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In response to the global threat of antimicrobial resistance (AMR), the Capturing Data on Antimicrobial Resistance Patterns and
Trends in Use in Regions of Asia (CAPTURA) project worked with microbiology laboratories, pharmacies, and local governments
in South Asia and Southeast Asia to expand the volume of historical and current data available on AMR and antimicrobial use and to
identify gaps in data and areas for quality improvement. When the CAPTURA project completed its country-level engagement in
the first half of 2022, the consortium brought together local, regional, and global AMR stakeholders for a virtual regional workshop
to review data outputs from the project and share strategies to inform national and regional efforts to combat AMR. This paper
summarizes the main topics presented in the workshop held from 28 to 30 June 2022. As such, it highlights lessons learned
from the project and strategies to fight AMR. Although CAPTURA has been invaluable to countries and information from the
project is already being used, barriers concerning data quality and sharing remain. Regional-level initiatives should continue to
build on the momentum gained from the CAPTURA project in supporting national-level surveillance and data quality
improvements to inform critical decisions around planning, policies, and clinical care. Project findings have highlighted that
issues with antimicrobial resistance and use are wide ranging across countries. Going forward, building on the current
foundations and tailoring approaches to meet local needs and capacities will be fundamental in combatting AMR.
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Antimicrobial resistance (AMR) is an urgent health challenge
that transcends both national and international borders [1].
Accordingly, the Fleming Fund Regional Grants work along-
side country grants and fellowship schemes to improve and
strengthen regional capacities to combat AMR [2]. There are
4 Fleming Fund regions—West Africa, East and Southern
Africa, South Asia, and Southeast Asia [2]. The Capturing
Data on Antimicrobial Resistance Patterns and Trends in Use
in Regions of Asia (CAPTURA) consortium, led by the
International Vaccine Institute in partnership with the Public
Health Surveillance Group, the WHONET development team
at the Brigham and Women’s Hospital, and the Big Data
Institute at the University of Oxford, worked in 2 of the 4
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regions—South Asia and Southeast Asia—as one of the
Fleming Fund Regional Grants [3].

The CAPTURA project aimed to operate in 12 countries—
Bangladesh, Bhutan, India, Indonesia, Laos, Myanmar, Nepal,
Pakistan, Papua New Guinea, Sri Lanka, Timor-Leste, and
Vietnam. The project was tasked with expanding the volume
of historical and current data available on antimicrobial resis-
tance and use (AMU) across South Asia and Southeast Asia
[4]. To support these countries to use their data, CAPTURA
identified and digitized data that had previously been inacces-
sible or unavailable [5]. The scope of work in each country was
tailored to the context and need, as identified and agreed on by
the consortium and local stakeholders, such as the Ministry of
Health and the Antimicrobial Resistance Coordinating
Committee (AMR CC) [6]. The collected and analyzed data
were then presented to relevant stakeholders and summarized
in country and facility reports with recommendations on data
management and analyses [7, 8]. The CAPTURA project
brought to light the “hidden treasure” data in participating
countries and their potential use going forward. When the
CAPTURA project completed its country-level engagement
in the first half of 2022 (after 3 years of engagement across
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Asia), the consortium brought together local, regional, and
global AMR stakeholders for a virtual regional workshop
from 28 to 30 June 2022. More than 100 participants, excluding
the consortium and speakers, joined online from 24 countries
for all 3 days. A majority of the participants joined from
Bangladesh, Nepal, United States of America, Bhutan, India,
Indonesia, Sri Lanka, and Laos, with researchers, clinical mi-
crobiologists, representatives from the Ministry of Health,
and Fleming Fund grantees participating in the workshop.
The goal of the workshop was to review data outputs from
the CAPTURA project and share strategies to inform national
and regional efforts to combat AMR. Dr Florian Marks (Deputy
Director General of the International Vaccine Institute and
Project Director of CAPTURA) delivered the opening remarks,
highlighting the urgent need to tackle the “silent pandemic” of
AMR. This was followed by presentations from the consortium il-
lustrating approaches and experiences in regional data collection,
analysis, and sharing. Country-based insights were shared by
representatives from Papua New Guinea, Nepal, Bangladesh,
and Bhutan, whereas regional-level discussions were led by
representatives from ongoing regional AMR initiatives, such as
the Mapping Antimicrobial resistance and Antimicrobial use
Partnership (MAAP) [9], Regional Antimicrobial resistance
Data Analysis for Advocacy (RADAAR) [10], and Antimicrobial
Resistance, Prescribing, and Consumption Data to Inform
Country Antibiotic Guidance and Local Action (ADILA) [11]
projects. The 3-day event concluded with remarks from Tom
Pilcher (Deputy Head of the Fleming Fund at Department of
Health and Social Care), Dr Marianne Holm (former Technical
Lead of the CAPTURA project), and Dr Toby Leslie (Global
Technical Lead for the Fleming Fund at Mott MacDonald) em-
phasizing the significance of collaborative actions, as demonstrat-
ed by the CAPTURA project and participating countries, in the
fight against AMR. This proceeding provides a summary of the
main themes presented and discussed in the workshop.

