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ABSTRACT

An important outcome of the devastating 2014 West
African Ebola virus disease outbreak and the 2020
COVID-19 pandemic has been the growing promotion

of conducting research during outbreaks of emerging
infectious diseases (EIDs) as a valuable and acceptable
process of acquiring knowledge to enhance our ability to
better prevent and control these diseases in the future.
Recognising the unique opportunity during outbreaks to
leverage increases in cases over a short time interval
and in a circumscribed area, we articulate a systematic
process of conducting EID outbreak response research,
highlighting knowledge gaps that should be prioritised,
and measures that can be applied to mitigate numerous
barriers commonly experienced during such times. We also
highlight ethical considerations that must be addressed
to minimise practices that continue to erode global
confidence in sharing specimens and data.

INTRODUCTION

During the 21st century, epidemics of infec-
tious diseases have appeared with increasing
frequency, severity and scale, primarily
due to escalating extreme weather events,
increased human mobility and intercon-
nectedness, population expansion, land
use changes, encroachment into territories
with wild animals and exotic animal trade.' *
Ideally, when confronted with the challenge
of an outbreak caused by an emerging or
re-emerging pathogen, the pathogen and
associated disease should be studied and char-
acterised in order to develop and implement
potential solutions to mitigate impact, and
iteratively assess their effectiveness, refining
intervention strategies during and after the
outbreak response. This cycle of knowledge
generation and assessing interventions leads

,'® Luke Nyakarahuka,®
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SUMMAYR BOX

= There is growing acceptance and practice of con-
ducting research during emerging infectious diseas-
es (EIDs) outbreaks to acquire knowledge useful for
preventing and controlling future outbreaks.

= We document a process for ensuring timely research
to fill knowledge gaps that should be prioritised
during EIDs outbreak. Importantly, we address opti-
mal practices around privacy and ownership of data
and specimens designed to build and sustain trust
among local, national and regional partners in con-
ducting investigations during outbreaks and sharing
data globally; by recommending local control of the
process and ensuring that knowledge gained bene-
fits source communities reputationally and via resul-
tant intellectual property.

= Adopting the recommended approaches should en-
hance local and global acceptance and practice of
timely outbreak response research that guarantees
involvement and maximum benefits for affected
communities.

to implementation strategies that continually
enhance the ability to prevent and control
(re)emerging infectious diseases (EIDs) and
to minimise their broader societal impacts.
Even when the initial efforts in controlling
an EID outbreak are successful, knowledge
acquisition should not stop there. Since
pathogens continue to evolve, so must the
strategies to prevent and control them.
Prevention and response must be dynamic
and flexible, equipped to recognise emerging
public health setbacks, such as interventions
with waning effectiveness, and to conduct
epidemiological and translational research
that helps determine necessary modifications
in tools or strategies to reduce or eliminate
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Table 1

lllustrative knowledge gaps on EIDs that can be best addressed during outbreak response

Knowledge gap

Study methods

1 Characterise the spectrum of illness—from asymptomatic, mild and

severe to fatal
2 What are the medium- and long-term clinical sequelae?
What are the risk factors for severe and fatal disease?

Case series, cohort, community and hospital-
based

Case series, cohort
Case series, cohort, case—control

What are protective factors associated with asymptomatic or mild

disease?
4 Are there inter- and intra-epidemic pathogen evolutions?

5 Characterise short- and long-term humoral and cellular immune
responses and define their roles in disease progression and outcome

Genomics using biobanked specimens

Clinical studies with immune profiling (requires
long-term follow-up with multiple clinical,
epidemiological and specimen collection)

6 Efficacy of existing (or in advanced development—ie, ready for

phase Ill or IV RCTs) vaccines and therapeutics, as well as non-
pharmacological interventions

Develop new or improve existing diagnostic or detection tools
including rapid point of care or field-based diagnostics and

Randomised control trials, case—control
effectiveness studies (for existing products)

Laboratory

diagnostic algorithms (ie, scoring systems incorporating biomarkers,

clinical and epidemiological information)

8 What role do animal reservoirs and vectors play in transmission to
humans (human-to-human, vector-to-human or animal-to-human)?

EID, emerging infectious disease; RCTs, randomised controlled trials.

the incidence of infection and ensuing morbidity or
mortality. Outbreaks generate a greater number of
cases of infection over a short time interval in a circum-
scribed area than occur during non-outbreak periods.
Consequently, outbreaks offer opportunities to conduct
adequately powered and statistically sound, well-designed
studies in humans to address critical knowledge gaps
about pathogens and the diseases they cause (table 1).
Since most outbreaks of (re)emerging pathogens are
rare, an outbreak becomes an optimal setting to imple-
ment basic, translational, clinical and epidemiological
studies that may inform the next generation of medical
and behavioural countermeasures and public health
prevention and/or intervention strategies.

