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Introduction
Antimicrobial resistance (AMR) is a global threat

• To health: 4.95 million deaths associated with bacterial AMR a year1 

• To economy: US$28.9 billion/year to treat complications caused by AMR2

Low- and middle-income countries (LMICs) are particularly vulnerable

• Difficulty quantifying burden due to lack of surveillance infrastructure3

• In South Africa, 50% rise in antimicrobial consumption from 2019 to 20224 

Antimicrobial stewardship programs (ASPs) are key to reduce the burden5

• Existing 2017-2024 Guidelines in South Africa, however still rising AMR6

• Innovation in digital/mobile ASPs – facilitates clinical practice and collection 

of surveillance data, time and (potentially) cost-saving as compared to current 

ward-based programs

Research gap: cost-effectiveness analysis of digital ASPs

• Key for resource allocation, particularly in resource-limited LMICs.
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Population Patients attending district hospitals in the chosen LMIC (e.g., 

South Africa) with suspected infectious disease 

Intervention Mobile ASP application for healthcare workers 

Comparators (1) Current standard-of-care (2) Ward-based ASPs

Outcomes Incorrect prescriptions averted
Disability adjusted life years (DALYs) averted 

Model Dynamics: 

• Four health states: ‘no infection’; ‘antimicrobial susceptible infection (AMS)’; 

‘antimicrobial resistant infection (AMR)’ and ‘death’ 

• All patients begin in ‘no infection’ state

• Patients may remain in ‘no infection’, or transition to ‘AMS’ or ‘AMR’ states

• After one cycle in ‘AMS’ or ‘AMR’ state (tunnel states), patients return to ‘no 

infection’ state 

• Patients can move from ‘no infection’, ‘AMS’ or ‘AMR’ states to ‘death’ 

(absorption) state

Transition Probabilities: 

• Sourced from Global Burden of Disease study1,7 and relevant literature from 

the chosen LMIC (e.g., National Surveillance Guidelines South Africa)8

• In the intervention arm, probabilities change annually due to the effect of 

ASPs in reducing AMR burden over time9

Utilities: Country-specific AMS and AMR DALYs from Global Burden of 

Disease Study7,10 

Costs: 

• Treatment Costs: Antimicrobials per disease episode; Hospital admissions

• Program Costs: Specific to the interventions under evaluation

- Ward-based ASP: Program development; ward rounds; audits

- Digital ASP: Mobile application development and maintenance; 

healthcare worker online-consultations; audits

Model Outputs: 

• Incremental cost-effective ratio (ICER) in DALYs averted for digital ASP 

compared to ward-based ASP and standard-of-care

• Compare ICER to chosen country’s willingness-to-pay threshold

Evaluation of Markov Modelling Approach: 

✓ Shows impact of ASPs over time; comparable outcome measure

X Challenges in data availability; requires several assumptions (e.g., 

extrapolations of program efficacy from other countries and from other 

similar interventions)

Objective
To develop a framework for determining the cost-effectiveness of 

antimicrobial stewardship programs in low-middle income settings, through 

building a cost-effectiveness model for implementing digital antimicrobial 

stewardship programs at district hospitals in South Africa.

Approach 2: Markov Model

Antimicrobial resistance increases patients’ health burden (more severe 

disease with higher fatality) compared to antimicrobial sensitive infections. 

Through improving prescribing practices, ASPs reduce the development of 

resistance over time. 

Thus, Markov model allows evaluation of the impact of ASPs on antimicrobial 

resistance burden over time. 

Model Characteristics: Provider perspective with life-time horizon; 

3-month cycle length, based on the average number of infectious diseases 

per person per year and the length of infectious disease. 

Intended Impact
• In the reference case for digital ASPs in South Africa, both the decision-

tree and Markov models provide useful output measures to decision-

makers to determine cost-effectiveness of the intervention. 

• Provided sufficient data is available to limit assumptions, the Markov 

model is preferred, as it produces a more comparable outcome measure. 

• The frameworks proposed can be applied to evaluating ASPs in other 

LMIC settings

Quantifying the costs and benefits of ASPs, using the following outline:  

Methods

Approach 1: Decision Tree Model
Clinical ASPs aim to reduce AMR through improving prescribing practices. 

Use of a simple decision-tree model to determine the costs of the ASP 

(treatment and program costs) and associated benefits (percentage of 

incorrect prescriptions averted)

Evaluation of Decision Tree Modelling Approach: 

✓ Good data availability, Minimizes assumptions: more reliable outputs 

X Outcome of incorrect prescriptions averted is less comparable for 

decision-makers, does not consider time (an important factor in the 

development of resistance)

Figure 1: Decision Tree Model                    
  

Figure 2: Markov Model                      
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