THE CAPTURA EXPERIENCE

To kick off the workshop, consortium members from the
CAPTURA project presented on the CAPTURA experience.
This included an overview of CAPTURA project activities
and methodological approach to AMR/AMU data collection
and analysis and metadata collection. Presentations were also
given on strategies for regional surveillance and action, high-
lighting the value of a regional framework for data collection,
analysis, interpretation, and translation of data to action.

Overview of CAPTURA Activities in South Asia and Southeast Asia

CAPTURA was tasked to expand the volume of historical and cur-
rent data on AMR and AMU in the Asian region. This required the
project to identify, collect, assess, and analyze data while underpin-
ning substantial data management capacity-building activities.

Because of varying levels of engagement and contextual differences
in participating countries, 3 tiers of activities were organized to
meet the stated objective: (1) scoping and bespoke capacity-
building activities (India, Myanmar, and Vietnam); (2) specifically
selected, context-tailored activities (Pakistan, Sri Lanka, and
Indonesia); and (3) comprehensive activities (Nepal, Bhutan,
Bangladesh, Laos, Timor-Leste, and Papua New Guinea).
Capacity-building activities were delivered through training on
data management and analyses using WHONET software. The
project identified local trainers who could train others in the coun-
try to ensure sustainability of electronic data management and
analyses. Other activities included the development of tools for
data encryption, collection, and visualization, and the provision
of technical assistance in analyses in collaboration with the minis-
try of health and/or Fleming Fund Country Grantees. Lastly, final
country and facility reports summarizing in-country/site-specific
work, analyses, and recommendations were generated and shared
with respective stakeholders.

CAPTURA's Approach for AMR Data Collation and Analysis
Engagement with participating countries to collect retrospective
data on AMR was one of the key components of the CAPTURA
project. Total volume, distribution by positive and negative re-
cords, sex and age distribution, and sample distribution by
specimen were described to illustrate the data received by the
project. Data were analyzed at different levels depending on
the volume, completeness, and reliability of the obtained infor-
mation. For example, resistance patterns of Escherichia coli and
Staphylococcus aureus were shown using a combined AMR data-
set (data pooled from CAPTURA countries), whereas for
Salmonella Typhi, resistance data were included from Nepal
and Bangladesh because sufficient data for meaningful analysis
were only available from these countries. The dataset on AMR
produced through CAPTURA’s initiative to collect and collate
data regionally will potentially serve as a strong baseline of infor-
mation and may be further used to develop a sustainable mech-
anism of AMR data sharing at the regional level. Significant
improvements (within a country and across the region) are
needed in monitoring and validation of antimicrobial suscepti-
bility testing (AST) data, uniformity in the collection of demo-
graphic and clinical information, adaptation of standard
microbiological methods (for example, recording zone diame-
ters or minimum inhibitory concentrations, selection of antimi-
crobial panels), internal quality assurance schemes, and
participation in quality control programs.

