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Part I: Short Report (Kurzbericht)

1. Background and Objectives

Antimicrobial resistance (AMR) represents a growing threat to public health, food security, and
economic development, yet data on its economic burden remain scarce in low- and middle-income
countries (LMICs). The SNAP ONE project (Funding Code 01K12206) was a three-year research
initiative (2022—2025) that aimed to estimate the full economic burden of AMR in Zambia and
Malawi, encompassing human health, animal productivity, the environment. Adopting a One Health
approach, the project brought together epidemiologists, economists, microbiologists, and policy
researchers from the University Hospital Bonn (Institute for Hygiene & Public Health), Kamuzu
University of Health Sciences in Malawi, ReAct Africa, Eden University of Zambia, Azienda
Ospedaliero Universitaria di Bologna, University of Antwerp, and University College Dublin.

2. Project Approach

SNAP ONE combined primary epidemiological and cost data collection with economic modelling. In
Malawi, the team collected primary data on AMR prevalence in poultry farms, environmental
contamination via sewage effluent, and the costs borne by patients with resistant infections in health
facilities. In Zambia, similar data were collected through partnerships with ReAct Africa and Eden
University. The economic modelling component employed the AHHME (Animal and Human Health
Modelling for Economics) framework — a Markov state-transition model — to project productivity
gains, health gains (QALYS), and healthcare cost savings over a 20-year horizon under various AMR-
reduction scenarios (Bozzani and Chan, 2025).

3. Key Results

The project has produced a substantial body of evidence. Two peer-reviewed articles have been
published so far: a systematic review of economic costing methodologies for drug-resistant infections
in LMICs (Masoambeta et al., 2025), and a study on environmental contamination with ESBL-
producing bacteria from sewage effluent in Blantyre (Ibrahim et al., 2025). Further manuscripts are in
various stages of preparation, with several submissions planned for the first half of 2026. The
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economic modelling demonstrated that tackling AMR in food-animal production would yield
substantial benefits in both countries. In Zambia, projected 20-year productivity gains ranged from
USD 749 million to USD 17.6 billion depending on parameter assumptions, with the value of QALYs
saved reaching up to USD 2.7 billion (Bozzani and Chan, 2025). In Malawi, productivity gains ranged
from USD 1.2 billion to USD 3.9 billion, with substantial returns for both smallholder and industrial
poultry and pig farms (Bozzani and Chan, 2025). Team members are planning to rerun the models
with epidemiological data newly collected from other local studies in order to reduce the uncertainty
gap of their studies in early 2026 (this will be especially useful for the Zambian model).

4. Collaboration and Capacity Building

SNAP ONE supported three postgraduate researchers at KUHeS: one MSc graduate (Edna Ibrahim),
one MPhil candidate (Charity Mkwanda), and one PhD candidate (Edward Masoambeta). As of
February 2026, Ibrahim has graduated and published her first paper; Mkwanda has successfully
submitted her thesis for internal and external examination; and Masoambeta has drafted the first
version of his PhD thesis alongside manuscript preparation. The project fostered cross-sectoral
collaboration through consortium meetings and engagement with national AMR governance
structures in both countries.

Part Il: Detailed Description (Eingehende Darstellung)

1. Work Performed in Relation to the Original Work Plan

1.1 Epidemiological Data Collection (Malawi)

The Malawi team, based at KUHeS in Blantyre, successfully completed epidemiological data
collection across three domains consistent with the One Health framework: human health, animal
production, and the environment.

Animal sector: Charity Mkwanda (MPhil candidate) investigated the within-farm prevalence of
ESBL-producing E. coli, K. pneumoniae, and antibiotic-resistant Salmonella in layers and broilers
from smallholder, medium, and large-scale poultry farms in southern Malawi. Key findings included:
E. coli accounted for 80% of isolates, K. pneumoniae 18%, and Salmonella 2.6%; ciprofloxacin
resistance was observed in 52% of isolates and meropenem resistance in 25%; medium farms had a
higher odds ratio (OR 1.97) for AMR presence compared to small farms. Her thesis has been
successfully submitted for internal and external examination as of early 2026.