The large, sustained outbreak of Ebola in West Africa
beginning in 2014 was a watershed moment; demon-
strating the value of outbreak-related research in opti-
mising approaches for preventing future outbreaks and
at the same time reducing cases and severe outcomes (i.e
control) during the ongoing outbreak. However, timeli-
ness of implementing the research and, asaresult, control
measures was suboptimal. Converly, research was accel-
erated greatly during the COVID-19 pandemic, creating
an expectation of knowledge generation that may not
be reproducible during smaller epidemics or outbreaks
with lower case-fatality rates. Acquired knowledge during
outbreak research can be used for forecasting future
outbreaks. For example, characterising the role of urban-
isation and lack of infrastructure in increasing the risk for
the emergence and spread of avian influenza in Vietnam
can be used both for forecasting future outbreaks and for

Epidemiological (case—control and observational
hypothesis generation—including

Animal/vector exposure data, sampling and
testing)

advocating of optimal urban planning and development
to prevent future outbreaks of known and potentially
unrecognised pathogens.”

Anchored in the WHO technical guidelines on inte-
grating research in EID outbreak preparedness and
response (figure 1),"° we here articulate a systematic
process of knowledge acquisition that could be used
during an EID outbreak (table 1). As members of the US
National Institutes of Health-funded Centers for Research
in Emerging Infectious Diseases (CREID) Network,
which was established in 2020 and works in regions where
EIDs frequently occur, we have drawn from diverse expe-
riences before and during the last 5 years of the network’s
existence.” The CREID Network builds on the WHO’s
research and development blueprint by emphasising the
sharing of protocols and agreements, pathogen-related
data and research tools, and emerging medical counter-
measures so that research can be conducted promptly in
the country when an outbreak occurs.

Outbreak research approach and methodologies

Outbreak response research (ORR) must always be
conducted in the context of stress and fear in affected
communities and their health systems. Both to address
the concerns of community members and policy makers
and to optimise the rigour of the research, the design
and conduct of outbreak-associated research is extremely
time sensitive. Because protocol development and ethical
review are often labour-intensive and time-consuming,
we propose that generic research proposals reflecting a
range of potentially relevant study designs be prepared
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Figure 1 Organogram of integrated outbreak response research (ORR) framework, built around the four classical pillars

of outbreak response: (a) laboratory and surveillance, (b) interventions, (c) stakeholder and community engagement and (d)
research and technology. Well-implemented ORR approaches may engage and derive data from multiple pillars through
epidemiological and clinical approaches, laboratory-based diagnostics and real-time genomics, and integrate other state-
of-the-art technologies such as artificial intelligence (Al) and advanced modelling. Translation and implementation research
approaches engage with the intervention pillar. Research activities are anchored around the local incident command to ensure
an adaptive and timely response to community and local government interests and concerns, reinforced by regional and global
coordination by agencies such as WHO and Africa Centers for Disease Control and Prevention.

and approved in advance. Unique characteristics of
an outbreak may require revising the protocol, but
this process is always faster than developing a de novo
proposal.

As illustrated in online supplemental case study 1,
rapidly developing and expeditiously approving new
protocols during outbreaks should be prioritised.
The WHO recently developed an adaptive multi-stage
pre-approved vaccine efficacy protocol for filoviruses,
providing an example of a protocol that they can be
ammended and approved by countries facing EID
threats.®

Selection of specific research designs and methodolo-
gies must depend on the knowledge gaps being addressed
and the feasibility of the research, including what is

acceptable and implementable within the outbreak
setting (table 1). Case series can illuminate clinical
features, severity and outcome, demographic features and
suggest potential exposures.”! Cohort and community
studies, such as following the behaviours and movements
of residents living within an outbreak-impacted commu-
nity, can provide opportunities to assess incidence rates
and temporal trends, as well as geographic variations in
incidence that could generate hypotheses on the source
of an outbreak, especially when overlayed with animal,
vector, and demographic data. Such study designs can also
help to evaluate human-to-human transmissibility and,
ultimately provide fundamental data for assessing effec-
tiveness of interventions and diagnostic tools."*"* Longi-
tudinal data from cohorts can inform long-term sequelae
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of the disease, as well as duration of transmissibility of the
pathogen."” Likewise, case—control studies can provide a
relatively quick approach for hypothesis generation on
specific risk characteristics and exposures, and identify
transmission patterns, and effectiveness of existing phar-
maceutical and non-pharmaceutical interventions.'®"®
1920 Evaluating new vaccines or pharmaceutical treat-
ments would require randomised controlled trials,*" **
and may have unique ethical design considerations when
there are existing tools that are routinely used to treat the
outbreak pathogen or disease.”

