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KEY MESSAGES

e AMR poses a greater combined mortality burden in Ghana than malaria and
HIV/AIDS.

e Strengthened surveillance across human, animal, and environmental sectors is
critical to detect, prevent, and control resistance.

e Implementation of integrated surveillance and feedback systems will enhance
data quality, guide treatment policies, and align Ghana with global standards
(GLASS/WOAH).

e Sustained domestic financing and governance coordination are vital for long-
term success.
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EXECUTIVE SUMMARY

In 2019 alone, antimicrobial resistance (AMR) caused an estimated 5,900 deaths directly
and 25,300 deaths indirectly in Ghana. The burden of AMR and related mortality in Ghana
surpasses those from malaria, HIV/AIDS and other major infectious diseases combined.

Ghana’s AMR problem is compounded by limited laboratory capacity, poor data
management, inadequate health-care infrastructure and fragmented governance. Without
urgent action, AMR will continue to drive increased treatment failures, health-care costs,
food insecurity and greater mortality.

This Evidence Brief for Policy (EBP) aims to inform Ghanaian policymakers, technical
partners, and stakeholders about feasible and cost-effective policy options to strengthen
AMR surveillance under the One Health approach. It synthesizes global and national
research evidence to support evidence-informed decision-making and prioritization within
Ghana’s AMR National Action Plan.

This EBP outlines four priority interventions to strengthen Ghana’s AMR surveillance
using a One Health approach. These are as follows.

e The development of a robust national integrated AMR surveillance system,
including genomic surveillance

e The establishment of a national AMR laboratory network
e The implementation of harmonized and standardized surveillance protocols

e The creation of structured feedback forums to translate surveillance data into
treatment guidelines, antimicrobial use (AMU) policies and public education
campaigns

The benefits, risks, costs and feasibility of each policy options were analysed, indicating
that integrated surveillance can improve early detection, prompt clinical decision-making,
and support policy alignment with international standards.



1. EBP DEVELOPMENT APPROACH AND METHODOLOGY

This EBP entailed the use of global and local research evidence about the problem. It offers
options for addressing the problem and outlines key implementation considerations.
Evidence was retrieved from systematic/literature reviews and primary research studies.

The preparation of the EBP entailed following key steps.

Convening a core technical working group team that was responsible for writing the
EBP, comprising representatives from the Ministry of Health (MoH), Veterinary
Services Directorate (VSD), Fisheries commission, Environmental Protection
Agency (EPA), Plant Protection and Regulatory Services, Fleming Fund Fellowship
and the Aurum Institute.

Convening a steering committee with representatives from the MoH, World Health
Organization (WHO), Ghana Health Services (GHS), University of Health and Allied
Sciences, EPA, University of Ghana, and the Fisheries Commission.

Developing and refining the options for addressing the problem.

Identifying, selecting and synthesizing relevant research evidence about the
problem, synthesizing options for solutions and counterstrategies to implementation
barriers.

Developing and finalizing the EBP based on the input of the steering committee and
reviewers.

These steps entailed several in-person and virtual meetings of selected core and steering
committee members of the Technical Working Group (TWG).



2. DESCRIPTION OF THE PROBLEM

Ghana faces a mounting threat from AMR, which undermines progress toward Universal
Health Coverage and national health security. The emergence and spread of resistant
infections now threaten to reverse gains in infectious-disease control and food safety.

Microorganisms have become increasingly resistant to drugs (antimicrobials) designed to kill
or inhibit their growth, threatening the effective prevention and treatment of the myriad
infections and diseases they cause (1,2).

AMR is a growing global public health threat, with sub-Saharan African countries, including
Ghana, bearing the highest burden (3,4). Ghana recorded 5,900 attributable deaths and
25,300 associated deaths from AMR in 2019 (5) and is ranked as the 36" highest age-
standardized mortality rate per 100,000 population associated with AMR across 204
countries. Additionally, the number of AMR-related deaths in Ghana is reportedly higher than
deaths from neglected tropical diseases, malaria, HIV/AIDS, sexually transmitted diseases
and other infectious conditions combined (5).

AMR can be transmitted from animals and the environment to humans (6,7), which adds
another layer of threat to an already existing serious challenge. Livestock traded within the
sub-Saharan African region, including Ghana, have been shown to be contaminated with
microbes with significant levels of resistance to common antibiotics (3,8,9), while antibiotic
residues have been found in the environment such as dumpsites, hospital effluents and
municipal water works, posing significant risk to both the aquatic and terrestrial ecosystem,
including life and plants (10,11).

For sustainable impact and long-term success, the fight against AMR must be tackled from
a One Health perspective, ensuring that surveillance is done with data from humans, animals,
food sources and the environment (12). Although Ghana has made efforts in the
implementation of AMR surveillance through initiatives, including the Integrated Disease
Surveillance and Response (IDSR) strategy, development of an AMR National Action Plan,
and an Integrated AMR surveillance framework, there are still some challenges. Ghana
participates in the WHO Gilobal Antimicrobial Resistance and Use Surveillance System
(GLASS) and has developed a national AMR Surveillance Framework in 2024. However,
data reporting remains limited to a few sentinel laboratories, and integration with animal and
environmental surveillance is still nascent. Strengthening coordination between existing
frameworks and GLASS reporting is therefore essential for global comparability and
sustainability. Surveillance systems in the human health, animal health and environment
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sectors are mainly siloed, impacting a coordinated response and effective policy
development. Limited laboratory capacity, inadequate infrastructure, including laboratory
equipment, and poor data management, among others, are some of the challenges that have
hindered the establishment of a robust integrated AMR surveillance system, impeding the
country's ability to comprehensively monitor and respond to AMR threats across sectors (13).
If these are not sufficiently addressed, AMR-related deaths in Ghana are likely to continue
to escalate with increased morbidity, longer hospital stays and higher health-care costs (14).

Consequences of inaction

Without coordinated multisectoral action, Ghana faces escalating health, economic, and
agricultural losses due to AMR. The consequences can be grouped under human health,
economic, food security, and innovation domains.

1. Increased treatment failure: with doctors prescribing ineffective antibiotics due to a
lack of necessary information on local resistance, leading to unnecessary deaths and
prolonged illnesses. The mortality rates attributable to AMR in western sub-Saharan
Africa are estimated to be between 20.9 to 35.3 per 100,000 population (4,15).

2. Rising health-care costs: necessitating patients’ longer hospital stays and more
expensive second- or third-line antibiotics when first-line treatments fail. The annual
additional cost of AMR in teaching hospitals in Ghana is approximately US$ 650,000
per hospital (16), while the annual patient cost due to AMR is up to an estimated
US$ 1 million and US$ 1.4 million more when compared with susceptible and
uninfected patients, respectively (17).

3. Increased emergence and spread of new resistance patterns: potentially leading
to large-scale outbreaks before they can be detected and contained (18).

4. Barriers to innovation: the development of new antibiotics and treatment strategies
will be hampered by insufficient data on existing resistance patterns and their
evolution. Without data, it is difficult to anticipate the evolution of resistance, making
it challenging to develop strategies to prevent the emergence of new resistant strains
(19).

5. Threats to food security: medication failure in poultry and livestock production will
lead to disease outbreak and high mortality, and reduced productivity, ultimately
threatening food security by decreasing the availability of animal-source foods (20).



6. Higher cost of animal production: due to increase in cost of treatments, cost of
veterinary services and more days for animals staying on the farm for a withdrawal
period before sales or slaughter (18).

7. Compromised food safety and cross-sectoral risk: zoonotic AMR pathogens from
improperly monitored animal products, especially at slaughterhouse and retail levels,
pose a direct threat to human health and food safety (21).

8. Escalation of high-risk resistance patterns: such as extended-spectrum beta-
lactamase (ESBL) producers and methicillin-resistant Staphylococcus aureus
(MRSA), contribute to high rates of surgical site infections and mortality, especially in
neonates and immunocompromised individuals (22).

In summary, continued inaction will increase mortality and treatment failure, raise health-
care costs, and weaken food security. The cumulative effects will erode public trust in the
health system and jeopardize Ghana’s ability to achieve SDG 3 on good health and well-

being.

Table 1. Underlying causes of the problem

System
arrangements

Governance arrangement
1.

Limited laboratory infrastructure and equipment for testing and
analysis. Many health and veterinary facilities lack advanced
diagnostic tools, including antimicrobial susceptibility testing
systems (23,24).

Inadequate number of trained microbiologists and laboratory
technicians. Capacity-building programmes are insufficient, and
public sector laboratories face high staff turnover without
replacement (23,24).

Absence of standardized testing methods across facilities and
regions. Laboratories use diverse protocols, leading to
inconsistent results, making data aggregation unreliable (23,24).

Limited coordination between human health, animal health, and
environmental sectors. Ministries and agencies often work in
silos. The Ontario Animal Health Network (OAHN) provides a



replicable model, highlighting how shared governance and joint
data reviews can improve response (23,25).

Low prioritization of AMR surveillance in the national health
agenda. Competing priorities dominate the policy and funding
space. AMR surveillance lacks sustained advocacy and political
buy-in (26).

Regulatory gaps in enforcing surveillance requirements. There
are no legal mandates for private laboratories or veterinary
facilities to report resistance data (21).

Limited use of standardized software (e.g. WHONET), causing
gaps in data capture and analysis (27,28).

Limited research and national-level surveillance data. Existing
studies are very few and of poor quality. There is also no system
of quality assurance in laboratories, which affects the reliability
of the data that exists (22,24).

Financial arrangement

1.

Insufficient funding for ongoing surveillance programmes. Efforts
rely heavily on short-term donor funding. There is no dedicated
budget line for AMR surveillance in most Ministry plans (29).

. High costs of maintaining quality control systems. Routine

internal and external quality assessments are either absent or
irregular in laboratories (30).

Delivery arrangement

1.

