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Abstract 

Background

The majority of countries (88%) have an Antimicrobial Resistance 
(AMR) National Action Plan (NAP V.1.0), but many remain 
unimplemented, and lack funding for interventions. Intervention 
selection requires a systematic approach to explain and predict 
progress. Looking beyond AMR is important to ensure the capture of 
systemic factors at the country level, which can impede or accelerate 
success.

Aim

To provide innovative policy analysis to allow country comparison and 
refine targeted action, while developing and implementing NAPs 
(V.2.0).

Methods
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Mixed-method multi-country case study of policies and 
implementation strategies to address AMR across One Health. 
Starting with 17 countries, the sample includes each WHO region and 
emerging economies.

This investigation of structures, processes, and outcomes has three 
components:

a. Textual analysis of peer-reviewed literature, policy documents, 
global, national and state level progress reports, validated by global 
and in-country experts. An all-language article search conducted for 
2000-2024, using broad search terms: ‘Antimicrobial resistance 
policies’, ‘national action plan’, ‘surveillance’, ‘AMR systems’ 
supplemented by hand searches. Deductive analysis using multi-
disciplinary frameworks including the Expert Consensus for 
Implementation Research (ERIC).

b. Longitudinal quantitative analysis assessing country contextual 
determinants and Antimicrobial Use (AMU) and AMR outcomes. Data 
from global health indicator repositories and international and 
national AMU and AMR surveillance networks are analysed using 
econometrics and machine learning approaches.

c. Interactive Tableau dashboard development to display insights 
from a & b to allow visualisation and comparison of case-country AMR 
intervention context and components.

Discussion

This protocol provides a systematic, transparent approach for 
countries to benchmark their own AMR strategies. The interactive 
dashboard will allow comparisons between country clusters by 
geography or economy, and enable rapid knowledge mobilisation 
among strategic and operational stakeholders including policy makers 
and planners. This protocol facilitates others to perform this 
structured assessment and nominate their country for the next wave 
of analysis.

Plain Language Summary  
Antimicrobial Resistance (AMR) is when microbes become resistant to 
the drugs (antimicrobials) used to treat them. As this poses a growing 
problem to society, many countries have developed a National Action 
Plan (NAP) to outline their strategies to address this problem of AMR. 
There is limited funding to carry forward the plans, and limited 
knowledge of which strategies are the most effective. We therefore, 
need a better understanding of why some countries are more 
successful than others in using antimicrobials only when needed and 
reducing infections that are non-treatable by antimicrobials. Our 
study aims to create a standardised approach for evaluating AMR 
NAPs through policy analysis as well as developing a tool to enable 
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countries to compare performance and promote knowledge sharing. 
The investigation has three components: a. Text analysis of the 
existing literature and policies from multiple countries, b. Data 
analysis of the factors within countries that affect the use of 
antimicrobials and the development of AMR, c. Developing a tool to 
visualise and compare country data on AMR interventions.  
 
This will enable the creation of a method for countries to better 
understand their AMR situation, compare strategies and use 
resources most effectively.

Keywords 
‘Antimicrobial resistance policies’, ‘national action plan’, ‘surveillance’, 
‘Health systems’
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Introduction
The majority of countries (88%) have developed a National 
Action Plan (NAP version 1.0) in response to the launch of the 
World Health Organization’s Global Action Plan (WHO, 2015) 
(TrACSS, 2024) and many are developing the next NAP ver-
sions, while the burden of Antimicrobial Resistance (AMR)  
(Murray et al., 2022) remains unabated. While policy forma-
tion is important and legitimises a cause, many NAPs remain 
to be implemented, and fewer (11%) have associated funding 
for agreed activities (TrACSS, 2024). Assessing country-level 
implementation strategies against the compendium of avail-
able options can help explain, and potentially predict progress 
(Murray et al., 2022; WHO, 2019b). Mechanisms for ensuring 
that the evolving evidence base is used to refine policies 
at the national and local levels are not well established and  
policy planning processes are usually not agile enough to 
respond to such evidence (Charani et al., 2021; Charani 
et al., 2023; WHO, 2021). For most effective policy plan-
ning and implementation, we additionally need to learn from 
previous and concurrent global health challenges includ-
ing successes, reasons for stagnation, and failures. Looking  
beyond AMR is important so that we do not re-invent solutions  
and ensure that we capture systemic factors at the country  
level, which can impede or accelerate success. This approach 
is also important due to the co-dependence between AMR and 
the Sustainable Development Goals (SDGs) (Jasovský et al.,  
2016). Examples for learning include but are not limited  
to: other infectious diseases (such as TB, HIV/AIDS), mental 
health, and climate change (Pitchforth et al., 2022). Epidemics  

and pandemics (Ebola, COVID) are another obvious source 
of learning (Ahmad et al., 2021; Pitchforth et al., 2022; Zhu  
et al., 2021).

Evidence needs to be timely and needs to make sense to 
technical experts as well as wider decision-makers, and to 
ensure that the ‘value proposition’ is clear from scientific,  
economic, political, and sociological perspectives (Birgand 
et al., 2022; Greenhalgh et al., 2017). There are a wide range 
of perspectives which can be used to frame global AMR but 
at the national level this may need to be reframed in order to  
mobilise actions (Khurana et al., 2023).

There is a need to explore innovative approaches to policy 
development and implementation to address AMR which could 
be useful and generalisable across countries. Resources and  
other contextual factors are important to consider, and there 
may be other ways to cluster countries to enhance compara-
tive learning, aside from high, middle, and low-income groups  
(Cocker et al., 2024; Mounier-Jack et al., 2017). There needs 
to be theoretically sound, multidisciplinary analysis, which 
looks at process, determinants, and outcomes at country level 
and where results are validated by global and in-country  
experts to ensure relevance to context.

The current research addresses priority questions highlighted 
by the high level United National General Assembly (UNGA,  
2024). Specifically, What strategies can countries employ 
to leverage domestic resources effectively and sufficiently to  
address AMR across sectors, especially where there are com-
peting development priorities? How can we ensure that AMR  
NAPs are costed, budgeted, and monitored? What strategies 
can be employed to enhance collaboration and coordination  
across sectors in countries for AMR response? How do we 
ensure the private sector is engaged and committed? Which  
countries are likely to work together in tackling AMR  
burden? Which countries have similar approaches in tackling 
AMR? What lessons have been learned from the imple-
mentation of the Global Action Plan on AMR over the past 
nine years? And how can the Global Action Plan be further 
strengthened? (United Nations General Assembly (UNGA),  
2024).

A recent Lancet series on AMR provides key evidence on 
interventions and investments to inform decision making to 
achieve sustainable access to effective antibiotics and acceler-
ate progress in addressing AMR, as well as proposing achievable  
global targets in humans and animals for 2030. There is con-
sensus (The Lancet, 2024) that the high overall burden of 
bacterial infection and AMR is a symptom of global health  
inequities that are not addressable unless the agenda is re-
focused on low and middle as well as high-income countries. 
Robust evidence of impact of preventative approaches including 
access to safe drinking water, effective sanitation, vaccination,  
and infection and prevention control in healthcare facilities 
shows that these interventions could prevent more than 750,000 
deaths associated with bacterial AMR each year in lower mid-
dle income countries (LMICs), with additional health and  
societal benefits (Patel et al., 2023; The Lancet, 2024).