CAPTURA's Approach for AMC/AMU Data Collation and Analysis

Although AMR is driven by many complex and diverse factors,
the overuse and misuse of antibiotics are among some of the
leading causes [12, 13]. In the CAPTURA project, data pertain-
ing to antimicrobial consumption (AMC) and AMU were ob-
tained from various sources, including national-level drug
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production, import, and distribution registries, as well as pre-
scription records at the hospital level. AMC refers to the estimat-
ed consumption of antimicrobials, which is often obtained
through antibiotic sales or distribution data, whereas AMU re-
fers to the actual use of antimicrobials, which can be derived
from prescription and patient records [14]. The principal find-
ings from the CAPTURA project emphasized the necessity for
improving antimicrobial prescription and dispensing practices,
drawing particular attention to the use of the "Watch"antibiotics
from the WHO Access, Watch, and Reserve (AWaRe) antibiotic
book [7]. Although monitoring AMC at the national level is pro-
gressively being adopted across CAPTURA participating coun-
tries (as observed in the increase of Global Antimicrobial
Resistance and Use Surveillance System [GLASS]-AMC data
submission to the World Health Organization [WHO]) [15],
AMU monitoring systems remains predominantly absent with-
in the region [7]. Given the unstructured nature of the data ac-
quired for this project, which necessitated an extended period
for curation and analysis, CAPTURA advocates for the develop-
ment and implementation of standardized AMU methodologies
to collect high-quality data from small-scale point prevalence
surveys conducted at select hospitals [14]. These local data could
subsequently be expanded to larger settings in following
iterations.

CAPTURA's Approach for Project Implementation Using Metadata
Alongside AMR, AMC, and AMU data, metadata collection was a
cornerstone of the CAPTURA project. The project’s metadata in-
cluded gathering facility-related information (location and affili-
ation), AMR and AMU questionnaires (aimed to capture
facilities” capacity to perform AST or store data electronically),
laboratory assessment (aimed to assess laboratory quality, such
as participation in the external quality assurance schemes), and
dataset-related information (population coverage and number
of patient bed-days). These metadata guided the project from
identifying data sources to selecting sites for data analyses by pro-
viding key contextual information on each facility. This included
understanding the data quality, collection, and export systems in
place to assess potential biases influencing analyses and interpre-
tations. In addition, the AMR and AMU questionnaires and lab-
oratory assessments identified common gaps in facility-level data
management, such as the absence of an electronic data entry sys-
tem. These gaps were subsequently shared with stakeholders to
raise awareness on the importance of improving facility capacity
to enhance data capture, quality, and use.

CAPTURA's Recommendation on Regional Surveillance and Action

The CAPTURA project aimed for sustainable data collection
and analyses resulting in meaningful action for capacity build-
ing and resistance containment in the Asian region. As demon-
strated through the CAPTURA project findings, although there
are numerous activities and outstanding accomplishments in

AMR, significant barriers remain [16]. These include, for ex-
ample, the heterogeneity in AMR/AMU data issues between
pathogens and antimicrobials, hesitancies in data sharing,
and limitations to human and financial resources. Notably,
much remains to be done on promotion, coordination, stand-
ardization, and interventions. It was also made clear through
CAPTURA’s work that one of the key next steps is developing
regional approaches for greater relevance, ownership, sustain-
ability, and impact. There is a need for 2 frameworks at the re-
gional level: (1) a framework for regional data collection,
analysis, and interpretation and (2) a framework for translating
data into action. For the first framework, it is important to ex-
pand the discourse on AMR to include a wider body of collab-
orators and sources of information, such as non-governmental
agencies, and to collate information on organizational struc-
tures, capacities, and activities in addition to traditional surveil-
lance data. For the second framework, data need to be
translated into action to improve knowledge, capacity, prioriti-
zation, and disease prevention. For this, diverse partners from
the governmental, non-governmental, industry, and civil soci-
ety sectors with a variety of skill sets on the regional level need
to come together to participate in the planning and implemen-
tation of data-driven action.