Poor laboratory quality management systems. Weak sample
tracking, delayed reporting, and lack of proficiency testing
compromise data validity (27).

Difficulties in collecting and transporting samples, especially in
remote areas. Inadequate transport systems and power outages
disrupt specimen cold chains (31).

Capacity gaps in the use of behaviour change models like COM-
B and audit-feedback mechanisms (31), inconsistent antibiotic
sensitivity testing (AST) practices and low-quality control (27).

Weak digitization. Many sites rely on handwritten registers and
data are deleted every 6 months (28).
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5. Inadequate training and behaviour change interventions for
veterinary professionals and farmers (32).

6. Easy access to veterinary medications by farmers without
prescription, which makes farmers resort to self-medication
instead of seeking veterinary advice (32).

Degree of implementation of an agreed-upon course of action

e The existing AMR National Action Plan prioritizes surveillance:
however, surveillance activities have not been fully implemented
(33).

e Lack of a harmonized AMR surveillance system and insufficient
information technology (IT) infrastructure impede the integration
of AMR data across institutions (15,25).

The underlying causes summarized above underscore the need for a whole-of-government
and a people-centred approach to integrating governance reforms, financing mechanisms,
laboratory capacity-building, and behavioral change interventions.



3. POLICY OPTIONS TO ADDRESS THE PROBLEM

The four policy options presented below are complementary and jointly contribute toward the
establishment of a National Integrated Surveillance System (NISS) for in Ghana (Table 2).
Their coordinated implementation would ensure cross-sectoral data flow and evidence-
based decision-making in line with WHO and One Health guidance.

Table 2. Four policy options/elements to address the problem

Option 1 Develop a robust national integrated AMR surveillance system, including
genomic surveillance

Option 2 Establish an AMR laboratory network (sentinel sites and reference laboratories)
to enhance surveillance from the environment, human health and animal health
sectors

Option 3 Establish harmonized/standardized surveillance protocols

Option 4 Develop feedback forums where surveillance data influence public health

decisions and outcomes

Policy option 1

Develop a robust national integrated AMR surveillance system,
including genomic surveillance

Overview and context

Ghana's fragmented AMR surveillance system makes it impossible to clarify the connections
between environmental, animal and human AMR (3). Additionally, logbooks and Excel
templates are frequently used for data entry, which makes data analysis laborious and time-
consuming and increases the likelihood of human error and underreporting.

A robust NISS will ensure real-time detection of AMR and help in early intervention and policy
decision-making (34-36).



The proposed NISS will build upon Ghana’s existing AMR Surveillance Framework and
GLASS participation, using interoperable data platforms to connect human, animal, and
environmental laboratories. The AMR Secretariat within the Ministry of Health could serve
as the national coordination node, with the Veterinary Services Directorate, EPA, and
Fisheries Commission as key implementing partners.

Evidence of impact

The benefits of an integrated national surveillance system were supported by at least eight
scoping reviews and two primary studies to include early detection, better quality AMR data,
and improved One Health collaboration of AMR-related activities as highlighted in Table 3.

Table 3. Summary of key findings from literature/scoping reviews and primary studies
relevant to policy option 1

Category Key findings

Benefits e Atleast three literature reviews and one primary study
showed that NISS provides comprehensive data on
AMR trends, allows for real-time detection of resistant
strains and easy access to real-time information by
health-care providers resulting in improved health
outcomes (15,34,35,37).

e At least two reviews found that NISS allows for the
provision of quality data for AMR policy decision-
making, including antimicrobial use restrictions and
infection prevention (36,38).

e Development of a NISS aligns with international
standards such as the Gilobal Antimicrobial
Resistance and Use Surveillance System (GLASS),
Study for Monitoring Antimicrobial Resistance Trends
(SMART) and Fleming Fund-supported models (15).

e A conceptual framework indicated that NISS will
improve One Health collaboration of AMR-related
activities (39).

® One scoping review and conceptual framework each
indicated that a NISS strengthens laboratory
systems, surveillance network and IT infrastructure
(40,41).

e A scoping review and primary study indicated
reduced empirical prescribing, cost savings from



Potential harms

Cost and/or cost—effectiveness in
relation to the status quo

Uncertainty regarding benefits and
potential harms

Stakeholders’ views

early containment, and improved policy precision as
some of the long-term benefits of a NISS (15,25).

There are data gaps due to uneven implementation or
lack of interoperability (27).

Ethical/legal issues may occur with data-sharing
across the public and private sectors (21).

High implementation complexity is required and a
need for technical expertise (40).

There is a risk of data misinterpretation or misuse if
not properly managed (42,43).

Upfront investment is needed in laboratory upgrades,
cloud-based dashboards, genomic sequencing
equipment and human capacity development (44).

Initial investment in infrastructure, training and
technology can be high (43).

Potential exists for funding support from international
organizations (45).

It is more cost-effective than fragmented, uncoordinated
surveillance efforts (45).

Effectiveness depends on sustained funding, trained
personnel and enforcement. Requires robust
monitoring and evaluation mechanisms to track data
quality and usage (44).

Effectiveness depends on level of collaboration
among the different health sectors (43).

Effectiveness depends on the quality and timeliness
of data collection and reporting (46,47).

Variability in implementation across regions could
affect outcomes. Requires continuous evaluation to
adapt to emerging AMR trends (46,48).

Public sector: advocates stronger regulation,
integrated One Health governance and cross-
sectoral data exchange (49).

Pharmaceutical industry stakeholders might have
mixed views depending on the implications of



Proposed Implementation Roadmap

antibiotic use as their aim is to drive use/sales leading
to more profit (50).

Private laboratories: seek technical guidance,
conduct capacity-building and install data capture
systems, e.g., WHONET integration (27).

There is a need for sustained funding to support
national surveillance programmes (46,51).

Public health authorities and health-care providers
generally support improved AMR surveillance
(30,49).

International Health Organizations (WHO, Food and
Agriculture Organization [FAQO], World Organisation
for Animal Health [WOAH]) advocate for integrated
AMR surveillance (30,52).

Civil society and consumer advocacy groups may
push for greater transparency in AMR data (53).

e Advocate for the passing of the national One Health policy which integrates the AMR policy

and other One Health-related issues

e Establish an inter-ministerial AMR Surveillance Task Force under the One Health Platform.

¢ Integrate WHONET/GLASS modules within national laboratory information systems.

¢ Introduce routine data-sharing agreements between public and private laboratories.

o Develop a sustainability plan integrating an AMR surveillance budget line within MoH, MoFA

and MEST annual plans.
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Policy option 2

Establish an AMR laboratory network (sentinel sites and reference laboratories)
to enhance surveillance from the environment,
human health and animal health sectors

Overview and context

The absence of a laboratory network of existing laboratories continues to perpetuate the
fragmentation of AMR surveillance. Evidence suggests that the establishment of a laboratory
network not only ensures standardization but also the availability of quality AMR data to
guide policy (40,54).

The network should adopt a tiered structure composed of a National Reference Laboratory,
regional sentinel laboratories, and district peripheral facilities. This hierarchy would facilitate
quality assurance, mentorship, and regular data flow to the NISS. Participation in regional
External Quality Assessment schemes should be institutionalized to ensure comparability
and reliability of results.

Evidence of impact

Table 4 shows the findings from two literature reviews, one primary study and two research
commentaries that provide evidence of the benefits in establishing an AMR laboratory
network.

Table 4. Summary of key findings from the literature review, research commentaries
and primary study relevant to policy option 2

Category Key findings

Benefits e A primary study shows that the establishment of a laboratory
network ensures the availability and continuous generation of
quality AMR data from selected laboratories for AMR
surveillance (54).

® A network ensures the availability of quality One Health AMR
data across the animal, environmental and human health
sectors to guide policy as shown by one literature review and
two research commentaries (40,55,56).

e The establishment of a laboratory network that includes
guidance from a national reference laboratory ensures
standardization of procedures across all selected laboratories,

11



Potential harms

Cost and/or cost—
effectiveness in relation to
the status quo

Uncertainty regarding
benefits and potential harm

Stakeholders’ views

as evidenced by one research commentary and one primary
study (40,54).

One primary study showed that the establishment of a
laboratory network enables timely feedback to clinicians,
leading to informed treatment choices and promotes
appropriate antibiotic use to limit the development of resistance
(57).

There is poor harmonization of AMR laboratory techniques
within and across different sectors (54,58).

Disparity exists in the availability of resources needed for routine
AMR surveillance across the different sectors (24,41).

There are differences in priority pathogens from sector to sector
(26).

The northern portions of the country contribute poorly due to
relatively low capacity (59).

Investment is needed in laboratory upgrades and human
capacity development (24,44).

Effectiveness depends on the quality and timeliness of data
collection and reporting (46,47).

Variability in implementation across sectors could affect
outcomes (24,41).

Private laboratories: they are concerned about technical
guidance, capacity-building and data integration (27).

Stakeholders across One Health sectors recommend the
establishment of a functional subcommittee to steer and
coordinate the laboratory network (60).

Empower local authorities in animal health surveillance (60).

Improve public—private partnerships for the surveillance
network (60).

12



Policy option 3

Establish harmonized/standardized surveillance protocols

Overview and context

The fragmented nature of AMR surveillance in Ghana means that there is a lack of
standardized surveillance protocols, which undermines representativeness, reliability and
integration of AMR data (3). Additionally, the use of harmonized protocols will aid the
detection of gaps across surveillance sites (61).

Harmonization of protocols should align with Quadripartite (FAO, WHO, WOAH, United
Nations Environment Programme [UNEP]) guidance and monitoring tools to enable
comparability at regional and global levels. Cross training sessions for laboratory and
surveillance officers from all sectors should accompany the adoption of new protocols.

Evidence of impact

Table 5 shows the findings from one systematic review, three literature reviews and three
primary studies that portray the benefits in establishing harmonized/standardized
surveillance protocols.