          Amendments from Version 1
In response to the feedback from the reviewers, we have made 
the following revisions to the manuscript. The most recent data 
for countries with a National Action Plan for AMR has been used. 
More explicit framing of the research within a One Health context 
and how this will be conducted in phases. Additionally, we have 
expanded the range of search terms to more comprehensively 
capture the scope of One Health and AMR-related interventions. 
The longitudinal analysis section has also been enhanced to 
provide greater methodological detail, the key additional details 
are: 1. the use of HIV/AIDS prevalence as an outcome variable for 
model training and development, conducted in parallel with AMU 
and AMR data collection; 2. Methodological approaches used 
to quantify the potential association between the contextual 
and intervention determinants and AMU / AMR levels, including 
beta regression, Extreme Bound Analysis (EBA), Bayesian Model 
Averaging (BMA), and Bayesian networks, to improve the overall 
confidence in the modelling outputs. EBA quantifies the extent 
to which the estimated impact of a determinant on the model 
outcome remains valid. BMA addresses model uncertainty by 
averaging over a set of plausible models rather than selecting 
a single best model to provide holistic estimates compared to a 
single model. For instance, if a selected linear regression model 
suggests that increasing current health expenditure (CHE) by 
1% would decrease the level of AMR by 15% (the estimated 
coefficient of the variable CHE predicted by this model is -0.15), 
the EBA predicts whether this -0.15 coefficient can still hold if the 
variable CHE has more extreme values, and the BMA will estimate 
the averaged coefficient of CHE of all plausible models.

Any further responses from the reviewers can be found at 
the end of the article

REVISED
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From a health systems perspective, AMR-specific and AMR-
sensitive activities need to be assessed to ensure that resources 
are effectively deployed and that monitoring of unintended 
consequences is in place. Many existing wider public health  
interventions have huge potential to reduce the spread of 
AMR if they are more broadly implemented. The rising resist-
ance to first-line treatments poses a major risk to the success 
of HIV, TB and malaria programmes, so preventing AMR is  
already key to wider health outcomes (Jasovský et al., 2016; 
Majumder et al., 2020). There are lessons to be learned, 
and scope to build on the practical experiences of these pro-
grammes. Integrating approaches with existing programmes 
may result in efficiencies and more sustainable systems (WHO,  
2019a).

The aim of this research is to provide innovative, systematic  
and comprehensive policy analysis to allow countries to  
compare, refine, and operationalise targeted action to address  
AMR, while developing and implementing AMR NAPs  
(version 2.0). Looking beyond AMR is important to ensure  
capture of systemic factors at the country level, which can  
impede or accelerate success.

This protocol follows the quality criteria for methods set by 
the Integrated Quality Criteria for Review of Multiple Study 
Designs (ICROMS), see Data Availability section (Zingg  
et al., 2016).

Methods
This mixed-method multi-country case study will pro-
vide a systematic, comprehensive, and comparable situation  
analysis of policies and implementation strategies employed  
to address AMR at country level across One Health (OH).

This investigation of relevant structures, processes, and out-
comes at country level, has three components (Figure 1)  
including a. Textual qualitative analysis to identify and code 
interventions for addressing AMR b. Longitudinal quantitative  
analysis of contextual determinants and outcomes; specifically,  
antimicrobial use (AMU) and AMR burden c. Interactive dash-
board development to allow visualisation and comparison of 
context and components of AMR interventions in the case  
countries.

a. Textual analysis
A textual qualitative approach is used to enable an in-depth 
appraisal of all policy and intervention types. Deductive 
analysis is used to ensure a systematic approach to coding.  
Textual analysis of peer-reviewed literature (Pubmed, Medline, 
Embase, Global Health), policy documents, global, national 
and state level progress reports with validation by global and 
in-country experts. All-language article search conducted for 
years 2000–2024, using search terms: ‘Antimicrobial resistance  
policies’, ‘national action plan’, ‘surveillance’, ‘AMR systems’, 
‘drug resistant infections’, ‘antibiotic resistance’, ‘infection, pre-
vention and control’, ‘antimicrobial stewardship’, ‘treatment 
guidelines’, ‘one health’, ‘animal health’, ‘zoonotic disease’, 
‘livestock’, ‘agriculture’, ‘environmental health’. Deductive 
analysis using multi-disciplinary framework including the  
Expert Consensus for Implementation Research (ERIC).

Sampling. Purposive sampling starting with 17 countries, to  
represent each of the WHO world regions and emerging 
economies. The countries selected for the case studies (shown 
in country groupings) are BRICS: Brazil, Russia, India, China,  
South Africa; Latin America: Brazil, Columbia; Asia:  
Bangladesh, China, India, Indonesia, Pakistan, Philippines; 

Figure 1. Overview of study methodology.
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East Mediterranean: Saudi Arabia; Africa: Ghana, Malawi, 
Uganda, Zambia, South Africa; Europe: Kosovo, Russia-U.K.

Data sources. To map policy interventions for the period 
2000–2024, we purposefully sampled secondary data sources 
from peer-reviewed and grey literature. Peer-reviewed articles 
in all languages are identified from the following databases:  
Pubmed, Medline, Embase, Global Health. Grey literature  
including policy documents, global, national and state level 
progress reports, guidelines, and legislation are sourced 
using search terms and hand search from: websites of case-
country’s health bodies/agencies, and global pan-national 
websites.

The search terms used are: ‘Antimicrobial resistance policies’, 
‘national action plan’, ‘surveillance’, ‘AMR systems’, ‘drug  
resistant infections’, ‘antibiotic resistance’, ‘infection, prevention 
and control’, ‘antimicrobial stewardship’, ‘treatment guidelines’, 
‘one health’, ‘animal health’, ‘zoonotic disease’, ‘livestock’,  
‘agriculture’, ‘environmental health’. Input was also sought from 
the global expert panel to identify any further within-country  
or global data sources and documents.

Data Extraction & Analysis. A deductive approach is being 
used with a range of multi-disciplinary frameworks to extract 
and code textual data. First the documentary sources are used  
to extract all interventions which address AMR, AMU, and  
Infection, Prevention & Control (IPC), and mapped to a timeline 
for each country. Interventions include all policies, regulations, 
recommendations, guidelines, plans, monitoring surveillance,  
campaigns, and activities.