Appropriately configured local ethical review commit-
tees must have the opportunity to expeditiously review
and determine conditions for approval of research
involving human subjects conducted during outbreaks.
Both WHO and the US National Academies of Sciences,
Engineering and Medicine have recognised the unique
challenges of ethical review of research in the context
of outbreaks or epidemics and have published insightful
recommendations.*® These include the development
of template clinical trial agreements reflecting shared
understandings about key issues such as data sharing,
post-trial access to interventions, storage and analysis of
biospecimens, and investments to build local capacity.

How should outbreak research priorities and strategies be
chosen?

How should ORR start? An overarching question should
be whether the existing EID preparedness and response
programmes and policies are guided by rigorous and
up-to-date evidence to mitigate the outbreak effectively
and quickly. Knowledge acquisition encompasses a
broad range of research, centered around epidemiology,
genomics, pathogenesis, immunology, clinical science,
socio-behavioural, and biomedical intervention develop-
ment and implementation (eg, diagnostics, therapeutics,
vaccines).

A step to consider in this process during an unfolding
of an outbreak is convening a multi-disciplinary team of
experts with robust local representation to review existing
information on disease epidemiology and pathogenesis,
current response strategies, available interventions and
knowledge gaps that may limit the effectiveness of the
response (box 1). During public health emergencies of
international concern, the WHO plays a critical role in
coordinating global efforts during this initial step, while
national health and research agencies, universities and
research institutions partner within and across coun-
tries. Table 1 lists examples of generalisable knowledge
gaps associated with emerging and re-emerging patho-
gens that can be used to rapidly guide the development
of research priorities during outbreak response. Once
general and pathogen-specific knowledge gaps are iden-
tified, they should be shared quickly with leaders of
atrisk or affected communities, public health authorities
and funders. Potential knowledge acquisition strategies
should be discussed and prioritised through a collabora-
tive and consultative process that ensures buy-in from the

Box 1
research

Stepwise process of initiating outbreak response

Step 1 Review disease epidemiology and available data on clinical
presentation and outcomes.

Review what is known about the causative agent (is it new?, strain
characteristics?).

Review available diagnostics and interventions (therapeutics,
vaccines, behavioural, policy).

Review what is known about the socio-cultural impact of the
outbreak.
Step 2* Define knowledge gaps for identified pathogen and
associated disease, including transmission and exposure risk
factors, clinical manifestations, duration of iliness, features of severe
outcomes including mortality, long-term clinical sequelae, formulating
scientifically robust research questions and generating hypotheses.
Step 3* Develop research priorities, often hypothesis-driven,
emphasising knowledge gaps that could strengthen control of the
outbreak, as well as preventing future outbreaks.
Step 4 Engage government, local non-governmental organisations
and funding agencies, maintaining bidirectional communication with
communities to obtain support and participation (where possible) in
outbreak response research.
Step 5 Rapidly implement research plans, using pre-approved and/or
new research protocols.
Step 6 Continuously reassess knowledge gaps and priorities as
research data are received.

*Ensure government experts and community members involvement.

government, community leaders and funding agencies
(box 1).

While it is of value to have priorformulated disease-
specific knowledge gaps and research priorities, active,
context-specific research on EIDs should be conducted
in a continuum that starts before an outbreak, leverages
those findings and infrastructure during an outbreak, and
builds on the new insights after an outbreak to strengthen
prevention and control for future outbreaks. There are
many examples of continued pathogen evolution or
mutation events during and after an outbreak that led
to widened geographic range or changes in transmission
pathways and disease severity. Early in the COVID-19
pandemic, lack of fundamental knowledge on the SARS-
CoV-2 virus posed significant challenges in understanding
the pathogenesis, transmissibility, host immune response,
and efficacy of clinical and non-clinical countermeasures.
As described in online supplemental case study 2, the
rapid development of small animal models of the virus was
critical in bridging these gaps.27_29 The epidemiology of
Mpox, a pathogen initially associated with cases in Africa
after exposure to rodents, continued changing in Africa
and on introduction into Europe and North America,
to human-to-human transmission through skin transmis-
sion.” Likewise, the geographic distribution of Zika and
Lassa fever viruses has recently been expanding.31 3

