with my treatment, so I do not 

need to change my antibiotic prescribing pattern  

     

13.  My patients and colleagues do not think I that I am over-

prescribing antibiotics, so I do not need to change my 

antibiotic prescribing pattern  

     

14.  My antibiotic prescription is rational so I do not need to 

change my antibiotic prescribing pattern  

     

Please tick the appropriate option in the blank space below Always Often Sometimes Rarely Never 

15.  I ____ prescribe antibiotic since patients expect it      

16.  I ____ prescribe antibiotic since patients require and insist on 

it 

     

17.  I ____ prescribe antibiotic to satisfy patients      

18.  I ____ prescribe antibiotic to make patients continue to trust 
me 

     

19.  Even when I know that they are not indicated, I ____ 

prescribe antibiotic since patients expect it 

     

20.  Even when I know that they are not indicated, I ____ 

prescribe antibiotic since patients ask for it 

     

21.  Even when I know that they are not indicated, I ____ 

prescribe antibiotic since patients enforce me to prescribe it  

     

22.  Even when I know that they are not indicated, I ______ 

prescribe antibiotics since I do not have time to explain the 

reason to the patient why they are not indicated  

     

23.  I ____ prescribe antibiotic since I fear patient deterioration      

24.  I ____ prescribe antibiotic since it is impossible to track the 

patient accurately 

     

25.  I ____ prescribe antibiotic to avoid possible patient 

complaints or medico-legal problems 

     

26.  I ____ prescribe antibiotics to avoid being perceived as doing 

nothing for patients 

     

27.  I ____ prescribe antibiotic to avoid losing patients      

Part 2: Behaviors 

Please note that this part of the questions does not have the correct answer; please fill in them 

according to your personal situation / attitude. 

28.  Given 10 patients with URTIs, how many patients of them would you prescribe antibiotics to? 

□0      □1      □2      □3      □4     □5      □6      □7      □8      □9      □10 

 To what extent you agree with the following 
statements 

Very 

agree 

Agree Neutral Disagree Very 

Disagree 

29.  I want to reduce antibiotic consumption in      
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outpatients 

30.  I expect to reduce antibiotic consumption for in 

outpatients 

     

31.  I plan to reduce antibiotic consumption in 

outpatients 

     

32.  I want to prescribe antibiotics to outpatients      

33.  I expect to prescribe antibiotics to outpatients      

34.  I plan to prescribe antibiotics to outpatients      

Part 3: Knowledge 

Please note that this part of the questions only has one correct answer 

35. A 4-year-old girl has diarrhea for 4 days (3 stools/day). She has no fever at examination nor 

during the last few days. Which treatment do you propose? 

a. Amoxicillin p.o.    

b. TMP/SMX p.o.    

c. Amoxicillin-clavulanic acid p.o.    

d. No antibiotic treatment, only oral 

rehydration;    

e. I don’t know 

36. A 6-year-old child has a fever of 38°C, purulent rhinitis and angina for two days. At 

inspection, the throat is reddish. Which treatment do you recommend? 

a. TMP/SMX p.o.       

b.Amoxicillin p.o.     

c. Amoxicillin-clavulanic acid p.o.      

d.No antibiotic               

e. I don’t know 

37. During your ward round, you see two patients with severe renal failure. Patient A is a 68-

year-old man suffering from serious cellulitis at the leg, he is treated with clindamycin. Patient B 

is a 64-year-olddiabetic woman which is blindly (empirically) treated for septicemia with 

ceftriaxone. Dosage reduction is needed for: 

a. Patient A                   

b. Patient B    

c. Both patients  

d. In neither patient A nor patient B   

e. I don’t know 

38. Which one of the following antibiotics is safe during pregnancy? 

a. Amoxicillin                          

b. Ciprofloxacin  

b. Gentamicin               

c. I don’t know 

39. Which one of the following antibiotics has the best activity against anaerobes?    

a. Ciprofloxacin       

b. Metronidazole  

c. Cotrimoxazole       

d. I don’t know 
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40. Methicillin resistant - Staphylococcus aurous is susceptible to:  

a. Amoxicillin-clavulanic acid    

b. Cefotaxime   

c. Ceftriaxone     

d. None of those antibiotics   

e. I don’t know 

41. Which one of the following antibiotics most effectively crosses the blood-brain barrier? 

a. Clindamycin    

b. Ceftriaxone   

c. Vancomycin   

d. I don’t know 

42. Aminoglycosides such as gentamicin are very active if they are administered as follows: 

a. Orally three times daily   

b. Parenteral once daily  

c. Parenteral three times daily  

d. I don’t know 

43. In case of having respiratory infectious symptoms, when does the child need antibiotic? 

a. Cough, stuffy nose or runny nose without fever     

b. Cough, stuffy nose or runny nose with fever 

c. Including one of the following symptoms: fast breathing, chest in-drawing or stridor 

d. Both b) and c)    

e. I don’t know 

44. Which of the following statements is correct? 

a. Antibiotics are helpful in treating URTIs  

b. Antibiotics reduce the duration of URTIs 

c. Antibiotics can reduce the occurrence of complications of URTIs    

d. None of the above  

e. I don’t know 

45. According to international recommendations, the average number of prescriptions containing 

antibiotics per 100 should be _____ in a primary care facility (one prescription per patient)? 

a. Below 30  

b. 30 – 50  

c. 50 – 70  

d. Above 70  

e. I don’t know 



 

 
 

Part 4: Background Information of Respondents 

Socio-demographic Questions            Response 

401.  Age in years __________ years 

402.  Gender Male              Female 

403.  What is your primary work area or unit in 

this hospital? (Please check ONE answer) 

Medicine (non-surgical)   Surgery     Pediatrics                             

Gynecology/Obstetrics      Rotation (among wards) 

Emergency (ED)               Other (please specify): 

________________           

404.  What is your staff position in this hospital?  Consultant physician or attending staff   Fellow 

(postgraduate) physician   

 Medical student                                            Resident 

physician/Intern     

Other (please specify): ________ 

405.  How long have you worked in this hospital?  ______________years; _________months 

406.  How long have you worked in your current 

profession?  

______________years; _________months 

407.  How many patients do you treat on average, 

per week (provide your best estimate) 

  __________ patients/week 

408.  How many of your patients do get antibiotic 

prescription, per week (provide your best 

estimate)  

__________ patients/week 

409.  Additional Education/training if any  

410.  Whether received training on antibiotics use 

and resistance in the last year 

□Yes     □No/I don’t know 

Is there anything you would like share with us? Please write it in the space provided. 

______________________________________________________________________________

______________________________________________________________________________ 

 

 

 

 

 

 