Each intervention is then coded (Table 1) according to 
level of implementation (macro, meso, micro), maturity of  
implementation (developed, implemented, and evaluated), the  
Expert Consensus for Implementation Research (ERIC) 
Framework, the PESTELI (Political, Economic, Sociological, 
Technological, Environmental, Legislative, Industry) Frame-
work, determinants of implementation (barriers, facilitators),  
setting (secondary, tertiary, specialist care, community and  
primary care, social care), target/audience (organisations,  
healthcare professionals and professional groups, patients/patient 
groups, general public), theme (AMR & AMU surveillance,  
Antimicrobial Stewardship (AMS), public education and 
awareness campaign, technology, and Research and Develop-
ment (R&D), health industry and workforce) pathogen (fungi,  
bacteria, virus), elements to drive organisational change (Regu-
lative: laws, policies, and contracts, Normative: work norms,  
habits, cultural-cognitive: beliefs, values). 

The ERIC framework is a set of 73 discrete strategies for imple-
mentation, organised within 9 broader domains (adapt and tailor 
to context, change infrastructure, develop stakeholder interre-
lationships, engage consumers, provide interactive assistance, 
support clinicians, train and educate stakeholders, use evalu-
ative and iterative strategies, utilise financial strategies), 
which can help with planning implementation and evaluating  

what has been done, in a structured way (Powell et al., 2015) 
The PESTELI framework draws attention to the following 
domains: Political factors, Economic influences, Sociological 
trends, Technological innovations, Environmental factors, Leg-
islative requirements, Industry analysis to assess the macro- 
enviornment (Ahmad et al., 2019).

Coding is carried out in Excel by selecting sub-domains  
(Yes/No), if articulated in the intervention description.  
Coding is conducted independently and systematically by three  
researchers, with 10% of the sample looked at by all three  
and any disagreements are solved by group discussion and 
consensus. Final validation by a fourth reviewer, the within-
country expert, who validates coding of 30% of the identified  
interventions (adapted from (Mizuno et al., 2018)).

The peer-reviewed articles are additionally coded for barriers  
and enablers to addressing AMR.

An inductive thematic analysis is used (Thomas & Harden,  
2008), informed by theoretical approaches from the field of  
health systems strengthening and from institutional theory  
(Kyratsis et al., 2019).

b. Longitudinal analysis
Longitudinal analysis assessing potential impact of contextual  
structural determinants and AMR interventions on the two 
dependent variables: AMU and AMR. Data from repositories  
of global health indicators and international and national 
AMU and AMR surveillance networks are analysed using  
econometrics and machine learning approaches.

Sampling. The BRICS countries (Brazil, Russia, India, China, 
South Africa) are selected as they collectively encompass 45% 
of the global population and 33% of the global Gross Domestic 
Product (GDP) (Henley & Partners, 2024). Mitigating  
productivity losses due to AMR morbidity and mortality, in 
these five emerging world economies could allow them to 
reach their full economic potential with substantial global 
impact. Each have fully developed AMR NAPs but with  
varying levels of implementation. Analysing these countries 
with diverse structural, cultural, and health system contexts  
provides a means for benchmarking “within-region” coun-
tries as well as the future key economies (Mexico, Indone-
sia, Nigeria, Turkey (MINT)) (Coque et al., 2023; O’Neill, 
2016).

Data sources. We identified a collection of candidate- 
independent variables for each of the BRICS countries from 
multiple global health data repositories, including the Global  
Health Observatory (GHO), World Bank Open Data, and the 
Organisation for Economic Co-operation and Development 
(OECD) data. These global health databases (Table 2) col-
late evidence and statistics by country, to describe public 
health contexts and track country progress towards SDGs, 
which provide the most comprehensive collection of social  
determinants of health.
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Data extraction & analysis:  Regional and national surveillance 
systems and dashboards were searched to develop a panel data-
set of AMR levels and AMU  for each of the BRICS countries 
for a minimum of 20 years. We measured country-level AMU 
using total Defined Daily Dosage (DDD) of antibiotics dis-
pensed to the human population. We considered how variation  
in data sources might influence the AMU data, so the data from 

monitoring hospital and community prescribing and dispensing, 
versus data from monitoring retailers, or import/export of  
antimicrobials. We are likely to under estimate AMU at  
global level. Each country’s AMR burden was measured using 
the reported percentage of resistant isolates for the critical and 
high priority therapy-pathogen combinations defined by the 
WHO (WHO, 2024), including enterobacterales resistant to  

Table 1. Coding framework for deductive analysis.

Dimension Codes

A ERIC strategy •     �Adapt and tailor to context
•     �Change infrastructure
•     �Develop stakeholder interrelationships
•     �Engage consumers
•     �Provide interactive assistance
•     �Support clinicians
•     �Train and educate stakeholders
•     �Use evaluative and iterative strategies
•     �Utilize financial strategies

B1 Level of Implementation •     �Macro (international, regional, national)
•     �Meso (organisational)
•     �Micro (individual)

B2 Maturity of implementation •     �Developed
•     �Implemented
•     �Evaluated
•     �Evaluation methods: indicators to measure uptake and effectiveness; 

frequency of review and update

B3 Determinants of implementation •     �Barriers
•     �Facilitators

C Setting •     �Secondary, tertiary, and specialist care
•     �Community and primary care
•     �Social care

D Target / audience •     �Organisations
•     �Healthcare professionals and professional groups
•     �Patients / patient groups
•     �General public

E Theme •     �AMR and AMU surveillance
•     �Antimicrobial stewardship (AMS)
•     �Public education and awareness campaign
•     �Technology and R&D
•     �Health industry and workforce
•     �Infection, prevention and control (IPC)

F Pathogen Fungi, Bacteria, Virus

G PESTELI domain Political, Economic, Social, Technological, Environmental, Legal, Industry 

H Elements to drive organisational 
change (optional)

•     �Regulative: laws, policies, and contracts
•     �Normative: work norms, habits
•     �Cultural-cognitive: beliefs, values
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carbapenems (meropenem, ertapenem, imipenem, and in 
rare cases, doripenem, panipenem/betamipron, biapenem, 
and tebipenem), enterobacterales resistant to 3rd generation  
cephalosporins (cefotaxime, ceftazidime, and ceftriaxone), 
and methicillin-resistant Staphylococcus aureus (MRSA). The  
worst-case scenario was taken if multiple antibiotic agents were 
tested for one pathogen (i.e., enterobacterales isolates 12% 
resistant to imipenem, 10% resistant to ertapenem, a resistance 
level of 12% is used). We are likely to have a skewed picture or  
only partial capture of the true burden of AMR since most  
countries report AMR data from secondary or tertiary care levels.

The candidate contextual-independent variables extracted from 
the global health data repositories were reviewed by the study 
advisory group panel of experts to generate consensus on  
which categories of these variables should be the initial focus  
of the longitudinal analysis, considering prior knowledge of 
potential impact of these variables on AMR. For instance, 
variables measuring the process and outcomes of other  
public health interventions considered less relevant to AMR 
(e.g., Resources for Substance Use Disorders), were excluded 
from the analysis. The variables included for  analysis are  
organised under three categories: health system financing, health  
technologies, and health workforce. The variables within each 
of the included category are reviewed to identify duplication 
and the measures of the same objects with different units (e.g., 
crude number vs density), and the variables included are ones 
that are adjusted for  country variation (i.e., age-standardised 
percentage is preferred over crude numbers) and with a mini-
mum of 10 years of data.  Multicollinearity between independent  
variables will be quantified using Pearson correlation  
coefficients (Sedgwick, 2012), principal component analysis  
(PCA), and Variance Inflation Factor (VIF) (Kherif & Latypova, 
2020).