Table 5. Summary of key findings from systematic/literature reviews and primary
studies relevant to policy option 3

Category Key findings

Benefits e Two primary studies indicated that standardized protocols
improve the consistency and comparability of AMR data across
sectors and regions (27,28).

e Surveillance protocols facilitate integration into national and
global surveillance systems like GLASS (47).

e Two reviews showed that the establishment of standardized
protocols enhances the ability to detect resistance trends,
enabling a timely response (15,30).

e Standardized protocols promote multisectoral collaboration by
establishing common standards and methods (26).

e Evidence for policy and public health decision-making is
strengthened (36).

e Enables accurate data aggregation and analysis for targeted
interventions (54).
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Potential harms

Cost and/or cost—
effectiveness in relation to
the status quo

Uncertainty regarding
benefits and potential
harms

Stakeholders’ views

A systematic review and narrative review showed the cost—
effectiveness of the use of standardized surveillance protocols
through reduced duplication, improved coordination and
improved quality of data (30,45).

There is a possibility of excluding small laboratories due to their
inability to meet protocols, leading to data gaps (28).

There may be overreliance on standardized data while
neglecting contextual differences (42).

Moderate costs are needed for developing national protocols,
validation, training and dissemination (27,54).

The costs are lower than establishing new infrastructure; this
builds on existing systems (29,51).

Potential for international funding support is there if aligned with
One Health and GLASS (51).

Impact depends on enforcement of adherence to protocols
across the public and private sectors (41).

Variability in uptake and technical readiness of laboratories
could hinder standardization (30).

There is a need for robust monitoring to evaluate protocol
compliance and effectiveness (44,46).

Lack of quality control mechanisms in some laboratories may
undermine data reliability (13).

Public health authorities are supportive of standardization to
improve surveillance quality (37).

Veterinary and environmental sectors support harmonization
but request cross-training (23).

Private laboratories: they are concerned about cost and
capacity to comply with new protocols (27).

International partners (WHO, FAO, WAOH/OIE) are strongly
supportive due to alignment with global standards (52).

Donors and technical partners are willing to fund initiatives with
structured implementation frameworks (51).
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Policy option 4

Develop feedback forums to share surveillance data and
influence public health decisions and outcomes

Overview and context

Feedback forums exist at institutional levels for the human health, animal health and
environment sectors where AMR data are shared at meetings such as clinical meetings,
antimicrobial stewardship (AMS) committee meetings and infection prevention and control
(IPC) meetings. These have been shown to promote better prescribing practices and
responsible use of antimicrobials (3,62,63). However, for data to inform national public health
decisions and outcomes, a system for data-sharing from a One Health perspective must be
encouraged (64).

A national feedback mechanism should be anchored in the AMR Secretariat and linked to
the National One Health Committee and the AMR Platform. Regular quarterly data-sharing
meetings can be institutionalized between human, veterinary, and environmental
surveillance units, with outputs disseminated through clinical meetings, dashboards, and
national bulletins.

Evidence of impact

Evidence was found from three systematic reviews and five primary studies on the benefit of
developing feedback forums that influence public health decisions and outcomes (Table 6).

Table 6. Summary of key findings from systematic/literature reviews and primary
studies relevant to policy option 4

Category Key findings

Benefits e A systematic review showed that dissemination of Ghana’s AMR
surveillance data to prescribers can guide them to prescribe
antibiotics that are effective against locally prevalent resistant
strains. This reduces empirical prescribing and promotes
precision medicine, especially in rural areas where resistance
rates are high due to limited education and access (3).

e Ghana's AMR surveillance data can guide the development and
review of treatment guidelines for the animal health sector (65).
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Potential harms

Cost and/or cost—
effectiveness in relation to
the status quo

One systematic review and one primary study showed that the
development of feedback forums through data-driven prescribing,
peer learning and policy reinforcement could help bridge the gap
between surveillance data and clinical practice (62,66).

Two systematic reviews showed that feedback based on
guidelines through surveillance can significantly reduce
antimicrobial use (AMU) levels and shift patterns toward more
responsible use in livestock, companion animals and change
farm personnel’s behaviour from the use of antibiotics for non-
therapeutic purposes (63,67).

AMR surveillance feedback forums can tailor public campaigns
using real data to address misconceptions and promote
responsible antibiotic use (68).

One systematic review and one primary study indicated that
Ghana’s One Health AMR platform can use feedback forums to
integrate surveillance data from all sectors, improving national
coordination (3,69).

Quality or incomplete data risk: inaccurate or missing data can
lead to flawed conclusions, resulting in inappropriate AMU
policies or treatment guidelines (70,71).

Inaccurate or incomplete surveillance data, overgeneralization
from narrow datasets and delayed updates can lead to misguided
treatment guidelines and AMU policies. When hospital-based
data are applied to community settings without proper
adjustments, or when resistance trends are not promptly reflected
in guidelines, interventions risk being misaligned and treatments
rendered ineffective (72).

Clinical risks such as restricted access to necessary
antimicrobials, undertreatment or reliance on less effective
alternatives can arise from antimicrobial stewardship programme
(ASP) interventions. While reviews of ASPs generally report
positive average outcomes, they also caution against unintended
safety issues, particularly treatment delays associated with
preauthorization requirements (71-73).

Financial investment is needed in setting up and maintaining
feedback forums and communication channels (74).

Training costs are needed for stakeholders in interpreting and
applying surveillance data (75).
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Uncertainty
regarding benefits and
potential harms

Stakeholders’ views

Effectiveness depends on the quality and timeliness of
surveillance data (49).

Health-care providers may welcome improved guidance but
could be cautious about changes to prescribing practices (76).

Policymakers are likely to support evidence-based interventions
but concerned about cost and sustainability (77).

The pharmaceutical sector may express mixed views due to
potential reduction in antibiotic sales (78).
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4. IMPLEMENTATION CONSIDERATIONS

Successful implementation of the proposed policy options will require coordinated multi-
sectoral planning, sustainable domestic financing, and robust monitoring and evaluation
(M&E) mechanisms. The following tables present the key barriers that may influence
implementation and the corresponding counter strategies.

Policy option 1

Develop a robust national integrated AMR surveillance system,
including genomic surveillance

Table 7. Barriers to policy option 1 and corresponding counter strategies

Level

Patient/ °
Farmer

Professional

Organization o

Barriers

There may be pressure from patients
demanding antibiotics and high use of
antibiotics by farmers in animal feed
(79-81).

Overreliance may be placed on
empirical treatment due to limited
diagnostic tools (82).

There is weak enforcement of
antibiotic regulations in pharmacies
and hospitals, and the veterinary
sector (86).

Funding for AMR surveillance and
control programmes is limited (87,88).

Data collection is fragmented, and
reporting systems are poor (45).

Weak governance and coordination
among the health sectors (91).

The supply of quality-assured
antibiotics is insufficient (92).
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Counterstrategies

Conduct public education
campaigns using radio, TV and
social media (83).

Improve diagnostic capacity with
rapid testing kits (84).

Carry out community-based
interventions to promote rational
antibiotic use (85).

Conduct  continuing  medical
education programmes on AMR
and responsible prescribing (89).

Enforce strict guidelines for
antibiotic prescriptions (90).

Strengthen regulatory frameworks
with penalties for non-compliance
(93).



System

® Laboratory infrastructure for AMR e

surveillance is limited (30,59).

e Weak governance and coordination e

among health sectors (91,95).

e Insufficient supply of quality-assured e

antibiotics (92).

e Limited laboratory infrastructure for e

AMR surveillance (30,59).

Policy option 2

Increase government and donor
funding for AMR programmes
(94).

Develop  standardized data
collection systems and reporting
mechanisms (54).

Establish a national AMR task
force to coordinate policies (31).

Implement supply chain management
systems to prevent shortages (93).

Invest in laboratory capacity-building
and diagnostic technologies (59).

Establish an AMR laboratory network (sentinel sites and reference laboratories)
to enhance surveillance from the environment,
human health and animal health sectors

Table 8. Barriers to policy option 2 and corresponding counter strategies

Level

Patient/
Farmer

Barriers Counterstrategies

e There is poor patronage of laboratory e
services by individuals and farmers
(59).
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Encourage patronage of
laboratory services with
awareness creation campaigns
and introduction of laboratory
subsidies for groups of interest
(21,59).

Improve public accessibility to data
to encourage interest in AMR
surveillance (21,59).



Professional o

Organization

System °

Policy option 3

There are challenges in capacity-
building and training (21).

Governance and coordination among
health sectors is weak (91).

There are challenges with supply
chain management of necessary
laboratory reagents (30,82).

Laboratory quality = management
standards among sectors are poor
(41).

Data collection and reporting systems
are weak (54).

Weak governance and coordination
among health sectors (91,95).

Laboratory infrastructure for AMR
surveillance is limited (30,59).

Invest in laboratory capacity-
building and diagnostic

technologies (21,59).

Establish a national AMR task
force to coordinate policies (31).

Implement supply chain
management systems to prevent
shortages (93).

Invest in a laboratory quality
management system geared
towards accreditation (59).

Develop standardized data
collection systems and reporting
mechanisms (54).

Establish a national AMR task
force to coordinate policies (31).

Invest in laboratory capacity-
building and diagnostic

technologies (59).

Establish harmonized/standardized surveillance protocols

Table 9. Barriers to policy option 3 and corresponding counter strategies

Level

Patient/ °
General
public

Barriers

There are limited awareness of
AMR and its implications (96).

There are misconceptions about the
purpose of AMR surveillance (e.g.
fear of data misuse) (97).
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Counterstrategies

Conduct community-focused
education using radio and TV in the
local languages (83).

Involve community leaders and civil
society in advocacy (53,99).



Professional

Organization

System

Trust is low in public institutions e

managing surveillance data (98).