Environment: Edna Ibrahim (MSc, graduated) investigated ESBL-producing Enterobacteriaceae in
sewage effluent in Blantyre. Her published paper (Ibrahim et al., 2025) documented contamination
with ESBL-producing E. coli, K. pneumoniae, and Enterobacter cloacae in treated sewage effluent,
highlighting a pathway for AMR dissemination into the community. Ibrahim subsequently presented
these results at the WASHTED 20th anniversary conference at The Polytechnic in Malawi (June
2025).

Human health and economics: Edward Masoambeta (PhD candidate) is investigating the economic
burden of AMR in human and animal sectors. He successfully recruited 400 of the desired 430
patients with antibiotic-resistant infections for his cost study, despite initial challenges when public
health facilities ran out of bacterial culture reagents for several months. (Recruitment resumed after
facilities were restocked.) As of February 2026, Masoambeta is preparing two manuscripts: (1) a
paper on the economic costs of AMR in humans, which he plans to share with co-authors imminently
and submit within February 2026; and (2) a paper on the effects of AMR on chicken productivity,
with the manuscript expected in February 2026, though publication prospects depend on funding
availability. On 16 February he circulated the first draft PhD manuscript to his advisors.

1.2 Data Collection (Zambia)

The Zambia component experienced administrative difficulties after the Pl based at Eden University
left his post, causing delays in payments to researchers and slowing data collection. A revised
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contractual arrangement was negotiated involving ReAct Africa, Eden University, and APHRC.
Despite these challenges, the team collected key data for the economic modelling, supplementing with
secondary sources where primary data from Zambia were unavailable. Raphael Chanda (ReAct
Africa) is preparing two manuscripts on the AMR policy landscape in southern Africa and on cost-
price estimation of clinical microbiology laboratory services using activity-based costing. The policy
landscape paper and a systematic review/policy NAP review are both ready for circulation and will be
shared with the consortium for input in February 2026, alongside journal selection. An additional
manuscript on laboratory costing is near completion, with Lawrence Mwenge currently reviewing the
costing analysis and comparing findings with results from the recently concluded ICARS project.

1.3 Economic Modelling

The economic modelling, led by Fiammetta Bozzani and Derek Chan, employed the AHHME model
to estimate productivity and health gains and cost savings from tackling AMR in E. coli over a 20-
year period using Markov state-transition models. The analysis used two parameter sets per country:
one using AHHME model infection parameters and one using country-specific primary data.

Zambia results: Under parameter set 1 (AHHME/MIC average), the value of productivity
gained over 20 years was estimated at USD 749 million, with the value of QALYSs saved at
USD 110 million (equivalent to 96,770 QALYS) and a maximum acceptable annual
intervention cost of USD 138 million. Under parameter set 2 (MBIRA study primary data),
the estimated productivity gains rose to USD 17.6 billion, with QALYSs valued at USD 2.7
billion (2,345,225 QALYSs) and a maximum acceptable annual intervention cost of USD 1.6
billion. Smallholder pig and chicken farms stood to benefit substantially in both scenarios
(Bozzani and Chan, 2025).

Malawi results: Under parameter set 1 (AHHME/LIC average), the value of productivity
gained was USD 1.2 billion, with the value of QALY saved at USD 105 million (204,939
QALYs) and a maximum acceptable annual intervention cost of USD 570 million. Under
parameter set 2 (Kumwenda 2021 / Fleming Fund data), productivity gains were USD 3.9
billion, with QALYSs valued at USD 344 million (669,377 QALYS) and a maximum
acceptable annual intervention cost of USD 800 million. Industrial chicken and pig farms
showed particularly large potential returns in Malawi (Bozzani and Chan, 2025).

Limitations acknowledged: The AHHME parameters synthesise bloodstream infection data
not specific to E. coli; the E. coli incidence rates from Zambia were derived from hospitalised
patients, which may overestimate benefits in scenario 2; the Malawi scenarios were more
internally consistent but less representative of E. coli-specific infection dynamics. Future
work should aim to obtain better estimates of the proportion of serious cases to refine
prevalence-adjusted mortality rates, especially for Zambia (Bozzani and Chan, 2025).