To assess the potential country-level impact from the independ-
ent variables and AMR interventions on the two dependent 
variables (AMR and AMU), we employed both  econometric 
models and Machine Learning (ML) causal inference to  
maximise the validity of this analysis. We developed multivari-
ate beta regression models (Ferrari & Cribari-Neto, 2004) for 
each pathogen-therapy combination, estimating parameters by 
maximum likelihood. Extreme Bounds Analysis (EBA) was 
performed to assess the robustness of independent variables  
and Bayesian Model Averaging (BMA) to address model uncer-
tainty. EBA incorporates prior knowledge and attempts to  
determine the most extreme possible estimates for a fixed sub-
set of coefficients (Leamer, 2010). It is a type of sensitivity 
analysis that provides upper and lower limits for the outcome 
variable for any possible set of determinants so that the deter-
minants robustly associated with the outcomes across many 
possible scenarios can be identified. It is particularly useful  
when dealing with a large number of possible explanatory  
variables and enables testing for whether minor changes in 
the examined determinants can significantly alter the outcome 
variables. If the association between a determinant and the  
outcomes does not vary much across regressions, it is consid-
ered robust. EBA supports empirical research by demonstrating 
the inferential sturdiness of hypotheses (i.e. the robustness of the 
inclusion or exclusion of a variety of plausible explanation of  
an observation) (Hauck et al., 2016). BMA is a statistical tech-
nique that addresses model uncertainty by averaging over a 
set of plausible models rather than selecting a single “best” 
model (Wasserman, 2000). BMA assigns probabilities to each 
plausible model using Bayes’ theorem by averaging the  
parameter estimates from each model weighted by their poste-
rior probabilities. The results from the EBA and BMA analysis 
will provide insights in how reliable the beta regression 
model is in capturing the association between the AMU and 

Table 2. Data sources for AMR and AMU.

Country AMR AMU

International WHO Glass Report 2014, 2021, 2022 
One Health Trust ResistanceMap

WHO GLASS-Implementation Report 
2016–17, 2017–18, 2020 
One Health Trust ResistanceMap

Brazil ReLAVRA: 2011–2014 (Spanish) report 
ReLAVRA: 2014–2016 report

 

Russia AMRmap national dashboard: 2011–2021 
https://amrmap.net

As AMR

India NCDC NARS-Net report: 2017–2023 report  

China CHINET: 2011–2023 http://www.chinets.com 
CARSS: 2011–2023 http://www.carss.cn/

NHC中国抗菌药物临床应用管理和细菌耐药现状 
2016 (2010–2015 data): report 
2018 (2011–2017 data): report 
2021, 2022 report available in hard copy

South Africa NICD dashboard: 2012–2023:  
https://mstrweb.nicd.ac.za 
DoH: 2021 report
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AMR outcomes and the contextual independent variables. 
Bayesian networks, a machine learning based tool, are increas-
ingly used for causal inference, decision support  and under-
standing complex probabilistic relationships between variables  
(Teles et al., 2014) (Pérez et al., 2021). A Bayesian network 
consists of nodes representing variables (e.g. percentage 
of enterobacterales  isolates resistant to carbapenems) and 
directed edges (e.g. connection between percentage of entero-
bacterales isolates resistant to carbapenems and population  
mobility/international travel) representing probabilistic depend-
encies between variables that contribute to the development 
and emergence of AMR. Each node has a conditional prob-
ability distribution that quantifies the effects of the parent  
nodes on the node. By analysing the network (the directed  
acyclic graph (DAG)), key risk factors and pathways leading to 
the changes in AMU and AMR can be identified, and predicted 
given certain conditions or interventions. To guide decision 
makers in terms of policy mix, we use the two modelling 
approaches to predict how the identified interventions (single or  
in combination, and sensitivity analysis based on varied 
level of implementation from partial to complete) would 
affect a country’s AMU and AMR level, in combination with 
the contextual independent determinants. Anticipating that  
the AMR data would be generally less comprehensive and  
consistent across countries, we used HIV/AIDS prevalence as 
the outcome measure for model training and development in  
parallel with AMR and AMU data collection. 

This study will be conducted in phases, in phase 1, the study 
will assess interventions and determinants in the human health 
sector and their potential impact on AMU and AMR out-
comes in BRICS countries. Phase 2 will expand the quantitative  
assessment to include the environmental and animal health  
sectors in a different set of case countries.

c. Interactive dashboard development
Interactive Dynamic Dashboard development to display insights 
from A. & B., using Tableau to allow visualisation and com-
parison of context and components of AMR interventions  
in the case countries.

Using data visualisation, the aim is to present the out-
put of the analysis of interventions so that geographically 
or economically close countries can compare and reflect  
on alternative approaches and actionable insights (Kim & 
Huang, 2021). The data and results visualised include country 
demographic profiles, socioeconomic status, AMU and AMR 
levels, the implementation of AMU and AMR surveillance,  
participation in surveillance networks, as well as AMR inter-
ventions implemented in human health and across One  
Health.

The benefits of interactive dashboards include the ability 
to display aggregated data and complex visual analytics embed-
ded in a user-friendly platform (Thoma et al., 2020). The 
intended users (policy makers, planners, and commission-
ers of funding) can navigate through curated visualisations,  
filter specific details, make comparisons, and uncover insights  
that are useful for decision-making.

In developing the dashboard, through stakeholder engage-
ment, design-based approach will be adopted to ensure a  
user-need-informed design.

The dashboard development follows a participatory itera-
tive process including: 1) Desk review of existing AMR pol-
icy dashboards to understand structure, functionality, define 
data sources, data preparation, analysis approach definition,  
etc. 2) Roundtable discussions with the study advisory group 
members and stakeholders from the Wellcome Trust and 
Fleming Fund to understand user needs and applicability in  
LMIC, HIC, utility within their respective programs of work, 
3) Design, construction, and validation with project team and 
end users, 4) Launch and dissemination through SEDRIC 
and its peripheral network. Detailed steps in Dashboard  
Development:

Platform Selection: Desk-review of existing AMR policy 
dashboards to understand structure, functionality, define data 
sources, data preparation, analysis approach definition, etc. e.g., 
UKHSA COVID-19 data dashboard, IHME Global Burden 
of Disease Dashboard, WHO GLASS, CDC AR&PSP, EARS-
Net, AMRSNET, AURA, PAHO/WHO Regional AMR, WPRO  
AMR surveillance, etc.