How CAPTURA Efforts Can Inform Next Steps and Initiatives

Data collected and collated from surveillance efforts become
truly meaningful once turned into information used to guide de-
cisions and inform strategies, policies, and guidelines for imple-
mentation. As demonstrated by CAPTURA findings, there is
great importance in establishing electronic data entry systems
and linking AMR and bacterial culture results with clinical
data and patient outcomes. Doing so allows policy makers and
epidemiologists to understand the outcomes from AMR (asso-
ciated morbidity and mortality), which is critical information
in prioritizing control efforts. Moreover, standardized and ro-
bust guidelines for metadata collection and routine monitoring
of data and laboratory quality are needed in the countries.
Engagement with stakeholders from a wider network, such as
private laboratories and pharmacies, remains critical going for-
ward because the lack of data from these facilities in many coun-
tries represents a major data gap. The CAPTURA project
recommends that approaches are tailored to the context of indi-
vidual countries in their decision-making processes, as a
one-size-fits-all approach is not appropriate for providing the
specific information needed for each country. Feedback from
the regional level to support the national level enhancement of
surveillance is particularly relevant, and it is crucial that pro-
gress made at the regional level continues to bring countries
closer together with regional expertise. Most importantly, it is
essential to inform Ministries and partners of the vast datasets
collected by CAPTURA that are invaluable for informing local
decision-making, which includes critical decisions around
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control efforts, such as vaccine introduction decisions (eg,
Salmonella Typhi, Shigella spp.) and other interventions. Data
utilization begins with communicating what data exist and
how to access that data.

THE COUNTRY EXPERIENCE: ACCOMPLISHMENTS
WITHIN LOCAL DATA GENERATION AND USE

On the second day, representatives from Papua New Guinea,
Nepal, Bangladesh, and Bhutan shared their experiences within
the CAPTURA project and their achievements in data genera-
tion, developing data infrastructure, and conducting analysis
and visualizations for national AMR, AMC, and AMU
surveillance.

Papua New Guinea: Early AMR Surveillance Network

AMR surveillance is one of the priority agendas for the
National Department of Health of Papua New Guinea. There
are several AMR initiatives under way in the country, including
their recent enrollment in the Global Antimicrobial Resistance
and Use Surveillance System (GLASS), together with the
Fleming Fund activities [17]. Recent country situational analy-
ses revealed that activities to address AMR in Papua New
Guinea, such as having a national coordination mechanism
and surveillance capacity, were insufficient in substantially re-
ducing AMR [18]. Thus, AMR initiatives in the country have
been pooling efforts toward establishing the foundation of a
surveillance system. The Fleming Fund Country Grant sup-
ported implementation of the country’s National Action Plan
(NAP), increasing laboratory infrastructure and establishing a
national reference laboratory. Simultaneously, the CAPTURA
project, as one of the Fleming Fund Regional Grants, collated
and provided baseline data using retrospective data obtained
from September 2019 to December 2021 at the Port Moresby
General Hospital. This was coupled with capacity building
for data management and analyses. To ensure sufficient moni-
toring of AMR in the country, a formal AMR surveillance net-
work with sufficient microbiological capacity, nationwide data
sharing, and analysis and interpretation capacity will be needed
going forward.

Nepal: Expansion of AMR Surveillance Network

In Nepal, the number of sites for AMR surveillance is continu-
ously increasing. Nationwide, there are currently 26 sites with
bacterial culture facilities for AMR surveillance. Through the
leadership of Ministry of Health and Population, CAPTURA
was able to liaise with and secure support from various in-
country stakeholders, including the National Reference
Laboratory and WHO Country Office. Using the Rapid
Laboratory Quality Assessment tool developed by the
CAPTURA consortium, information regarding laboratory re-
sources (for example, equipment and staffing) and AST practic-
es were generated to identify potential sites for expansion of the

AMR surveillance network. With the expansion, the time has
come to collate, analyze, and use larger amounts of data to in-
form local action and policy on AMR. The Ministry of Health
and Population is committed to combating AMR through ac-
tions such as strengthening surveillance by building laboratory
capacity, reducing the heterogeneity in data, improving data
management by standardizing data collection, and collaborat-
ing with a wider group of AMR stakeholders both nationally
and globally.

Bangladesh: Capacity Building and Expansion of AMR Data Volume

In Bangladesh, the priority remains to increase the volume and
ensure the quality of AMR data in the country. A total of 9 sur-
veillance sites (8 public, 1 private) led by the Institute of
Epidemiology, Disease Control and Research generated approx-
imately 20 000 individual records (where 1 row represents 1 AST
result per isolate) in the past 4 years (2017-2020). With the im-
plementation of the CAPTURA project in 2019 to identify data
sources across the country and assess the quality of laboratories,
the total volume of AMR data increased to more than 1 million
records obtained from 34 facilities, including public (n = 10)
and private (n = 24) facilities. In addition, CAPTURA conduct-
ed substantial capacity-building activities on data management
to ensure that the generation of quality data can be sustained be-
yond the work of the project. These efforts included WHONET
training in 46 laboratories (both public and private facilities)
with more than 160 participants. Other key CAPTURA contri-
butions included rapport formation with policymakers and
quality assessment of laboratories. In the future, Bangladesh
aims to incorporate data from private laboratories for prospec-
tive surveillance, ensure quality assurance of participating labo-
ratories, and strengthen the data capture system via laboratory

information management systems.