Page 3



2. Publications

As of February 2026, two papers have been published and up to eight additional manuscripts are in
various stages of preparation. The table below provides an overview:

Authors

Masoambeta et al.
(2025)

Ibrahim et al. (2025)

Mkwanda et al. (in
prep.)

Mkwanda et al. (in
prep.)

Masoambeta et al. (in
prep.)

Masoambeta et al. (in
prep.)

Bozzani, Chan et al.
(in prep.)
Bozzani, Chan et al.

(in prep.)

Chanda et al. (in
prep.)

Chanda et al. (in
prep.)

' Title

Economic costing
methodologies for drug-resistant
bacterial infections in humans in
LMIC: A systematic review

Environmental contamination
with ESBL-producing E. coli,
K. pneumoniae and
Enterobacter cloacae from
sewage effluent in Blantyre,
Malawi

Antimicrobial resistance
landscape in the human health
sector of Malawi: an
epidemiological systematic
review

An investigation of the within-
farm prevalence of E. coli and
Salmonella resistant to critically
important antibiotics in chicken
from poultry farms in Blantyre,
Malawi

Estimating the economic costs
of AMR in the human sector in
Malawi

The effects of AMR on the
productivity of chickens in
Malawi

Estimating the economic burden
of AMR in a One Health setting
in Zambia

Estimating the economic burden
of AMR in a One Health setting
in Malawi

AMR policy landscape in
southern Africa: challenges and
opportunities

Cost-price estimation of clinical
microbiology laboratory
services: A case study from
LMIC setting based on activity-
based costing

' Journal

Health
Economics
Review

Antibiotics
(MDPI)

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD
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Status (Feb 2026)
Published

Published. Poster based on this paper
won an award at AMR Awareness
Week, MLW.

Manuscript drafted; under supervisor
review. To be shared with Consortium
and submitted for publication as
required by KUHeS Postgraduate
Committee.

Manuscript in preparation; to be shared
with Consortium for comments in early
2026.

Manuscript to be shared with co-
authors for review (expected February
2026); submission planned late
February 2026.

Manuscript expected February/March
2026; publication timeline dependent
on funding availability.

Initial modelling complete but will
rerun with new epidemiological
findings from an external study too;
manuscript in preparation.

Modelling complete; manuscript in
preparation.

Manuscript ready; to be circulated for
consortium input and journal selected
in February 2026.

Near completion; Lawrence Mwenge
currently reviewing the costing
analysis and comparing findings with
the recently concluded ICARS project.



3. Capacity Building

A central objective of SNAP ONE was to strengthen research capacity in AMR economics and
epidemiology in the partner countries. Three postgraduate students were supported through the
project. The table below summarises their status as of February 2026:

Researcher Degree Institution Status (Feb 2026)

Edna Ibrahim MSc KUHeS Graduated (MSc Health Sciences,
Antimicrobial Stewardship). Published 1
paper (Ibrahim et al., 2025) which won a
poster award at AMR Awareness Week,
MLW. Presented at WASHTED 20th
anniversary conference (June 2025) with
calls for further collaboration from
colleagues.

Charity Mkwanda MPhil KUHeS Thesis successfully submitted for internal
and external examination. Two papers
(systematic review and original research)
to be finalised and shared with consortium
for comments, with one to be submitted for
publication as required by the KUHeS
Postgraduate Committee.

Edward PhD KUHeS Two papers in progress: (1) economic

Masoambeta costs of AMR in the human sector —
manuscript to be shared with co-authors
for review, with submission to MDPI or
Frontiers planned within February 2026;
(2) effects of AMR on chicken
productivity — manuscript expected
February 2026, publication dependent on
funding availability. PhD manuscript draft
complete.

4, Dissemination and Outreach

The consortium actively disseminated findings through conferences, workshops, and digital platforms.
A final consortium wrap-up meeting was held on 20 June 2025. The table below summarises key
dissemination events:

iHEA World Congress on Health July 2023 Masoambeta presentation on

Economics, Cape Town estimating economic costs
associated with AMR
infections.

ReAct Conference, Zambia August 2023, July 2024  Work included in ReAct

conference presentations.
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KUHeS Research Dissemination October 2024 Presentation at institutional

Conference research conference.