Training is limited to standardized e

protocols and tools (e.g. WHONET)
(30).

There is resistance from
stakeholders to transition to new
standardized procedures (41).

There is resistance to increased

reporting demands without
incentives (101).
Communication and feedback

mechanisms are poor between
national surveillance teams and
frontline staff (30).

Infrastructure is inadequate (e.g.
unstable power supply, poor
Internet  connection, lack of
equipment) (30).

Disparities exist in laboratory
capacity and IT systems across
regions (30).

There is a lack of internal
coordination between the human,
animal and environmental
departments (30).

No legal mandate requires reporting
of AMR data by private or veterinary
laboratories (86).

Governance is fragmented and
vertical programmes are driven by
donors (45).
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Incorporate AMR into routine public
health education and outreach
programmes (100).

Provide continuous professional
development and on-site mentorship
(30,89).

Engage with stakeholders early in
the policy development process.
Provide training and continuous
medical education on the
importance of AMR and the new
protocols. Offer incentives or
technical support to encourage
compliance and participation (102).

Establish feedback mechanisms
linking surveillance data to local
decision-making (41).

Upgrade laboratory infrastructure
and connectivity in underserved
areas (29).

Standardize tools and reporting
formats across all sectors (26).

Promote internal  multisectoral
collaboration through One Health
technical working groups (26).

Enact regulations making
standardized AMR surveillance
mandatory across sectors (21).

Establish a national coordination
platform with a clear mandate to
align donor support and integrate



Policy option 4

AMR surveillance is not prioritized in
the national budget or health
strategy (103).

There is a lack of political will and
financial sustainability (102).

AMR surveillance into national
planning (51).
Institutionalize harmonized

protocols in the AMR National Action
Plan with multisectoral leadership
(104).

Advocate for the inclusion of AMR
surveillance in national health
agendas and action plans. Secure
dedicated, long-term funding from
government budgets and
international partners (93,94).

Develop feedback forums to share surveillance data and
influence public health decisions and outcomes

Table 10. Barriers to policy option 4 and corresponding counter strategies

Level

Patient/ °
Farmers

Barriers

With limited foundational knowledge
on AMR, patients and farmers may
not engage meaningfully in feedback
forums or adopt responsible AMU
behaviours (3,68).

Economic constraints, cost of health
care and antibiotics lead to self-
medication or incomplete treatment
(65,105).

There is a high rate of self-
medication/over the counter
(OTC) antibiotic access in Ghana,
therefore updated guidelines or

22

Counterstrategies

Enhance public education and tailor
it to simplify technical language and
use culturally relevant
communication strategies (3).

Strengthen regulation/enforcement

for pharmacies and chemical
sellers and consider targeted
training and accreditation

programmes for OTC medicine
sellers, so that they dispense
appropriately (65).



Professional

surveillance messages will not reach
or change patients’ behaviour unless
OTC supply is addressed (65,106).

There are insufficient knowledge and
inadequate awareness of AMS
among professionals and there are
still gaps in their ability to put
knowledge into practice leading to
poor uptake of guidelines (107).

There are behavioural change
limitations despite the training of
health-care professionals (108).

Professionals who are ambassadors
for a certain brand of drugs and
receiving incentives may not be
willing to accept new guidelines and
push public education effectively
(109,110).

Some health-care professionals may
perceive stewardship feedback as
restrictive, undermining clinical
autonomy or creating tensions
among colleagues (e.g. between
infectious disease specialists and
others), further disincentivizing
engagement (111).

Trust issues, increased workload
and resistance from stakeholders or
political actors can hinder the
success of ASPs and feedback
forums. Surveys and systematic
reviews have shown that clinicians
often express concerns about losing
autonomy, feeling that interventions
are imposed from the top down, and
question the acceptability of new
guidelines (112,113).
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Design multifaceted training
interventions that improve
professional knowledge capacities
and competence in AMS and
improve adherences to guidelines
(108).

Include behaviour-change
strategies in educational
interventions (108).

Enforce regulation of professionals
on being ambassadors for brands
by regulatory authorities (114,115).

Provide feedback and share
findings during clinical meetings
and ward rounds, as this leads to
productive discussions about AMS
interventions, facilitating
engagement rather than resistance
(116).



Organization

System

Pharmaceutical
sabotage the implementation of new
treatment guidelines to save their
investment (117).

Weak laboratory and surveillance
infrastructure lead to limited uneven
AMR surveillance data (13,87).

Inadequate commitment  from
hospital or health system
management leads to low
prioritization of AMS and
surveillance-based feedback
mechanisms, hampering

implementation and sustainability
(118).

Delays in communication and an
underdeveloped reporting  and
management system will affect data
dissemination and professionals' full
involvement (120).

There are weak governance and
coordination among the health
sectors (95).

Sustainability and monitoring

companies e

Keep companies informed during
the process of review of treatment
guidelines and developing a
roadmap to phase out old practices
and drugs (119).

Conduct phased strengthening of
sentinel laboratories, invest in basic
microbiology and use simpler,
standardized reporting templates
while building technical
capacity (87).

Ensure that the management and
reporting system in human health
and animal health system are well
developed to ensure timely
intervention (121).

Establish a national AMR task force
to coordinate policies (31).

To ensure the longevity and impact of AMR surveillance beyond donor support,

e Activities should be institutionalized within national systems through the establishment of
dedicated budget lines for AMR surveillance within the annual plans of the MoH and MoFA.

¢ AMR indicators should be integrated into the national Health Sector Monitoring and Evaluation
Framework and routine TrACSS reporting to track progress and accountability.

o Periodic joint evaluations should be conducted to assess data quality, completeness,
timeliness, and the effectiveness of feedback mechanisms.

¢ In addition, partnerships with academic and research institutions should be strengthened to
analyze AMR trends, generate operational evidence, and facilitate the translation of data into
policy and practice.

24



REFERENCES

10.

11.

Aslam B, Wang W, Arshad MI, Khurshid M, Muzammil S, Rasool MH et al. Antibiotic resistance:
a rundown of a global crisis. Infect Drug Resist. 2018;2018:1645-58. DOI:
https://doi.org/10.2147/IDR.S173867

Limmathurotsakul D, Dunachie S, Fukuda K, Feasey NA, Okeke | N, Holmes AH et al.
Improving the estimation of the global burden of antimicrobial resistant infections. Lancet Infect
Dis. 2019;19(11):e392—e398. DOI: htips://doi.org/10.1016/S1473-3099(19)30276-2

Donkor ES, Odoom A, Osman AH, Darkwah S, Ktey FCN. A systematic review on
antimicrobial resistance in Ghana from a One Health perspective. Antibiotics (Basel).
2024;13(7):662. DOI: 10.3390/antibiotics13070662.

Kariuki S, Kering K, Wairimu C, Onsare R, Mbae C. Antimicrobial resistance rates and
surveillance in sub-Saharan Africa: where are we now? Infect Drug Resist. 2022;15:3589—
3609. DOI: https://doi.org/10.2147/IDR.S342753

Antimicrobial resistance (AMR). Seattle WA: Institute for Health Metrics and Evaluation (IHME);
N.D. (https://www.healthdata.org/research-analysis/health-risks-issues/antimicrobial-
resistance-amr, accessed 13 October 2025).

Collignon PJ, McEwen SA. One Health — its importance in helping to better control
antimicrobial resistance. Trop Med Infect Dis. 2019;4(1):22. DOI:
https://doi.org/10.3390/TROPICALMED4010022

Velazquez-Meza ME, Galarde-L6pez M, Carrillo-Quir6z B, Alpuche-Aranda CM. Antimicrobial
resistance: One  Health approach. Vet World. 2022;15(3):743-49. DOI:
https://doi.org/10.14202/VETWORLD.2022.743-749

Akande-Sholabi W, Oyesiji E. Antimicrobial stewardship: knowledge, perceptions, and factors
associated with antibiotics misuse among consumer’s visiting the community pharmacies in a
Nigeria Southwestern state. J Pharm Policy Pract. 2023;16(1):120. DOI:
https://doi.org/10.1186/S40545-023-00629-X

Murray CJ, lkuta KS, Sharara F, Swetschinski L, Robles Aguilar G, Gray A et al. Global burden
of bacterial antimicrobial resistance in 2019: a systematic analysis. Lancet.
2022;399(10325):629-55. DOI: https://doi.org/10.1016/S0140-6736(21)02724-0

Faleye AC, Adegoke AA, Ramluckan K, Bux F, Stenstrém TA. Antibiotic residue in the aquatic
environment: status in  Africa. Open Chemistry. 2018;16(1):890-903. DOI:
https://doi.org/10.1515/chem-2018-0099

Otoo BA, Amoabeng IA, Darko G, Borquaye LS. Antibiotic and analgesic residues in the
environment — occurrence and ecological risk study from the Sunyani municipality, Ghana.
Toxicol Reps. 2022;9:1491-1500. DOI: https://doi.org/10.1016/J. TOXREP.2022.07.003

25


https://doi.org/10.2147/IDR.S173867
https://doi.org/10.1016/S1473-3099(19)30276-2
https://www.healthdata.org/research-analysis/health-risks-issues/antimicrobial-resistance-amr
https://www.healthdata.org/research-analysis/health-risks-issues/antimicrobial-resistance-amr
https://doi.org/10.14202/VETWORLD.2022.743-749
https://doi.org/10.1016/J.TOXREP.2022.07.003

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hailat E, Amiri M, Debnath N, Rahman M, Nurul Islam M, Fatima Z et al. Strengthening the
One Health approach in the Eastern Mediterranean Region. Interact J Med Res.
2023;12(1):e41190. DOI: https://doi.org/10.2196/41190