Enhancing ethical considerations
With a shared goal of promoting ORR at global, regional
and national levels,5 3% we contend that critical ethical
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considerations must continue to be improved.”* Both
the Council for International Organizations of Medical
Sciences’ International Ethical Guidelines for Health
Related Research Involving Humans and the World
Medical Association’s Declaration of Helsinki recognised
the importance of research, affirming that interventions
needed to be evaluated continually for their safety, effec-
tiveness, efficiency, accessibility and quality.”” ** However,
these landmark human subjects guidelines made clear
that this goal should never take precedence over the
rights and interests of individual research subjects and
their communities. Therefore, global approaches must
continually endeavour to balance data and specimen
sharing responsibilities with exigencies on data security,
privacy, sovereignty and beneficence.”® Frameworks for
privacy protection of data and specimens must be deter-
mined locally so that governments and communities
are not caught unaware that data and/or specimens are
being shared, and to guarantee appropriate intellectual
property assurances for data and specimens. To mitigate
practices that erode global trust in sharing of data and
specimens, which WHO has identified as a major concern,
mechanisms ensuring that local entities maintain control
and access to specimens and data collected locally should
be strengthened.” We also recommend strengthening
guidelines around the use of databases and specimen
biobanks, guaranteeing benefits to the source communi-
ties from resultant intellectual properties, and including
their scientists in publications and patents.” *°

On local control and sharing of EID specimens, it is
important to recognise that risk group 3-4 pathogens
require storage in high containment laboratories (ie,
BSL3-4), and validated inactivation processes to ensure
safe and effective downstream research use outside
of containment. While in recent years many low- and
middle-income countries have established specimen
biobanks that can handle low to moderately infectious
specimens, they lack high containment facilities to store
highly infectious pathogens and tools for viral inactiva-
tion.”* Thus, the current approach that promotes ship-
ping highly infectious EID specimens to institutions with
high containment laboratories remains the best option;
however, it is imperative for us to establish a clear and
verifiable process that ensures (a) inactivated samples are
sent back to source country and (b) samples retained by
the receiving institution are managed through a material
sharing agreement. This is important since most source
countries experience recurrent outbreaks of these EIDs,
demanding that we guarantee local needs for these spec-
imens to develop and validate diagnostics and genomic
tools that are critical in mitigating future EID outbreaks.
A mechanism ensuring source countries have access to,
and benefit from the commercialisation of products of
intellectual properties should be developed.

To start aligning with these principles, the CREID
Network established an interactive virtual bioreposi-
tory for specimens and reagents available, designed to
rapidly identify and link Network members that may

have materials that could be shared to promote collabo-
ration and accelerate ORR. Currently, the biorepository
does not provide a sample/vial-level database; instead, it
curates the research site level availability of host-specific
specimens by type (ie, swabs, blood, plasma, etc) and
source (ie, human, animal, arthropod). In addition,
pathogen-specific associated biological reagents available
for sharing are curated by type (ie, virus isolate, anti-
body, polyclonal sera, recombinant protein antigen) and
source (ie, human, animal, virus, etc).

On data sharing, the CREID Network uses the distrib-
uted repository model referred to as the National Insti-
tute of Allergy and Infectious Diseases (NIAID) Data
Ecosystem (NDE). Designed to enhance the discovery of
NIH-funded published infectious and immune-mediated
disease data, the NDE Discovery Portal allows researchers
to search for datasets that are available. Searches on the
Portal can be refined based on several metadata catego-
ries, including year, pathogen, measurement technique
and conditions of access. The extensive search tool can
help users locate downloadable datasets. More than
1 million searchable datasets currently reside on the
NDE Discovery Portal, which indexes data assets from
17 publicly accessible repositories including ImmPort,
ClinkpiDB, NCBI (GenBank), GISAID and AccessClinical-
Data@NIAID. All CREID investigators are encouraged to
deposit CREID-funded data assets into vetted and NDE
visible repositories with a metadata layer that tags the
asset to the pathogen of interest, investigator and CREID
support.

Engaging local communities and stakeholders

Intersecting with ethical considerations is the recogni-
tion that there is a long history of ORR that has been
conceived, led, analysed and reported by groups outside
of the setting where the outbreak occurred, often
without significant input from local scientists, authorities
and communities. Such processes can lead to research
findings that are tangential to local needs. And, without
intentional efforts to address them, pre-existing health
and social inequities can be exacerbated.”