Multiple data visualisation software were considered (Power 
BI, Tableau, Data-flo, Pathogen Watch, Echarts, Vizhub) 
against five main criteria: publicly accessible, flexibility for  
broader applications outside domain, pre-built functionalities,  
drag and-drop interfaces, and extent of domain-specific  
knowledge required, and ease of local adoption.

The generic framework tableau was selected through a  
pragmatic approach to create the dashboard.

Data Sourcing: Outcomes from the deductive structured  
qualitative analysis which are categorical data variables includ-
ing those generated from the ERIC coding, geographic/ 
countries, and years. From the quantitative longitudinal analysis,  
the AMR and AMU indicators at country level and the  
underlying contextual determinants.

Data Processing: Normalisation of data in a structured  
and readable format for the platform.

Data Analysis: Visual analytics composed by temporal analy-
sis, exploratory data analysis, comparative analysis, and geo-
graphical visualisation. Temporal analysis aims to discover 
the trends that can be derived from the data. Exploratory  
data analysis is focused on analysing the distribution and rela-
tion between relevant features (e.g. yearly distribution, focus 
of intervention). Comparative analysis seek to highlight mul-
tiple variable differences effectively. Geographical visualisa-
tion facilitates a simple representation of the data to identify  
and explore trends geographically.

Testing and Validation: Presentation and agreement with  
stakeholders on quality assurance, layout and colour, visual 
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balance, filters, intuitive navigation, and interactive elements  
(Bach et al., 2022).

Discussion
This manuscript provides a detailed protocol including  
rationale for the research and methods for data collection  
and analysis. This work is conducted by an international  
multi-disciplinary team. The advisory team provide input  
periodically (every 3 months) to ensure relevance of the work.

While the Global Research on Antimicrobial Resistance 
(GRAM) study has provided much needed quantification of  
AMR burden and a renewed call to action, comprehensive 
insight of interventions in different country contexts is needed 
to inform decision making and enable evaluation (Murray et al.,  
2022; Naghavi et al., 2024).

The research approach is timely given the recent Lancet 
commission (The Lancet, 2024), and the United Nations  
General Assembly (UNGA) high level meeting (United Nations  
General Assembly, 2024) adding to the suite of tools  
available to follow through with recommendations from these  
activities (Wellcome, 2024).

Major strengths of the study include use of the ERIC frame-
work to sensitise decision makers to the full compendium of 
options that are available to address AMR. Additionally, the  
outputs on the dashboards will include: (1) Display of time 
analysis visualisations to present the yearly distribution of 
interventions, highlighting trends and changes over time;  
(2) Display of the distribution and allocation of ERIC strat-
egies across different countries and years, allowing for  
detailed comparison and analysis of implementation strategies;  
(3) Visualising of multiple dimensions that describe  
characteristics of the interventions and their implementation 
process, which helps understanding of the diverse landscape of 
AMR efforts; (4) Enablement of comparisons between differ-
ent countries, different periods of time, or different parameters of  
implementation, allowing users alternatives to analyse and  
evaluate the impact of different strategies.

Study Limitations: There are gaps in AMR data and struc-
tural determinants at country level for any quantitative study 
because of inconsistency in AMR data collection across differ-
ent regions and healthcare settings since many countries lack  
standardized protocols for collecting and reporting AMR 
data. The sample does not include countries of conflict which 
have unique challenges and required interventions (Pallett  
et al., 2023; Rizk et al., 2021). These countries would provide 
a different ‘grouping’ or filter in the data visualisation dash-
board as the work progresses further. Limitations of the study  
also include the constraints of customisation options in Tableau 
but this is balanced by expense to maintain and expand the  
dashboard.

The outputs from this study will be shared early with the WHO, 
The Fleming Initiative, and other organisations that have a 
strong convening power which can help build local consensus, 

promoting development and uptake of recommendations.  
These will include The Fleming Fund as it progresses 
through Phase 2 of implementation, and the Second Trinity  
Challenge, both aimed at reducing the impact of AMR with  
data-driven approaches focusing on low- and middle-income  
communities.

Overall, this protocol provides a systematic and transparent  
approach for countries to benchmark their own strategies to 
address AMR while understanding context. The interactive  
dashboard will allow comparisons between country clusters  
by geography or economy, helping policy makers and  
planners. The interactive dashboards will enable rapid  
knowledge mobilisation among strategic and operational  
stakeholders. This protocol enables others to engage with this 
structured assessment approach and nominate their country for  
the next wave of analysis.

By looking across systems and sectors, there may be an  
emergent value proposition which resonates with national 
level stakeholders. Effective and efficient policy change might  
be achieved, if the solutions and arguments presented to  
solve the problem are credible, relevant, and feasible.

The systematic, comprehensive approaches employed in 
this analysis can also serve as a template to develop tools 
for decision-making and health planning to address other  
public health issues.
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Background/ Context:
The authors might wish to consider de-linking the lack of funding for interventions to the 
need for more systematic approach to select the most appropriate interventions that can 
predict progress. The identification of effective interventions to address AMU and AMR does 
not necessarily mean that it leads to funding for those activities – especially in the context of 
limited national budgets for public health, decline in ODA, and impact of geopolitical 
instability. 
 

○

The authors might wish to update their figures based on TrACSS 2024 data. 88% of WHO 
Member States ( 170/ 194)  reported having developed a national action plan on AMR. In 
addition, 64% of WHO Member States are implementing their national action plans on AMR 
– in an ad-hoc manner. Data portal: www.new.amrcountryprogress.org 
 

○

The authors could consider initially reviewing the existing “packages of effective 
interventions” to address AMR developed by various international bodies based on existing 
evidence, estimations, modelling and expert opinions from countries, regions and at the 
global level. Some of the packages, that include cost effectiveness considerations, return on 
investment, technical feasibility etc.. are noted below. 
 

○

The authors could review and reflect upon many “best buy” packages of interventions 
proposed by the OECD – both for public health, and for One Health (OECD (2018), Stemming 
the Superbug Tide: Just A Few Dollars More, OECD Health Policy Studies, OECD Publishing, 
Paris, https://doi.org/10.1787/9789264307599-en; OECD (2023), Embracing a One Health 
Framework to Fight Antimicrobial Resistance, OECD Health Policy Studies, OECD Publishing, 
Paris, https://doi.org/10.1787/ce44c755-en) 
 

○

The authors could also review the package of 20 interventions proposed by the World Bank 
recently - Rupasinghe, N., C. Machalaba, T. Muthee, and A. Mazimba. Stopping the Grand 
Pandemic: A Framework for Action. Addressing Antimicrobial Resistance through World 
Bank Operations. Washington, DC: World Bank; 2024. License: CC BY 3.0 IGO. 
https://hdl.handle.net/10986/41533 
 

○

The authors could also review the WHO people-centred approach to address AMR in human 
health and core package of interventions to support national action plans. The core focus is 
on addressing inequities, was endorsed by the World Health Assembly in 2024, highlights 
the interdependence of interventions, highlights the need to address critical broader health 
system gaps, and barriers faced by people and vulnerable populations, and provides 
guidance for specific actions at each levels of the health system. 