Egyir B, Bortey A, Duedu KO, Boateng G, Bekoe FA, Hedidor G et al. Implementation of
antimicrobial resistance surveillance in Ghana using the Integrated Disease Surveillance and
Response strategy. Afr J Lab Med. 2024;13(1):5. DOI:
https://doi.org/10.4102/AJLM.V1311.2404

Ahmed SK, Hussein S, Qurbani K, Ibrahim RH, Fareeq A, Mahmood KA et al. Antimicrobial
resistance: impacts, challenges, and future prospects. J Med Surg Public Health.
2024;2:100081. DOI: https://doi.org/10.1016/J.GLMEDI.2024.100081

Canton R, Gottlieb T, Coombs GW, Woo PCY, Korman T M, Garcia-Castillo M et al.
Antimicrobial surveillance: a 20-year history of the SMART approach to addressing global
antimicrobial resistance into the future. Int J Antimicrob Agents. 2023;62(6):107014. DOI:
https://doi.org/10.1016/J.IJANTIMICAG.2023.107014

Otieku E, Kurtzhals JAL, Fenny AP, Ofori AO, Labi AK, Enemark U. Healthcare provider cost
of antimicrobial resistance in two teaching hospitals in Ghana. Health policy and planning.
2024;39(2):178-87. DOI: https://doi.org/10.1093/HEAPOL/CZAD114

Otieku E, Fenny AP, Labi AK, Ofori AO, Kurtzhals JAL, Enemark U. Attributable patient cost
of antimicrobial resistance: a prospective parallel cohort study in two public teaching hospitals
in Ghana. Pharmacoecon Open. 2023;7(2):257-71. DOI:
https://link.springer.com/article/10.1007/s41669-022-00385-9

Anyaegbunam ZKG, Mba IE, Doowuese Y, Anyaegbunam NJ, Mba T, Aina FA et al.
Antimicrobial resistance containment in Africa: moving beyond surveillance. Biosaf Health.
2024;6(1):50-58. https://doi.org/10.1016/J.BSHEAL.2023.12.003

19. Challenges for the development of new antimicrobials— rethinking the approaches: report
of a workshop. In: New classes of antimicrobials; National Research Council (US) Committee
on new directions in the study of antimicrobial therapeutics: immunomodulation. Treating
infectious diseases in a microbial world: report of two workshops on novel antimicrobial
therapeutics. ~ Washington  (DC):  National = Academies Press (US); 2006
(https://www.ncbi.nlm.nih.gov/books/NBK19843/, accessed 13 October 2025).

Grace D, Uyttendaele M, Franz E, Schluter O. Food safety in low and middle income countries.
Int J Environ Res Public Health. 2015;12(9):10490-507. DOI:
https://doi.org/10.3390/IJERPH120910490

Lynch JA, Silva P. Integrating animal health and food safety surveillance data from
slaughterhouse control. Rev Sci Tech. 2013;32(2):409-16. DOI:
http://dx.doi.org/10.20506/rst.32.2.2228

Mshana SE, Matee M, Rweyemamu M. Antimicrobial resistance in human and animal
pathogens in Zambia, Democratic Republic of Congo, Mozambique and Tanzania: an urgent
need of a sustainable surveillance system. Ann Clin Microbial Antimicrob. 2013;12(1):1-10.
DOI: https://doi.org/10.1186/1476-0711-12-28

26


https://doi.org/10.4102/AJLM.V13I1.2404
https://doi.org/10.1016/J.GLMEDI.2024.100081
https://doi.org/10.1016/J.IJANTIMICAG.2023.107014
https://www.ncbi.nlm.nih.gov/books/NBK19843/

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ariyawansa, Gunawardana KN, Hapudeniya MM, Manelgamage NJ, Karunarathne CR,
Madalagama RP et al. One Health surveillance of antimicrobial use and resistance: challenges
and successes of implementing surveillance programs in Sri Lanka. Antibiotics (Basel).
2023;12(3):446. DOI: https://doi.org/10.3390/ANTIBIOTICS12030446

Beyene AM, Andualem T, Dagnaw GG, Getahun M, LedJeune J, Ferreira JP. Situational
analysis of antimicrobial resistance, laboratory capacities, surveillance systems and
containment activities in Ethiopia: a new and one health approach. One Health. 2023;16:
100527. https://doi.org/10.1016/J.ONEHLT.2023.100527

Miltenburg C, Pasma T, Todd K, Barham M, Moore A. The Ontario Animal Health Network:
enhancing disease surveillance and information sharing through integrative data sharing and
management. J Vet Diagn Invest. 2021;33(3):448-56. DOI: 10.1177/10406387211003910.

Ruckert A, Harris F, Aenishaenslin C, Aguiar R, Boudreau-LeBlanc A, Carmo LP et al. One
Health governance principles for AMR surveillance: a scoping review and conceptual
framework. Research Directions: One Health. 2024;2(2):e4. DOI:
https://doi.org/10.1017/ONE.2023.13

Sujan MJ, Habib ZH, Rahman A, Shahriar R, Barua HT, Aboushady AT et al. Antimicrobial
resistance surveillance methods in Bangladesh: present and way forward. Clin Infect Dis.
2023;77(7):S549—-S559. DOI: https://doi.org/10.1093/CID/CIAD561

Yadav SK, Shrestha L, Acharya J, Gompo TR, Chapagain S, Jha R. Integrative digital tools to
strengthen data management for antimicrobial resistance surveillance in the “One Health”
domain in Nepal. Trop Med Infect Dis. 2023;8(6):291. DOI:
https://doi.org/10.3390/tropicalmed8060291

Delpy L, Astbury CC, Aenishaenslin C, Ruckert A, Penney TL, Wiktorowicz M et al. Integrated
surveillance systems for antibiotic resistance in a One Health context: a scoping review. BMC
Pub Health, 2024;24(1):1-21. DOI: https://doi.org/10.1186/5s12889-024-19158-6

Musa K, Okoliegbe |, Abdalaziz T, Aboushady AT, Stelling J, Gould IM. Laboratory
surveillance, quality management, and Its role in addressing antimicrobial resistance in Africa:
a narrative review. Antibiotics (Basel). 2023;12(8):1313. DOI:
https://doi.org/10.3390/antibiotics12081313

Mori V, Grant G, Hattingh L. Evaluation of antimicrobial resistance surveillance data sources
in primary care setting: a scoping review. Fam Pract. 2023;42(2):13. DOI:
https://doi.org/10.1093/fampra/cmaf013

Regan A, Burrell A, McKernan C, Martin H, Benson T, McAloon C et al. Behaviour change
interventions for responsible antimicrobial use on farms. Ir Vet J. 2023;76(1):1-13. DOI:
https://doi.org/10.1186/S13620-023-00236-X

Hein W, Aglanu LM, Mensah-Sekyere M, Harant A, Brinkel J, Lamshéft M et al. Fighting
antimicrobial resistance: development and implementation of the Ghanaian national action
plan (2017-2021). Antibiotics (Basel). 2022;11(5):613. DOI:
https://doi.org/10.3390/antibiotics11050613

27


https://doi.org/10.1016/J.ONEHLT.2023.100527
https://doi.org/10.1017/ONE.2023.13
https://doi.org/10.1093/CID/CIAD561
https://doi.org/10.1186/S13620-023-00236-X4

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Perez F, Villegas MV. The role of surveillance systems in confronting the global crisis of
antibiotic-resistant  bacteria. Curr Opin Infect Dis. 2015;28(4):375-383). DOI:
10.1097/QC0O.0000000000000182. https://journals.lww.com/co-
infectiousdiseases/abstract/2015/08000/the_role _of surveillance systems _in_confronting.1

4.aspx

Hendriksen RS, Bortolaia V, Tate H, Tyson GH, Aarestrup FM, McDermott PF. Using
genomics to track global antimicrobial resistance. Front Public Health. DOI:
10.3389/fpubh.2019.00242. https://www.frontiersin.org/journals/public-
health/articles/10.3389/fpubh.2019.00242/full

Aboushady AT, Sujan MJ, Pham K, Clark A, Marks F, Holm M et al. Key recommendations for
antimicrobial resistance surveillance: takeaways from the CAPTURA project. Clin Infect Dis.
2023;77:5581-87. DOI: https://doi.org/10.1093/cid/ciad487

Bertagnolio S, Suthar AB, Tosas O, Van Weezenbeek K. Antimicrobial resistance:
strengthening surveillance for public health action. PLoS Med. 2023;20(7):e1004265. DOI:
https://doi.org/10.1371/journal.pmed.1004265

Karp BE, Tate H, Plumblee JR, Dessai U, Whichard JM, Thacker EL et al. National
antimicrobial resistance monitoring system: two decades of advancing public health through
integrated surveillance of antimicrobial resistance. Foodborne Pathog Dis. 2017;14(10):545—
57. DOI: https://doi.org/10.1089/fpd.2017.2283

Queenan K, Hasler B, Rushton J. A One Health approach to antimicrobial resistance
surveillance: is there a business case for it? Intl J Antimicrob Agents. 2016;48(4):422—7. DOI:
https://doi.org/10.1016/J.1IJANTIMICAG.2016.06.014

Seale AC, Hutchison C, Fernandes S, Stoesser N, Kelly H, Lowe B et al. Supporting
surveillance capacity for antimicrobial resistance: laboratory capacity strengthening for drug
resistant infections in low- and middle-income countries. Wellcome Open Res. 2017;2:91. DOI:
https://doi.org/10.12688/wellcomeopenres.12523.1

Do PC, Assefa YA, Batikawai SM, Reid SA. Strengthening antimicrobial resistance
surveillance systems: a scoping review. BMC Infect Dis. 2023;23(1):1-20. DOI:
https://doi.org/10.1186/s12879-023-08585-2

Ndagire R, Obuku EA, Segawa I, Atim F, Lwanira CN, Wangi RN et al. Knowledge, attitude,
and practices regarding antibiotic use and antimicrobial resistance among urban slum dwellers
in Uganda. Antimicrob Resist Infect Control. 2025;14(1):12. https://doi.org/10.1186/s13756-
025-01517-6