Traditional approaches that might be labelled as
‘extractive’ also fail to build local expertise and expe-
rience in formulating scientific approaches, analysing,
interpreting, and translating findings.* The needs and
aspirations of the communities where the investiga-
tions are implemented must be a crucial determinant of
the value of the research and its findings, on par with
consideration of broader context. In addition to seeking
and incorporating community input, relevant national
research institutes should participate. Local leadership
in the research response does not mean that regional
research institutes and international expertise should not
be engaged, but there must be genuine co-design and a
strategy for research fairness.* Thus, a rigorous process
for active community engagement must accompany ORR.

Community engagement that enables affected commu-
nities to benefit directly and appreciate the long-term
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benefits of ORR is critically important.” Input from
communities on research design (co-design) and timely
sharing of data on clinical trials, validation of diagnostics or
emerging long-term clinical sequelae also provides knowl-
edge and support to public health officials responding
to the outbreak, affected communities and the govern-
ment. Such open and transparent engagement also
builds trust, which is critical for the uptake of and adher-
ence to specific outbreak interventions. Moreover, as new
information is collected and assimilated, recommenda-
tions for mitigation likely will be modified. The message
of how knowledge gaps filled by ongoing research can
reduce disease burden must be clearly and consistently
conveyed and understood among people within affected
and atrisk communities. Equally important is sharing
why changes in recommendations have occurred and
educating the public about the uncertainties of interpre-
tation and the changing nature of early findings during
ORR. Thus, social behavioural science and community
engagement, incorporating the concept of knowledge
acquisition, translation and responsive action, must be
part of every effective outbreak investigation.

Integrating emerging technologies and interventions
Integrating emerging technologies (eg, real-time
genomics, machine learning, advanced modelling and
community-source disease reporting) to ORR offers
opportunities to generate and avail critical data in
near-time during an outbreak, strengthening public
health responses (figure 1).****" The WHO framework
for enhanced pandemic preparedness identified arti-
ficial intelligence (AI) and technological advances on
diagnostics, pathogen detection and data management
as the highest priority research areas that can improve
the quality and rapidity of data collection and analytics
during an epidemic.8 For instance, point-of-care, cost-
effective multi-pathogen tests will be needed to continue
enhancing response to future EID outbreaks and
improve case finding and management. Other emerging
technologies, such as real-time genomics and epide-
miological modelling, offer opportunities to use data
routinely during an outbreak to inform interventions for
control. For example, during the COVID-19 pandemic,
SARS-CoV-2 genomic changes were tracked in real-
time through routine sampling and wastewater surveil-
lance,” ** detecting variants that informed changes in
the infecting phenotypes and provided the potential
for the development of new or modified diagnostics,
and preventive and therapeutic interventions. Likewise,
Al has been used to predict the spread of pathogens, as
shown by work on early SARS-CoV-2 spread in China*™*
and on Zika virus.”

The evolving approaches of integrating real-time
community-sourced human and animal disease event
reporting can be integrated into modelling approaches to
inform pathogen transmission dynamics, improving not only
early EID outbreak detection but also active case finding
during outbreaks.” * During the COVID-19 pandemic,

the Africa Centers for Disease Control reported improved
detection of diseases via existing community-based, event-
based surveillance approaches in several African countries,
including Kenya, Zambia and Senegal.* * Defined as organ-
ised collection, monitoring, assessment and interpretation
of unstructured information regarding public health events
that may represent an acute risk to public health, community-
level, event-based surveillance can be rolled out for routine
use at national and international levels with significant
success for early detection of EIDs.*

Outbreaks provide an opportunity to assess how human
behaviours (like harvesting and ingesting palm date sap in
the case of Nipah virus epidemics in Bangladesh®), and
trends in migration (such as urbanisation) affect the emer-
gence of an outbreak and pathogen spread.” Character-
ising such impacts may lead to strategies to prevent future
outbreaks or limit their magnitude.