JPIAMR LinkedIn dissemination 20242025 Contribution to JPIAMR social
media outreach.

eLearning materials: Antimicrobial 2024-2025 Contribution to training

Stewardship materials for eastern, central

and southern Africa.

Malawi Liverpool Wellcome Forum  April 2025 Presentation of results (SNAP
ONE interim report, 2025).

WASHTED 20th Anniversary June 2025 Edna lbrahim presented SNAP
Conference, The Polytechnic, ONE results; received calls for
Malawi collaboration from colleagues

(Ibrahim, 2025).

SNAP ONE Final Consortium Wrap- 20 June 2025 Full consortium meeting to
up Meeting review outputs and plan post-
project activities (Morel, 2025).

AMR Awareness Week, Malawi November 2025 Edna Ibrahim presented a

Liverpool Wellcome Programme poster based on the published

(MLW) sewage effluent paper (Ibrahim
et al., 2025), which won an
award.

APHRC Webinar Series February 2026 Edna Ibrahim and Edward

Masoambeta presenting SNAP
ONE research findings on 18-
19 Feb.

5. Budget and Timeline

Despite the administrative difficulties in Zambia, the project finished within the established budget.
Data collection, modelling, and core analyses were completed by 30 June 2025. Submission of
remaining publications is ongoing, with several manuscripts expected to be submitted in the first half
of 2026.

Part I11: Success Control Report (Erfolgskontrollbericht)

1. Scientific and Technical Outcomes

The project achieved its core scientific objectives. It produced the first comprehensive, One Health
economic estimates of the burden of AMR in Zambia and Malawi. Two peer-reviewed papers have
been published in international journals (Masoambeta et al., 2025; Ibrahim et al., 2025), with several
further papers in preparation. The AHHME economic modelling framework was successfully adapted
and parameterised for both countries, producing investment-case estimates that can inform national
policy (Bozzani and Chan, 2025). Three postgraduate researchers were trained, with one having
graduated, one having submitted her thesis for examination, and one progressing towards PhD
completion.
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2. Post-Project Impact (6 Months After Project End)

In the six months since project completion, several indicators of emerging impact can be identified.
The publication by Ibrahim et al. (2025) in Antibiotics won a poster award at AMR Awareness Week
at the Malawi Liverpool Wellcome Programme (MLW), indicating recognition by the academic
community. Ibrahim’s presentation of SNAP ONE results at the WASHTED conference generated
calls for collaboration from colleagues at the Malawi University of Business and Applied Sciences
(MUBAS), suggesting potential for the work to catalyse new partnerships and cross-institutional
research (Ibrahim, 2025). Mkwanda has submitted her thesis for examination, and Masoambeta has
finalised his thesis draft is actively preparing manuscripts for submission to international journals.
The consortium discussed strategies for ensuring post-project impact at the final meeting, including
continued engagement with NAP implementers, encouraging cross-sectoral thinking, and
incorporating SNAP ONE evidence into funding proposals to organisations such as the World Bank
and the Pandemic Preparedness Fund.

3. Exploitation Prospects

There is nothing proprietary or commercially exploitable in this research. The project’s value lies in
its contribution to the public evidence base for AMR policy in LMICs. The economic modelling
outputs are intended to support advocacy for increased investment in AMR interventions in Zambia
and Malawi, and the framework is adaptable for use in additional countries. The Consortium
Agreement and Data Management Plan have been maintained in line with requirements (SNAP ONE
interim report, 2025).

4. Scientific and Economic Connectivity

The SNAP ONE outputs provide a foundation for follow-on research, particularly cost-effectiveness
analyses of specific AMR interventions at local level. The capacity built among the three postgraduate
researchers represents a lasting investment in AMR research infrastructure in Malawi. The
relationships established with national AMR stakeholders in both countries provide a platform for
future engagement and policy translation.

5. Limitations and Lessons Learned

The principal challenge was the administrative disruption in Zambia, which limited the availability of
primary cost data and required adaptive management. Future multi-country projects should consider
contingency planning for institutional instability in partner organisations. The economic modelling
highlighted the sensitivity of results to data source assumptions, underscoring the need for continued
investment in AMR surveillance and data infrastructure in LMICs (Bozzani and Chan, 2025; SNAP
ONE interim report, 2025).
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