Peters AC, Larsson DGJ, Laxminarayan R, Munthe C. Barriers and pathways to environmental
surveillance of antibiotic resistance in middle- and low-income settings: a qualitative
exploratory key expert study. Glob Health Action. 2024;17(1) 2343318.
https://doi.org/10.1080/16549716.2024.2343318

Abrudan M, Matimba A, Nikolic D, Hughes D, Argimén S, Kekre M et al. Train-the-trainer as
an effective approach to building global networks of experts in genomic surveillance of
antimicrobial  resistance (AMR). Clin Infect Dis. 2021;73(4):S283-89. DOI:
https://doi.org/10.1093/cid/ciab770

28


https://doi.org/10.1093/cid/ciad487
https://doi.org/10.1186/s13756-025-01517-6
https://doi.org/10.1186/s13756-025-01517-6
https://doi.org/10.1080/16549716.2024.2343318

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Iskandar K, Molinier L, Hallit S, Sartelli M, Hardcastle TC, Haque M et al. Surveillance of
antimicrobial resistance in low- and middle-income countries: a scattered picture. Antimicrob
Resist Infect Control. 2021;10(1):1-19. DOI: https://doi.org/10.1186/S13756-021-00931-W

Okolie OJ, Igwe U, Ismail SU, Ighodalo UL, Adukwu EC. Systematic review of surveillance
systems for AMR in Africa. J Antimicrob Chemother. 2023;78(1):31-51. DOI:
https://doi.org/10.1093/jac/dkac342

Integrated surveillance of antimicrobial resistance: guidance from a WHO Advisory Group.
Geneva: World Health Organization; 2013
(https://iris.who.int/bitstream/handle/10665/91778/9789241506311_eng.pdf?sequence=1,
accessed 15 October 2025).

Naylor NR, Lines J, Waage J, Wieland B, Knight GM. Quantitatively evaluating the cross-
sectoral and One Health impact of interventions: a scoping review and case study of
antimicrobial resistance. One Health. 2020;11:100194. DOI:
https://doi.org/10.1016/J.ONEHLT.2020.100194

Al-Haboubi M, Trathen A, Black N, Eastmure E, Mays N. Views of health care professionals
and policy-makers on the use of surveillance data to combat antimicrobial resistance. BMC
Pub Health. 2020; 20(1):1-10. DOI: https://doi.org/10.1186/S12889-020-8383-8

Pokharel S, Adhikari B, Johnson T, Cheah PY. Interventions to address antimicrobial
resistance: an ethical analysis of key tensions and how they apply in low-income and middle-
income countries. BMJ Glob Health. 2024;9(4):e012874. DOI:
https://doi.org/10.1136/BMJGH-2023-012874

Painter C, Limmathurotsakul D, Roberts T, van Doorn HR, Mayxay M, Lubell Y et al.
Sustainable antimicrobial resistance surveillance: time for a global funding mechanism. Lancet
Infect Dis. 2025;25(2):€99-e103. DOI: https://doi.org/10.1016/S1473-3099(24)00649-2

FAO-OIE-WHO One Health approach to AMR mitigation and safer food in the Asia-Pacific
region. New Delhi: World Health Organization Regional Office for SE Asia; 24 November 2022
(https://www.who.int/publications/i/item/sea-whe-15, accessed 15 October 2025).

Fraser JL, Alimi YH, Varma JK, Muraya T, Kujinga T, Carter VK et al. Antimicrobial resistance
control efforts in Africa: a survey of the role of civil society organizations. Glob Health Action.
2021;14(1):1868055. DOI: https://doi.org/10.1080/16549716.2020.1868055

Kim H, Park JS, Kim D, Kim HJ, Shin JH, Kim YA et al. Standardization of an antimicrobial
resistance surveillance network through data management. Front Cell Infect Microbiol.
2024;14:1411145. DOI: https://doi.org/10.3389/FCIMB.2024.1411145

White A, Hughes JM. Critical importance of a One Health approach to antimicrobial
resistance. Ecohealth. 2019;16(3):404—9. DOI: https://doi.org/10.1007/s10393-019-01415-5

Mudenda S, Chabalenge B, Daka V, Mfune RL, Salachi KI, Mohamed S et al. Global strategies
to combat antimicrobial resistance: a One Health perspective. Pharmacol
Pharm. 2023;14(8):271-328. DOI: 10.4236/pp.2023.148020.

29


https://doi.org/10.1186/S13756-021-00931-W
https://iris.who.int/bitstream/handle/10665/91778/9789241506311_eng.pdf?sequence=1
https://doi.org/10.1186/S12889-020-8383-8/PEER-REVIEW
https://www.who.int/publications/i/item/sea-whe-15
https://doi.org/10.3389/FCIMB.2024.1411145/FULL

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Lee CR, Cho IH, Jeong BC, Lee, SH. Strategies to minimize antibiotic resistance. Intl J Environ
Res Public Health. 2013;10(9):4274-305. DOI: 10.3390/ijerph10094274.

Thakur D, Rana K, Soodan M. Integrated antibiotic resistance surveillance: importance of
harmonization and quality assurance of antibiotic susceptibility testing. Curr Sci.
2023;125(3):268. DOI: 10.18520/cs/v125/i3/268-276.

Opintan JA, Newman MJ, Arhin RE, Donkor ES, Gyansa-Lutterodt M, Mills-Pappoe W.
Laboratory-based nationwide surveillance of antimicrobial resistance in Ghana. Infect Drug
Resist. 2015;8:379-89. DOI: https://doi.org/10.2147/IDR.S88725

Bordier M, Goutard FL, Antoine-Moussiaux N, Pham-Duc P, Lailler R, Binot A. Engaging
stakeholders in the design of One Health surveillance systems: a participatory approach. Front
Vet Sci. 2021;8:646458. DOI: https://doi.org/10.3389/fvets.2021.646458

Donkor ES, Muhsen K, Johnson SA, Kotey C, Dayie NT, Tetteh-Quarcoo PB et al. Multicenter
surveillance of antimicrobial resistance among Gram-negative bacteria isolated from
bloodstream infections in Ghana. Antibiotics (Basel). 2023;12(2), 255. DOI:
10.3390/antibiotics 12020255.

Amponsah OKO, Ayisi-Boateng NK, Nagaraja SB, Nair D, Muradyan K, Hedidor GK et al.
Adherence to prescribing indicators at a district hospital in Ghana: do we match WHO
standards? Int J Environ Res Public Health. 2022;19(19):12260. DOI:
https://doi.org/10.3390/IJERPH191912260.

Ekiri A, Haesler B, Mays N, Staerk K, Mateus A. Impact of guidelines and recommendations
on the level and patterns of antimicrobial use in livestock and companion animals. Surrey, UK:
Policy Information and Evaluation Research Unit, University of Surrey; 2019
(https://openresearch.surrey.ac.uk/esploro/outputs/report/Impact-of-guidelines-and-
recommendations-on/99634166302346#details, accessed 15 October 2025).

Redman-White CJ, Loosli K, Qarkaxhija V, Lee TN, Mboowa G, Wee BA et al. A digital One
Health framework to integrate data for public health decision-making. IJID One Health.
20283;1:100012. DOI: https://doi.org/10.1016/}.ijidoh.2023.100012

Afari-Asiedu S, Hulscher M, Abdulai MA, Boamah-Kaali E, Wertheim HFL, Asante KP.
Stakeholders’ perspectives on training over the counter medicine sellers and community-
based health planning and services facilities to dispense antibiotics in Ghana. J Pharm Policy
Pract. 2021;14(1):62. DOI: https://doi.org/10.1186/S40545-021-00349-0

Gobezie MY, Tesfaye NA, Faris AG, Hassen M. Surveillance of antimicrobial utilization in
Africa: a systematic review and meta-analysis of prescription rates, indications, and quality of
use from point prevalence surveys. Antimicrob Resist Infect Control. 2024;13(1):1-13. DOI:
10.1186/s13756-024-01462-w.

ElSayed N, Amine A, El-Attar L, Amin M. Antimicrobial use in animal farms in Egypt: rates,
patterns, and determinants. J Egypt Public Health Assoc. 2025;100(1):1-12. DOI:
10.1186/s42506-024-00180-w.

30


https://doi.org/10.2147/IDR.S88725
https://doi.org/10.3389/fvets.2021.646458
https://openresearch.surrey.ac.uk/esploro/outputs/report/Impact-of-guidelines-and-recommendations-on/99634166302346#details
https://openresearch.surrey.ac.uk/esploro/outputs/report/Impact-of-guidelines-and-recommendations-on/99634166302346#details
https://doi.org/10.1016/j.ijidoh.2023.100012

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Jimah T, Fenny AP, Ogunseitan OA. Antibiotics stewardship in Ghana: a cross-sectional study
of public knowledge, attitudes, and practices among communities. One Health Outlook.
2020;2(1):1—10. DOI: https://doi.org/10.1186/S42522-020-00021-8

Koduah A, Gyansa-Lutterodt M, Hedidor GK, Sekyi-Brown R, Asiedu-Danso M, Asare B et al.
Antimicrobial resistance national level dialogue and action in Ghana: setting and sustaining
the agenda and outcomes. One Health Outlook. 2021;3(1):1-12. DOI:
https://doi.org/10.1186/S42522-021-00051-W

Kiggundu R, Lusaya E, Seni J, Waswa JP, Kakooza F, Tjipura D et al. Identifying and
addressing challenges to antimicrobial use surveillance in the human health sector in low- and
middle-income countries: experiences and lessons learned from Tanzania and Uganda.
Antimicrob Res Infect Control. 2023;12(1):1-8. DOI: htips://doi.org/10.1186/S13756-023-
01213-3