Bhutan: Early Efforts in AMU

Recently, antimicrobial stewardship has been prioritized in the
NAP to combat AMR in Bhutan [19]. Initiatives to monitor
AMU in Bhutan are actively updated to ensure the guidelines,
policies, and protocols that support optimal prescribing prac-
tices are in place. Recently, a prospective audit where physi-
cians review drug orders and provide direct feedback to the
prescribers was implemented [20]. It includes a biweekly feed-
back period in which compliance and data are closely moni-
tored. This prospective audit resulted in improved use of
antimicrobials and a decrease in cost, as decisions on drug
use were carefully discerned. Data generated through audits
potentially provide a picture of the AMU situation in a facility
because it captures detailed patient and clinical information
with prescription data. Other interventions, such as targeted re-
view of designated antimicrobials, efforts to streamline therapy
(recommending the use of narrow spectrum and eliminating

unnecessary long-term therapy), and conducting point
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prevalence surveys will likely improve AMU monitoring, re-
sulting in improved patient care and prescription guidelines
[21]. The support of CAPTURA and other Fleming Fund initia-
tives have been helpful for infrastructure and capacity building
for AMU monitoring in Bhutan.

THE WAY FORWARD

To close the CAPTURA workshop, representatives from other
ongoing regional AMR efforts provided an overview of several re-
gional AMR surveillance initiatives along with their planned and
potential activities. As with CAPTURA, initiatives such as
MAAP, RADAAR, and ADILA are also working toward improv-
ing the use of existing AMR data in low- and middle-income
countries (LMICs), among other distinct project goals [3, 9-11,
22]. Highlighting their experiences and the way forward for these
similar yet unique projects are significant given the potential for
aligning activities, sharing tools and methodologies, and capacity
building resources and strategies.

Example of Regional AMR Surveillance

MAAP is a multipartner consortium led by the African Society
for Laboratory Medicine (ASLM) and gathers the Africa Centres
for Disease Control and Prevention (Africa CDC), the West
African Health Organization (WAHO), the East Central and
Southern Africa Health Community (ECSA-HC), One Health
Trust (previously Center for Disease Dynamics, Economics &
Policy), IQVIA, and Innovative Support to Emergencies,
Diseases and Disasters [9]. MAAP aimed to increase the volume
of analyzable datasets by retrieving and analyzing retrospective
AMR data from 14 priority countries of sub-Saharan Africa.
Within the consortium, country engagement was led by Africa
CDC and supported by WAHO and ECSA-HC in respective re-
gions. In each country, single data-sharing agreements were es-
tablished between respective Ministries of Health (MOHs) and
ASLM, covering the modalities of data collection in all selected
facilities. Data were collected under the coordination of the
AMR CC and stored on a cloud server under ASLM custody,
with full access to the data always guaranteed to the MOHs.
Data were analyzed by the MAAP consortium, and the results
were interpreted and validated in collaboration with each
AMR CC and ultimately summarized in standardized country
reports. Subsequently, ASLM and Africa CDC convened virtual
meetings to discuss drafts of country reports with each country
team to better outline the significance of the findings in terms of
public health interventions and national AMR containment pol-
icies, such as NAPs. The reports were then finalized and shared
with respective permanent secretaries of MOH through Africa
CDC communication channels. Fourteen final reports were pre-
pared and discussed in a continental closure meeting convened
by Africa CDC (September 2022), gathering high-level country
representatives, regional and global stakeholders, such as the

WHO Regional Office for Africa, the Global Fund to fight
Malaria, AIDS and tuberculosis, and the United States Centers
for Disease Control and Prevention. The close involvement of
African strategic and policy partners (Africa CDC, WAHO,
and ECSA-HC) and the transparency around data management
and sharing has fostered notions of trust and confidence among
countries. The success of MAAP confirms high tolerance for
data sharing, provided that mechanisms for country ownership
and fair participation are put in place. This model of collabora-
tion exemplifies the feasibility and the significance of work led by
Africans for Africans.