○
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https://iris.who.int/bitstream/handle/10665/373458/9789240082496-eng.pdf 
 
The authors also may wish to review the “Smart Choice Process” developed by the AMR 
Policy Accelerator at York University, Canada that is currently being piloted in many 
countries in Africa to identify effective package of interventions across the One Health 
sectors.

○

Study Design:
It will be useful to clarify if this research is purely for human health or as stated in the 
methods section, to address AMR at country level across One Health. 
 

○

For the textual analysis, it will be critical to expand the search terms. It  could include 
different ways of referring to AMR such as: “drug resistant infections”, “anti-bacterial/anti-
fungal/anti-infective resistance”, “antibiotic resistance” and their variations. 
 

○

The search terms are also missing important interventions such as “stewardship”,  “national 
treatment guidelines” “immunization”, “infection prevention and control” “bacteriology 
laboratory systems” 
 

○

If the study is applying a One Health approach then consider including search terms that 
would cover interventions in other sectors related to animal health, agriculture, the 
environment. This is missing at this point. 
 

○

The list of 17 countries seem very ambitious. While many of the large countries like India 
have a “National Action Plan”, health interventions are primarily implemented by the States, 
and so identifying interventions at the national level might not be helpful or drive actions in 
States.  It might be useful to identify a smaller group of countries whose NAP on AMR is 
expiring or has expired, and are currently at the stage of conducting an assessment of their 
implementation.  The proposed research design could then help provide valuable evidence-
based policy guidance to countries to help develop new NAPs and cost the most essential 
interventions as part of developing an operational plan. 
 

○

In many of the selected countries conducting a literature search only to identify historically 
AMR interventions and the level of their implementation in that country will not be enough 
because the general literature is normally biased towards the Global North and not all 
interventions will be well documented. 
 

○

Having the preferred intervention in the country’ NAP on AMR in turn is not a guarantee 
that it was implemented in practice and would not give an indication of the extent of its 
implementation. Pairing this with i) quantitative data from TrACSS and national/regional 
monitoring reports and with ii) national key informant interviews (beyond just one national 
expert especially in the case of countries of the size and administrative arrangement like 
China and Brazil) will be key. 
 

○

The authors could clarify how the deductive analysis of AMR interventions will be converted 
to a quantitative variable that can be used in the longitudinal modelling analysis. Will there 
be an overall score assigned for the level of implementation of a given intervention in a 
given year for a given country? 
 

○
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It would be beneficial to include “Infection Prevention and control”, “ Diagnosis and 
Bacteriology / Mycology laboratory systems” under Theme “E” in the coding framework for 
deductive analysis. 
 

○

Will Gender and other social stratifiers that impact equitable access be included in the 
determinants of implementation. 
 

○

The authors can clarify how data from quantitative sources will be incorporated at the 
coding stage for each intervention. 
 

○

A major challenge for the longitudinal analysis of the impact of AMR interventions and 
independent variables on the two AMR outcomes will be the quality of the AMR and AMU 
data, and in particular changes in the quality of the data over the study period for a given 
country. 
 

For example, the latest WHO GLASS report found that percentage of AMR infections 
was lower in countries that have high testing coverage (number of bacteriologically 
confirmed infections per million population) within the top 75th percentile. If there 
are significant changes in testing coverage or other factors affecting the quality of 
the data longitudinally in each of the countries then that can introduce bias in the 
effect estimates. The authors could consider observing the patterns of AMR/AMU 
data over time and if there are significant unexpected changes year on year, which 
would warrant including additional independent variable in the model to control for 
data quality. 
 

○

○

Another consideration for the Longitudinal analysis would be for the authors to identify a 
different indicator rather than HIV/AIDS prevalence for each country as an alternative 
independent variable. Significant systems have already been established for HIV/AIDs in 
many countries based on single disease financing mechanisms, and this might not be 
comparable for a complex phenomenon like AMR. 
 

○

The use of both Extreme Bounds Analysis (EBA) and ML-based the Bayesian networks as the 
two modelling approaches would be very beneficial to guide decision-makers at national, as 
well as regional and global levels. This, at the core, is a very innovative element of the 
protocol and in comparison to some other existing prioritization processes. The paper 
would benefit from additional details on the use of the two modelling approaches, including 
some examples and sample visualization. 
 

○

For the Visualization dashboard, the authors may wish to review the new TrACSS website 
that includes data comparison across countries, regions, across income levels, has global 
benchmarks for various indicators (across all One health Sectors), as well as a WHO AMR 
M&E portal (to be ready in April 2025) that will include the human health indicators as 
recommended in the Global Action plan M&E Framework and recommended indicators.

○
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We would like to thank the reviewers for their constructive, insightful, and supportive 
feedback, which has been carefully considered and addressed in the revised version of the 
manuscript.  No.  Reviewer Comments  
 
Author Comments  1.  The authors might wish to consider de-linking the lack of funding for 
interventions to the need for more systematic approach to select the most appropriate 
interventions that can predict progress. The identification of effective interventions to 
address AMU and AMR does not necessarily mean that it leads to funding for those activities 
– especially in the context of limited national budgets for public health, decline in ODA, and 
impact of geopolitical instability.  We agree and acknowledge the need for political and 
system level factors to progress implementation even when the financial/business case has 
been made.   The need for data-driven evidence to inform policy is critical particularly 
because of constraints on funding.   Completely delinking this conversation would be 
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counter to the aims of this study.     
 
2.  The authors might wish to update their figures based on TrACSS 2024 data. 88% of WHO 
Member States (170/ 194) reported having developed a national action plan on AMR. In 
addition, 64% of WHO Member States are implementing their national action plans on AMR 
– in an ad-hoc manner. Data portal: www.new.amrcountryprogress.org  Thank you for your 
valuable feedback and for highlighting the updated TrACSS 2024 data.     We have 
incorporated the most recent figures in the updated version.      
 
3.  The authors could consider initially reviewing the existing “packages of effective 
interventions” to address AMR developed by various international bodies based on existing 
evidence, estimations, modelling and expert opinions from countries, regions and at the 
global level. Some of the packages, that include cost effectiveness considerations, return on 
investment, technical feasibility etc. are noted below.  Thank you for the valuable feedback.   
  The recommendations of interventions have been referenced but we can now include a 
more comprehensive compendium. In addition to this we have created a column against 
these saying what the limitations and strengths of the underpinning methodology that was 
used in making these recommendations.  To provide further rationale for the work we are 
undertaking in the current study, we agree that by doing so decision makers will be better 
informed and will not then be conflicted as to which recommendations to consider.     The 
mentioned frameworks (OECD) are largely designed for high-income countries, our study 
focuses on high, low- and middle-income countries, allowing consideration of context and 
challenges.     In our first empirical paper assessing the BRICS nations, we have indeed used 
the WHO core package of interventions to provide decision makers/readers with insights 
about alignment and wider scope.    We have taken the ‘Smart Choice Process’ into 
consideration. This will allow us to assess its relevance in different contexts and further 
strengthen our analysis.     
 