Zay Ya K, Patel J, Fink G. Assessing the impact of antimicrobial resistance policies on
antibiotic use and antimicrobial resistance-associated mortality in children and adults in low
and middle-income countries: a global analysis. BMJ Public Health. 2025;3(1):e000511. DOI:
https://doi.org/10.1136/BMJPH-2023-000511

Xu AXT, Brown K, Schwartz KL, Aghlmandi S, Alderson S, Brehau JC et al. Audit and
feedback interventions for antibiotic prescribing in primary care: a systematic review and meta-
analysis. Clin Infect Dis. 2025;80(2):253—62. DOI: https://doi.org/10.1093/CID/CIAE604

Chung GW, Wu JE, Yeo CL, Chan D, Hsu LY. Antimicrobial stewardship: a review of
prospective audit and feedback systems and an objective evaluation of outcomes. Virulence,
2013;4(2):51. DOI: hitps://doi.org/10.4161/VIRU.21626

Virhia J, Laurie E, Lembo T, Seni J, Pollack R, Davis A et al. Developing a logic model for
communication-based interventions on antimicrobial resistance (AMR). PLOS Glob Public
Health. 2014;4(6):€0002965. DOI: htips://doi.org/10.1371/JOURNAL.PGPH.0002965

Poudyal N, Holm M, Joh HS, Gautam S, Sujan MJ, Kwon SY et al. Effective stakeholder
engagement for collation, analysis and expansion of antimicrobial resistance (AMR) data: a
CAPTURA experience. Clin Infect Dis. 2023;77(7)S519-27. DOI:
https://doi.org/10.1093/CID/CIAD585

Sanchez GV, Roberts RM, Albert AP, Johnson DD, Hicks LA. Effects of knowledge, attitudes,
and practices of primary care providers on antibiotic selection, United States. Emerg Infect
Dis. 2014;20(12):2041-47. DOI: https://doi.org/10.3201/eid2012.140331

Khurana MP. Essack S, Zoubiane G, Sreenivasan N, Cordoba GC, Westwood E et al.
Mitigating antimicrobial resistance (AMR) using implementation research: a development
funder’s approach. JAC Antimicrob Resist. 2023;5(2):dlad031. DOI:
https://doi.org/10.1093/JACAMR/DLADO031

Edwards SE, Morel CM, Busse R, Harbarth S. Combatting antibiotic resistance together: how
can we enlist the help of industry? Antibiotics (Basel). 2014;7(4):111. DOI:
0.3390/antibiotics7040111.

31


https://doi.org/10.1371/JOURNAL.PGPH.0002965

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Stalsby Lundborg C, Tamhankar AJ. Understanding and changing human behaviour—
antibiotic mainstreaming as an approach to facilitate modification of provider and consumer
behaviour. Ups J Med Sci. 2014;119(2):125-33. DOI: 0.3109/03009734.2014.905664.

Lucas PJ, Cabral C, Hay AD, Horwood J. A systematic review of parent and clinician views
and perceptions that influence prescribing decisions in relation to acute childhood infections
in primary care. Scan J Prim Health Care. 2015;33(1):11-20. DOI:
10.3109/02813432.2015.1001942.

Tangcharoensathien V, Chanvatik S, Sommanustweechai A. Complex determinants of
inappropriate use of antibiotics. Bull World Health Organ. 2018;96(2):141. DOI:
10.2471/BLT.17.199687.

Kuupiel D, Bawontuo V, Donkoh A, Drain PK, Mashamba-Thompson TP. Empirical framework
for point-of-care diagnostics supply chain management for accessibility and sustainability of
diagnostic services in Ghana'’s primary health care clinics. Point of Care: The Journal of Near-
Patient Testing & Technology. 2019;18(2):72-78. DOI:
https://doi.org/10.1097/POC.0000000000000186

Gilham EL, Casale E, Hardy A, Ayeni AH, Sunyer E, Harris T et al. Assessing the impact of
a national social marketing campaign for antimicrobial resistance on public awareness,
attitudes, and behaviour, and as a supportive tool for healthcare professionals, England, 2017
to 2019. Eurosurveillance. 2023;28(47):2300100. DOI: https://doi.org/10.2807/1560-
7917.ES.2023.28.47.2300100

Apisarnthanarak A, Bin Kim H, Moore LSP, Xiao Y, Singh S, Doi Y et al. Utility and applicability
of rapid diagnostic testing in antimicrobial stewardship in the Asia-Pacific Region: a Delphi
consensus. Clin Infect Dis. 2021;74(11):2067—76. DOI: htips://doi.org/10.1093/CID/CIAB910.

Community-Based Surveillance of Antimicrobial Use and Resistance in Resource-
Constrained Settings Report on five pilot projects. World Health Organization (2009).
https://iris.who.int/handle/10665/70036

Yevutsey SK, Buabeng KO, AikinsM, Anto B, Biritwum RB, Frimodt-Mgller N et al. Situational
analysis of antibiotic use and resistance in Ghana: policy and regulation. BMC Public Health.
2017;17(1):896. DOI: https://doi.org/10.1186/s12889-017-4910-7

Frost I, Kapoor G, Craig J, Liu D, Laxminarayan R. Status, challenges and gaps in
antimicrobial resistance surveillance around the world. J Glob Antimicrob Resist.
2021;25:222—6. DOI: https://doi.org/10.1016/J.JGAR.2021.03.016

Mpundu M. Moving from paper to action—the status of national AMR action plans in African
countries. Revive by GARDP; 25 September 2020 (https:/revive.gardp.org/moving-from-
paper-to-action-the-status-of-national-amr-action-plans-in-african-countries/, accessed 16
October 2025).

Khadse SN, Ugemuge S, Singh C. Impact of antimicrobial stewardship on reducing
antimicrobial resistance. Cureus. 2023;15(12):e49935. DOI:
https://doi.org/10.7759/CUREUS.49935

32


https://doi.org/10.1097/POC.0000000000000186
https://doi.org/10.2807/1560-7917.ES.2023.28.47.2300100
https://doi.org/10.2807/1560-7917.ES.2023.28.47.2300100
https://doi.org/10.1093/CID/CIAB910
https://iris.who.int/handle/10665/70036
https://doi.org/10.1186/s12889-017-4910-7
https://revive.gardp.org/moving-from-paper-to-action-the-status-of-national-amr-action-plans-in-african-countries/
https://revive.gardp.org/moving-from-paper-to-action-the-status-of-national-amr-action-plans-in-african-countries/
https://doi.org/10.7759/CUREUS.49935

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Oliveira I, Rego C, Semedo G, Gomes D, Figueiras A, Roque F et al. Systematic review on
the impact of guidelines adherence on antibiotic prescription in respiratory infections.
Antibiotics (Basel). 2020;9(9):546. DOI: https://doi.org/10.3390/ANTIBIOTICS9090546

Birgand G, Castro-Sanchez E, Hansen S, Gastmeier P, Lucet JC, Ferlie E et al. Comparison
of governance approaches for the control of antimicrobial resistance: analysis of three
European  countries.  Antimicrob  Resist Infect  Control.  2018;7:28. DOI:
https://doi.org/10.1186/s13756-018-0321-5

Shafig N, Pandey AK, Malhotra S, Holmes A, Mendelson M, Malpani R et al. Shortage of
essential antimicrobials: a major challenge to global health security. BMJ Global Health.
2021;6(11):6961. DOI: https://doi.org/10.1136/BMJGH-2021-006961

Policy and regulatory interventions to address antibiotic shortages in low and middle-income
countries. Geneva: World Health Organization and the Global Antibiotic Research &
Development Partnership (GARDP); 2024
(https://iris.who.int/bitstream/handle/10665/379625/9789240100695-eng.pdf?sequence=1,
accessed 16 october 2025).

Opintan JA. Leveraging donor support to develop a national antimicrobial resistance policy
and action plan, Ghana’s success story. Afr J Lab Med. 2018;7(2):825. DOI:
10.4102/ajlm.v7i2.825.

Joshi MP, Hafner T, Twesigye G, Ndiaye A, Kiggundu R, Mekonnen N et al. Strengthening
multisectoral coordination on antimicrobial resistance: a landscape analysis of efforts in 11
countries. J Pharm Policy Pract. 2021;14(1):1-17. DOI: https://doi.org/10.1186/540545-021-
00309-8/TABLES/6

Simegn W, Moges G. Awareness and knowledge of antimicrobial resistance and factors
associated with knowledge among adults in Dessie City, Northeast Ethiopia: community-
based cross-sectional study. PLoS ONE. 2022;17(12):e0279342. DOI:
https://doi.org/10.1371/JOURNAL.PONE.0279342

Verity C, Nicoll A. Education and debate Consent, confidentiality, and the threat to public
health surveillance. BMJ. 2002 May 18;324(7347):1210-18. DOI:
10.1136/bm;j.324.7347.1210.

Holland S, Cawthra J, Schloemer T, Schréder-Back P. Trust and the acquisition and use of
public health information. Health Care Anal. 2022;30(1):1-17. DOI:
https://doi.org/10.1007/S10728-021-00436-Y

Mathew P, Sivaraman S, Chandy S. Communication strategies for improving public
awareness on appropriate antibiotic use: bridging a vital gap for action on antibiotic resistance.
J Fam Med Prim Care. 2019;8(6):1867. DOI: https://doi.org/10.4103/JEMPC.JEMPC 263 19

Maduko W, Olamijuwon E, Kesby M, Hale JM. Public-targeted interventions addressing
antimicrobial resistance and antibiotic use in Sub-Saharan Africa: a scoping review. BMJ Glob
Health. 2025;10(3):e017455. DOI: hitps://doi.org/10.1136/bmjgh-2024-017455

33


https://doi.org/10.1136/BMJGH-2021-006961
https://iris.who.int/bitstream/handle/10665/379625/9789240100695-eng.pdf?sequence=1
https://doi.org/10.1186/S40545-021-00309-8/TABLES/6
https://doi.org/10.1186/S40545-021-00309-8/TABLES/6
https://doi.org/10.1371/JOURNAL.PONE.0279342
https://doi.org/10.4103/JFMPC.JFMPC_263_19
https://doi.org/10.1136/bmjgh-2024-017455

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

Ruzante JM, Harris B, Plummer P, Raineri RR, Loy JD, Jacob M. Surveillance of antimicrobial
resistance in veterinary medicine in the United States: Current efforts, challenges, and
opportunities. Front Vet Sci. 2022;9:1068406. DOI: 10.3389/fvets.2022.1068406.