Aswell, evidence from research response during outbreaks
has the potential to evaluate and improve existing diag-
nostic tests, therapeutic and preventive drugs and vaccines
(figure 1). Advances in science and industry made it
possible for novel products to be developed with unprece-
dented speed during the COVID-19 pandemic.”® ** Thus,
the research response to an outbreak is not confined to
the drugs, biologics or diagnostic tests that were available
or in development before the outbreak; it is now possible
to collect information and design, develop and test tools to
address a novel pathogen in near real-time for use during
the outbreak. However, products that have been developed
and tested through at least phase I clinical trials will be better
positioned for testing and accelerated development in typical
(non-pandemic) outbreak scenarios. For example, the 2014—
2016 West African Ebola virus outbreak resulted in acceler-
ated development and testing of vaccine and therapeutic
candidates that were later used in the 2021 Guinea and 2022
Democratic Republic of Congo outbreaks.”® For candidate
biologics and vaccines, large outbreaks or epidemics may
provide enough cases for efficacy and effectiveness studies,
whereas small outbreaks of a disease with a high case fatality
rate may still justify compassionate use, even when they have
not been fully evaluated in phase III clinical trials, depending
on available data to support potential impact and safety;
analyses of data systematically collected during such circum-
stances can help inform product modifications and future
clinical trials.

Overcoming barriers to outbreak response research

Multiple barriers continue to limit effective ORR (table 2).
Anticipating these barriers and proactively applying strat-
egies in advance of outbreaks will be critical for optimal
research response in future epidemics, including epidemics
of ‘Pathogen X’. To nurture functional partnerships and
stakeholder networks, WHO, National Public Health Insti-
tutes and Ministries of Health, other agencies and entities
(eg, CREID) can plan for outbreaks, including conducting
tabletop exercises. Importantly, key capacities like molec-
ular epidemiology/genomics, bioinformatics and statistical
modelling, machine learning and generative Al, wastewater
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Table 2 Potential barriers to efficient ORR and mitigations to address them

Barrier Mitigations

Slow pace of response

Obstacles to data and specimen sharing

WN = W =

. Use pre-approved protocols.

. Establish regional vaccine and therapeutics banks.

. Further hasten the expedited protocol approval process.

. Ensure local control and access to data and samples.

. Strengthen guidelines on the use of EID outbreak databases and specimens.
. Ensure intellectual and commercial properties are protected and benefit the

source community and country.

4. Involve local scientists and mentor when necessary for leadership in
producing publications and international reports.

5. Follow the principles of the research fairness initiative.

6. Reduce legal, ethical and logistical hurdles.

Inefficient ethical and regulatory processes 1.
for potentially life-saving interventions

Continued leadership by WHO in expanding, evaluating and strengthening
research and development guidelines for use during outbreaks.

2. Support countries to develop internal capacities to implement and assess
evidence-based interventions during EID outbreaks.

Insufficient funding and human resources to 1.
implement priority research

Establish rapid research response networks perhaps through WHO regional
offices, multilateral organisations (eg, Africa CDC) and through research

collaborations such as CREID Network.

2. Establish dedicated ORR funds through a variety of mechanisms and
sources, including international biomedical research funders, initiatives (like
CEPI) and inter-government alliances.

Lack of coordination and collaboration 1.

In-country coordination led by the Ministry of Health, engaging WHO and

technical partners.

Ineffective translation of research to action 1.

Establish inter-governmental working groups focused on: (a) identifying

priority research that provides evidence leading to effective products; (b)
once products are evaluated, translate these to interventions.

2. Conduct implementation science engaging behavioural scientists and media
to ensure that communities are abreast with the findings.

Limited capacities to apply technological 1.
interventions in LMICs

Support by international agencies and high-income countries, as well
as increased investment by national LMIC governments in building and

strengthening expertise.

Lack of political will to undertake ORR

N —

. Continue advocacy by international public health agencies.
. Continue bidirectional communication and capacity building with national
MOH officers.

CDC, Centers for Disease Control and Prevention; CEPI, Coalition for Epidemic Preparedness Innovations; CREID, Centers for Research in
Emerging Infectious Diseases; EID, emerging infectious disease; LMICs, low- and middle-income countries; MoH, Ministry of Health; ORR,

outbreak response research.

testing, molecular testing should be developed and consist-
ently updated in a strategic fashion globally.

CONCLUSION

We are in a constant race to stay ahead of emerging and
re-emerging pathogens that endanger human health. Crit-
ical to minimising the threats associated with emerging
infections and associated disease outbreaks is to: learn as
much as possible from outbreaks, epidemics and pandemics;
recognise these events as unique opportunities for acquisi-
tion of knowledge that can save lives; support and conduct
studies to answer fundamental questions; and use data from
these investigations to innovate, adapt, implement and scale
up effective solutions to control the ongoing outbreaks
and prevent future ones. A well-resourced and strategically
designed international ORR framework is an essential,

missing component of many existing outbreak preparedness
and response strategies and guidance documents.
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