4.  The authors could review and reflect upon many “best buy” packages of interventions 
proposed by the OECD – both for public health, and for One Health (OECD (2018), Stemming 
the Superbug Tide: Just A Few Dollars More, OECD Health Policy Studies, OECD Publishing,  
Paris, https://doi.org/10.1787/9789264307599-en; OECD (2023), Embracing a One Health 
Framework to Fight Antimicrobial Resistance, OECD Health Policy Studies, OECD Publishing, 
Paris, https://doi.org/10.1787/ce44c755-en)  
 
5.  The authors could also review the package of 20 interventions proposed by the World 
Bank recently - Rupasinghe, N., C. Machalaba, T. Muthee, and A. Mazimba. Stopping the 
Grand Pandemic: A Framework for Action. Addressing Antimicrobial Resistance through 
World Bank Operations. Washington, DC: World Bank; 2024. License: CC BY 3.0 IGO. 
https://hdl.handle.net/10986/41533  
 
 
6.  The authors could also review the WHO people-centred approach to address AMR in 
human health and core package of interventions to support national action plans. The core 
focus is on addressing inequities, was endorsed by the World Health Assembly in 2024, 
highlights the interdependence of interventions, highlights the need to address critical 
broader health system gaps, and barriers faced by people and vulnerable populations, and 
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provides guidance for specific actions at each levels of the health system. 
https://iris.who.int/bitstream/handle/10665/373458/9789240082496-eng.pdf  
 
7.  The authors also may wish to review the “Smart Choice Process” developed by the AMR 
Policy Accelerator at York University, Canada that is currently being piloted in many 
countries in Africa to identify effective package of interventions across the One Health 
sectors.          
 
8.  It will be useful to clarify if this research is purely for human health or as stated in the 
methods section, to address AMR at country level across One Health.  This research is 
focused on a One Health approach as stated in the methods “AMR interventions 
implemented in human health and across One Health”.    In phase 1, we focus on 
assessment of intervention and determinants in human health and the potential impact on 
AMU and AMR outcomes in BRICS countries. Particularly, we have chosen the determinants 
from 3 key domains of human health: health systems finance, medical technology, and 
health workforce.     This is timely given the WHO’s repositioning of AMR within the health 
systems division.    In Phase 2, we will expand the quantitative assessment to the 
environmental and animal sector for a different group of case countries.     This has now 
been made explicit in the updated version.    
 
9.  For the textual analysis, it will be critical to expand the search terms. It could include 
different ways of referring to AMR such as: “drug resistant infections”, “anti-bacterial/anti-
fungal/anti-infective resistance”, “antibiotic resistance” and their variations.  We 
acknowledge the importance of expanding the search terms to capture different ways of 
referring to AMR. We will incorporate these terms into our textual analysis to ensure 
comprehensive coverage.     We have made these changes in the updated version of the 
protocol.    
 
10.  The search terms are also missing important interventions such as “stewardship”, 
“national treatment guidelines” “immunization”, “infection prevention and control” 
“bacteriology laboratory systems”  
 
11.  If the study is applying a One Health approach then consider including search terms 
that would cover interventions in other sectors related to animal health, agriculture, the 
environment. This is missing at this point.  
 
12.  The list of 17 countries seem very ambitious. While many of the large countries like 
India have a “National Action Plan”, health interventions are primarily implemented by the 
States, and so identifying interventions at the national level might not be helpful or drive 
actions in States. It might be useful to identify a smaller group of countries whose NAP on 
AMR is expiring or has expired, and are currently at the stage of conducting an assessment 
of their implementation. The proposed research design could then help provide valuable 
evidence- based policy guidance to countries to help develop new NAPs and cost the most 
essential interventions as part of developing an operational plan.  Thank you for your 
comment.   Given the urgency of the global AMR response, including the development of 
the Global Action Plan (GAP) for 2026 and the UNGA targets, we believe that assessing 17 
countries is both necessary and feasible.   This work is now supported by the Fleming 
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Initiative, further reinforcing its significance and urgency, and we would ideally aim to 
expand this effort further to include more countries. We are in active dialogue to facilitate 
other countries to perform this structured assessment or nominate their country for the 
next wave of analysis.      We understand that some interventions are implemented at the 
national level, particularly in countries where health interventions are primarily 
implemented at the state level. Our assessment extends beyond NAPs to include all relevant 
national and state-level policies pertaining to AMR. This has been made explicit in the 
updated version.    
 
13.  In many of the selected countries conducting a literature search only to identify 
historically AMR interventions and the level of their implementation in that country will not 
be enough because the general literature is normally biased towards the Global North and 
not all interventions will be well documented.  We recognise the limitations of relying solely 
on published literature, as it often skews towards the Global North and may not 
comprehensively capture AMR interventions in many LMICs. To address this, we have 
carefully selected countries where we have strong collaborations with field experts. These 
experts provide critical contextual understanding, help access country-specific data 
(including local language) and policies and ensure that our research reflects on-the-ground 
realities beyond what is available in the literature.    As stated in the protocol, “Final 
validation by a fourth reviewer, the within-country expert, who validates coding of 30% of 
the identified interventions”.    
 
14.  Having the preferred intervention in the country’ NAP on AMR in turn is not a guarantee 
that it was implemented in practice and would not give an indication of the extent of its 
implementation. Pairing this with i) quantitative data from TrACSS and national/regional 
monitoring reports and with ii) national key informant interviews (beyond just one national 
expert especially in the case of countries of the size and administrative arrangement like 
China and Brazil) will be key.  Thank you for your valuable feedback. We acknowledge that 
the presence of a preferred intervention in a country’s NAP on AMR does not guarantee its 
implementation. Therefore, we are also reviewing research studies evaluating 
interventions.   Additionally, we plan to corroborate our findings with national and regional 
monitoring reports, assessing AMR/AMU data for the case countries as stated in the 
methodology “Regional and national surveillance systems and dashboards were searched 
to develop a time-series of AMR prevalence and AMU volume for each of the BRICS 
countries for a minimum of 20 years”.   As stated in the current version, we have a process 
of within-country validation.    
 
15.  The authors could clarify how the deductive analysis of AMR interventions will be 
converted to a quantitative variable that can be used in the longitudinal modelling analysis. 
Will there be an overall score assigned for the level of implementation of a given 
intervention in a given year for a given country?  For the longitudinal modelling analysis, we 
assess the impact of AMR interventions on AMU and AMR levels using econometric and 
machine learning approaches.     We also know that any of the following can happen -  a 
time-lag between implementation and effect; increased impact after time; a waning of 
effect; and interventions which work together to reinforce – our analysis will allow 
inspection of these potential explanations. The temporal accuracy of any such analysis is 
always limited.     The interventions were systematically categorised and coded based on 
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implementation coverage, strategy, and maturity so that the potential impact on AMU and 
AMR outcomes can be assessed quantitatively.    
 