Rolfe R, Kwobah C, Muro F, Ruwanpathirana A, Lyamuya F, Bodinayake C et al. Barriers to
implementing antimicrobial stewardship programs in three low- and middle-income country
tertiary care settings: findings from a multi-site qualitative study. Antimicrob Resist Infect
Control. 2021;10(1):60. DOI: https://doi.org/10.1186/S13756-021-00929-4

Leung E, Weil DE, Raviglione M, Nakatani H; World Health Organization World Health Day
Antimicrobial Resistance Technical Working Group. The WHO policy package to combat
antimicrobial  resistance. Bull World Health Organ. 2011;89(5):390-2. DOlI:
10.2471/BLT.11.088435.

Hein W, Aglanu LM, Mensah-Sekyere M, Harant A, Brinkel J, Lamshoft M et al. Fighting
antimicrobial resistance: development and implementation of the Ghanaian National Action
Plan (2017-2021). Antibiotics (Basel). 2022;11(5):613. DOI:
https://doi.org/10.3390/ANTIBIOTICS11050613/S1

Janssen J, Afari-Asiedu S, Monnier A, Abdulai MA, Tawiah T, Wertheim H et al. Exploring the
economic impact of inappropriate antibiotic use: the case of upper respiratory tract infections
in Ghana. Antimicrob Resist Infect Control. 2022;11(1):1-8. DOI:
https://doi.org/10.1186/S13756-022-01096-W

Opoku R, Dwumfour-Asare B, Agrey-Bluwey L, Appiah NE, Ackah M, Acquah F et al. ,
Prevalence of self-medication in Ghana: a systematic review and meta-analysis. BMJ Open.
20283;13(3):e064627. DOI: https://doi.org/10.1136/BMJOPEN-2022-064627

Kpokiri EE, Ladva M, Dodoo CC, Orman E, Aku TA, Mensah A et al. Knowledge, awareness
and practice with antimicrobial stewardship programmes among healthcare providers in a
Ghanaian tertiary hospital. Antibiotics (Basel). 2022;11(1):6. DOI:
https://doi.org/10.3390/ANTIBIOTICS11010006/S1

Sneddon J, Cooper L, Afriyie DK, Sefah IA, Cockburn A, Kerr F et al. Supporting antimicrobial
stewardship in Ghana: evaluation of the impact of training on knowledge and attitudes of
healthcare professionals in two hospitals. JAC Antimicrob Resist. 2022;2(4):dlaa092. DOI:
https://doi.org/10.1093/JACAMR/DLAAQ92

Wang Z, Liang Z, Dong X, Gao L, Zhou S, Yin H et al. Health policy competencies in regional
organizations: a retrospective analysis for 76 regional organizations from 1945 to 2015. Global
Health. 2024;20(1):17. DOI: hitps://doi.org/10.1186/512992-024-01023-1

Mitchell AP, Trivedi NU, Gennarelli RL, Chimonas S, Tabatabai SM, Goldber, J et al. Are
financial payments from the pharmaceutical industry associated with physician prescribing? A
systematic review. Ann Intern Med. 2021;174(3):353—61. DOI: 10.7326/M20-5665.

. Jimah T, Ogunseitan O. National action plan on antimicrobial resistance: stakeholder analysis

of implementation in Ghana. J Glob Health Reports. 2020;4:¢2020067. DOI:
https://doi.org/10.29392/001C.13695

34


https://doi.org/10.1186/S13756-021-00929-4
https://doi.org/10.1186/S13756-022-01096-W/TABLES/4
https://doi.org/10.1186/S12992-024-01023-1

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Chung GW, Wu JE, Yeo CL, Chan D, Hsu LY. Antimicrobial stewardship: A review of
prospective audit and feedback systems and an objective evaluation of outcomes. Virulence.
2013;4(2):151. DOI: https://doi.org/10.4161/VIRU.21626

Durkin MJ, Lake J, Polgreen PM, Beekmann SE, Hersh AL, Newland JG. Exploring
unintended consequences of adult antimicrobial stewardship programs: an emerging
infections network survey. Infect Control Hosp Epidemiol. 2023;44(5):791-93. DOI:
https://doi.org/10.1017/ICE.2022.104

Kallberg C, Mathiesen L, Gopinathan U, Salvesen Blix H. The role of drug regulatory
authorities and health technology assessment agencies in shaping incentives for antibiotic
R&D: a qualitative study. J Pharml Policy Pract. 2023;16(1):53. DOI:
https://doi.org/10.1186/s40545-023-00556-x

Zarei E, Ghahramani A, Nikoobar A, Bastami S and Hamdghaddari H (2023) Interaction
between physicians and the pharmaceutical industry: A scoping review for developing a policy
brief. Front. Public Health 10:1072708. doi: 10.3389/fpubh.2022.1072708

Amponsah OKO, Courtenay A, Ayisi-Boateng NK, Abuelhana A, Opoku DA, Blay LK et al.
Assessing the impact of antimicrobial stewardship implementation at a district hospital in
Ghana using a health partnership model. JAC Antimicrob Resist. 2023;5(4):dlad084. DOI:
https://doi.org/10.1093/JACAMR/DLAD084

Schott G, Dinnweber C, Muhlbauer B, Niebling W, Pachl H, Ludwig WD. Does the
pharmaceutical industry influence guidelines? Two examples from Germany. Deutsches
Arzteblatt International. 2013 Sep 2;110(35-36):575.

Aika IN, Enato E. Health care systems administrators’ perspectives on antimicrobial
stewardship and infection prevention and control programs across three healthcare levels: a
qualitative  study.  Antimicrob  Resist Infect Control. 2022;11(1):1-9.  DOI:
https://doi.org/10.1186/S13756-022-01196-7

Morgan DJ, Brownlee S, Leppin AL, Kressin N, Dhruva SS, Levin L et al. Setting a research
agenda for medical overuse. BMJ. 2015;351:h4534. DOI: https://doi.org/10.1136/bmj.h4534

Nsubuga P, White ME, Thacker SB, Anderson MA, Blount SB, Broome CVet al. Public health
surveillance: a tool for targeting and monitoring interventions. In: Jamison DT, Breman JG,
Measham AR et al., editors. Disease control priorities in developing countries, 2nd edition.
Washington (DC): The International Bank for Reconstruction and Development / The World
Bank; 2006 (https:/www.ncbi.nim.nih.gov/books/NBK11770/ ,accessed 16 October 2025).

Mulenga GM, Namangala B, Chilongo K, Henning L, Gummow B. Policy and linkages in the
application of a One Health system for reporting and controlling African trypanosomiasis and
other zoonotic diseases in Zambia. Pathogens. 2022;11(1):30. DOI:
https://doi.org/10.3390/pathogens11010030

35


https://doi.org/10.1017/ICE.2022.104
https://doi.org/10.1186/s40545-023-00556-x
https://doi.org/10.1093/JACAMR/DLAD084
https://doi.org/10.1136/bmj.h4534
https://www.ncbi.nlm.nih.gov/books/NBK11770/
https://doi.org/10.3390/pathogens11010030

ANNEXES

Annex 1: Documentation and search strategy for problem statement!

Name of
databases
searched

PubMed

Epistemonikos

Cochrane Library

Social Systems
Evidence

Search terms used

(“antimicrobial resistance” OR “antibiotic resistance”
OR “multidrug resistance” OR “drug resistance” OR
“multi-drug resistance”) AND (“One health” OR “one
medicine” OR “inter-sectoral” OR “planetary health” OR
“integrated health” OR “eco health” OR ‘“intersectoral’
OR “integrated”) AND (“Surveillance” OR “monitoring”
OR “surveillance system*” OR “observation*” OR
“vigilance” OR “assessment™ OR “intervention*” OR
“framework®™” OR “integrated surveillance” OR
“integrated approach*”) AND (“Strength*” OR
“enhanc*” OR “improv*” OR “develop*” OR

“promot™”)

(“antimicrobial resistance” OR “antibiotic resistance”
OR “multidrug resistance” OR “drug resistance” OR
“multi-drug resistance”) AND (“One health” OR “one
medicine” OR “inter-sectoral” OR “planetary health” OR
“integrated health” OR “eco health” OR “intersectoral”
OR “integrated”) AND (“Surveillance” OR “monitoring”
OR “surveillance system*” OR “observation*” OR
“vigilance” OR “assessment™ OR “intervention*” OR
“framework®” OR “integrated surveillance” OR
“integrated approach*”) AND (“Strength*” OR
“enhanc*” OR “improv*” OR “develop*” OR “promot*”)

Search strategy used in PubMed was used.

Search strategy used in PubMed was used.

! Total 46 systematic/literature reviews were used in this document.

Number of
relevant
studies
retrieved

2131

938



Health Systems Search strategy used in PubMed was used. 0
Evidence

Total articles retrieved 3073
Duplicates removed 586
Total records screened by abstract 2487
Included studies for full-text screening 88
Final included studies 31

Annex 2: Documentation and search strategy for policy options and implementation
considerations’

Name of databases Search terms used Number of relevant
searched studies retrieved
Manual search Not applicable 90

1 Total 46 systematic/literature reviews were used in this document.