Policy and Advocacy of AMR

The RADAAR consortium promotes the use of data and ev-
idence to drive policy and generate action across a One
Health paradigm. Within country NAPs, there is a need to re-
frame the problem of AMR and response as something to re-
tain and sustain achieving “country antimicrobial efficacy,” a
conceptual term suggested by the RADAAR project, which
recognizes the need to preserve the efficacy of current antimi-
crobials given the challenges with consumption and prescrib-
ing behaviors, and absence of new antimicrobials in the
foreseeable future. Similarly, adding a theory of change mod-
el and time-bound numerical targets to NAPs could be ben-
eficial to countries looking to improve their NAPs. As
illuminated by RADAAR project’s insights, sociobehavioral
research in AMR is imperative because the emergence and
spread of AMR is largely driven by human actions and behav-
iors [23]. A RADAAR poll conducted during a biregional
(Asia and Africa) policy workshop indicated the following
in LMICs: 66% said that countries were not able to systemati-
cally translate emerging AMR/AMU/AMC data and evidence
to effectively inform or influence policy, and 67% rated cur-
rent capacities to translate AMR data/evidence into effective
policy briefs and pitches to policymakers as poor (based on 76
respondents from 30 countries [including 15 Fleming Fund
priority countries]). This reflects the challenges countries
face in translating data into evidence, which could be attrib-
uted to the lack of systematic step-by-step “how-to” guidance
on AMR policy advocacy, training opportunities, and limited
capacities to conduct data analysis and visualization. The up-
coming RADAAR initiative partners with the Evidence
Informed Policy Network of the WHO and aims to build ca-
pacity in participating countries to translate knowledge into
action through a series of facilitated training workshops
(mentoring and coaching), the establishment of country-level
AMR knowledge translation platforms, and ultimately
country-/context-specific policy briefs. The initiative is call-
ing for an increased demand for and use of policy-relevant
AMR data and policy briefs, and for improved AMR data
sharing and analysis across all stakeholders and sectors.
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Importance of Capacity Building

The Global Research on Antimicrobial Resistance project high-
lights AMR as a leading global health issue that disproportion-
ately affects people living in LMICs [24]. There is a serious need
for action to close this gap between the global North and South,
which requires advocacy and awareness for the delivery of
health services, improvements in diagnostic capacities to in-
form clinical care, and improvements in data management,
analysis, interpretation, and sharing capacities. Furthermore,
good policy is needed around antibiotic use given the lack of
clear policy goals for AMR. The WHO AWaRe categories
[25] of antibiotics, which guide health professionals for empiric
antibiotics prescription, can be applied to the development of
policy goals and indicators on consumption at a local level.
The ADILA project [11] aims to optimize the use of AMR sur-
veillance data and link closely with initiatives such as the WHO
AWaRe antibiotic book [26] to inform and support individual
countries in drawing policies and generating local action to
curb rising AMR levels through appropriate antibiotics use.
The project is centered around modelling AMU and comparing
observed to expected use of antibiotics using the AWaRe cate-
gories, while also building capacity locally so that local research-
ers can better use and share tools and codes for data analysis, to
enable facilities to better manage and share data. ADILA is
funded by the Wellcome Trust (ref no: 222051/Z/20/Z).

CONCLUSION

The CAPTURA Regional Workshop in June 2022 provided an
improved understanding of the CAPTURA project data out-
puts and successes, and how the lessons learned can inform na-
tional and regional efforts to combat AMR across Asia. The
baseline data collated through CAPTURA'’s retrospective data
collection and analyses can be used to guide policies, interven-
tions, and investments and inform high-level decisions and
guidelines throughout the region. CAPTURA’s focus on data
management capacity building has facilitated the optimization
of local data management practices and data sharing and has
enabled country ownership of data in several countries. As ex-
emplified by CAPTURA stakeholders in local, regional, and
global settings, building on the country’s current foundation
and tailoring approaches to meet local needs and capacities
are crucial priorities going forward. Although much work re-
mains in the fight against AMR, such as promoting behavior
change and communicating the cost benefit of prevention to
governments while increasing public awareness on AMR,
CAPTURA’s work has paved the path forward for AMR sur-
veillance data generation and its use in the Asian region.
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