16.  It would be beneficial to include “Infection Prevention and control”, “Diagnosis and 
Bacteriology / Mycology laboratory systems” under Theme “E” in the coding framework for 
deductive analysis.  Thank you for this helpful suggestion. The 'Technology and R&D' theme 
in our coding framework includes diagnostics.   We acknowledge the omission of IPC in the 
presented table, and this has now been corrected in the updated protocol.    
 
17.  Will Gender and other social stratifiers that impact equitable access be included in the 
determinants of implementation.  We are using the PESTELI framework to identify barriers 
and facilitators for AMR policies. Gender is included under the “S” (sociological – norms, 
culture and practices, gendered roles) and “E” (ecological -epidemiology and disparities of 
infection risks)   We have now made this more explicit and referenced the WHO publication 
Addressing Gender Inequalities in National Action Plans on Antimicrobial Resistance.     
 
18.  The authors can clarify how data from quantitative sources will be incorporated at the 
coding stage for each intervention.  Findings from the analysis of interventions will be 
systematically coded, and these coded variables will be integrated into the quantitative 
analysis to inform model specification and assessment of intervention effects.    As stated in 
the protocol: “To assess the potential country-level impact from the contextual independent 
variables and AMR interventions on the two dependent variables (AMR and AMU), we 
employed both conventional econometric models and Machine Learning (ML) causal 
inference to maximise the validity of this analysis.”    The findings from the intervention 
assessment, including codings of implementation coverage, strategy, and maturity, will be 
included in the model as categorical variables along with other contextual determinants to 
assess their potential impact on the AMU and AMR outcomes, we employ both econometric 
and machine learning methods in data processing and analysis to maximise the 
methodological robustness and capability to accommodate a wider range of independent 
variables in our subsequent empirical piece.    
 
19.  A major challenge for the longitudinal analysis of the impact of AMR interventions and 
independent variables on the two AMR outcomes will be the quality of the AMR and AMU 
data, and in particular changes in the quality of the data over the study period for a given 
country.    For example, the latest WHO GLASS report found that percentage of AMR 
infections was lower in countries that have high testing coverage (number of 
bacteriologically confirmed infections per million population) within the top 75th percentile. 
If there are significant changes in testing coverage or other factors affecting the quality of 
the data longitudinally in each of the countries then that can introduce bias in the effect 
estimates. The authors could consider observing the patterns of AMR/AMU data over time 
and if there are significant unexpected changes year on year, which would warrant 
including additional independent variable in the model to control for data quality.  As stated 
in the protocol as one of the limitations: “There are gaps in AMR data and structural 
determinants at country level for any quantitative study because of inconsistency in AMR 
data collection across different regions and healthcare settings since many countries lack 
standardized protocols for collecting and reporting AMR data.”    We are assessing the 
robustness of our findings to variations in data completeness and reliability.    We are 
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visualising patterns of AMR/AMU over time, as stated in the protocol: “The dependent 
variables of this analysis are individual country’s AMR and AMU levels. Regional and national 
surveillance systems and dashboards were searched to develop a time-series of AMR 
prevalence and AMU volume for each of the BRICS countries for a minimum of 20 years.”    
All the caveats including changes in testing methods, laboratory coverage, case definitions 
were captured in the quantitative analysis.    
 
20.  Another consideration for the Longitudinal analysis would be for the authors to identify 
a different indicator rather than HIV/AIDS prevalence for each country as an alternative 
independent variable. Significant systems have already been established for HIV/AIDs in 
many countries based on single disease financing mechanisms, and this might not be 
comparable for a complex phenomenon like AMR.  Thank you.   We selected HIV prevalence 
as the outcome measure for model training as this data was readily available, while AMR-
related outcome measures were generally less comprehensive and consistent across 
countries. The model development and training using HIV outcomes were conducted in 
parallel with the AMR outcome data collection. The intention is that the model structure 
developed using HIV prevalence can be mobilised for AMR-related outcomes once the data 
collection was completed. We therefore have amended the main text for further clarity.     
 
21.  The use of both Extreme Bounds Analysis (EBA) and ML-based the Bayesian networks as 
the two modelling approaches would be very beneficial to guide decision-makers at 
national, as well as regional and global levels. This, at the core, is a very innovative element 
of the protocol and in comparison to some other existing prioritization processes. The 
paper would benefit from additional details on the use of the two modelling approaches, 
including some examples and sample visualization.  Thank you for your positive feedback. 
Besides the conventional econometric approach (Extreme Bound Analysis (EMA)), we used 
Bayesian Model Averaging (BMA) to improve the robustness of regression estimates, 
considering the situation where model uncertainty existed in our analysis. BMA is a 
statistically rigorous approach that explicitly handles model uncertainty through 
probabilities, whereas EBA provides a more intuitive and simpler option to assess the global 
sensitivity of estimates. We also employed Bayesian network analysis for causal inference.    
While we are able to quantify the potential association between the AMU and AMR outcome 
measures and the contextual and intervention determinants through statistical modelling, 
EBA and BMA improve the overall confidence in the modelling outputs. BMA addresses 
model uncertainty by averaging over a set of plausible models rather than selecting a single 
best model to provide a holistic, more realistic / less optimistic estimates compared to a 
single model.     EBA quantifies the extent to which the estimated impact of a determinant 
on the model outcome remains valid. For instance, in our scenario, if a selected linear 
regression model suggests that increasing current health expenditure (CHE) by 1% would 
decrease the level of AMR by 15% (the estimated coefficient of the variable CHE predicted by 
this model is -0.15), the BMA will estimate the averaged coefficient of CHE of all plausible 
models, and EBA predicts whether this -0.15 coefficient can still hold if the variable CHE has 
more extreme values.         
 
22.  For the Visualization dashboard, the authors may wish to review the new TrACSS 
website that includes data comparison across countries, regions, across income levels, has 
global benchmarks for various indicators (across all One health Sectors), as well as a WHO 
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AMR  M&E portal (to be ready in April 2025) that will include the human health indicators as 
recommended in the Global Action plan M&E Framework and recommended indicators.  
Thank you for your feedback. The visualisation created through our protocol also includes 
data comparison across countries, specifically focusing on AMR interventions/policies rather 
than just NAP or AMR/AMU data.  Decision makers will be able to use the visualisations as 
part of a suite in order to make comparisons and have some insights to alternative 
approaches at intervention level.  
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I wish to thank Wellcome for asking me to review this SPAARTA protocol. Overall, it is well 
described innovative approach to NAPs analysis. Mixed method included textual analysis, 
longitudinal quantitative analysis, and interactive dashboard to allow visualization of deductive 
analysis, econometrics and machine learning. LMICs have additional issue and that is a severe lack 
of funding for AMR program. Also, majority of countries rely on external funding for most of their 
programs and sustainability of them is questionable.  
 
The development of interactive dashboards is of a great value to create Geo Map for AMR and 
possibility to monitor development of resistance.  
 
It is very useful to promote standardized way of consensus approach in development of AMR data 
repository.
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