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Emerging and re-emerging infectious diseases (EIDs) remain a
persistent threat to global health. Around 60% of EID events are
zoonotic, with environmental change, land-use change, and
increasing human–animal interactions creating new opportunities
for pathogen spillover and emergence [1,2]. Despite repeated
warnings, global preparedness for EIDs remains inadequate. Since
the 2009 H1N1 influenza pandemic, multiple international panels
and commissions have proposed reforms to strengthen pandemic
preparedness, yet many recommendations have remained only
partially implemented [3]. The COVID-19 pandemic exposed
important limitations in existing preparedness frameworks. Nota-
bly, several pre-pandemic preparedness assessments failed to reli-
ably predict national performance during COVID-19, suggesting
that important determinants of effective public health response
were inadequately reflected in existing evaluation frameworks
[3,4].

These limitations point to a broader weakness in preparedness
for EIDs: the gap between risk assessment and decision-making.
Surveillance and analytical capacity have advanced substantially,
increasing the ability to identify unusual events and characterize
emerging threats [5]. Yet early identification does not necessarily
lead to timely or proportionate actions. Preparedness depends
not only on the ability to detect and characterize emerging risks,
but even more critically on the ability to convert assessment find-
ings into timely and evidence-informed decisions before the win-
dow for effective intervention closes. In this Perspective, we
examine how risk assessment can better bridge the gap between
early signals and operational action through closer integration into
preparedness and decision-making. Its value lies in supporting
decisions before and during emerging events, especially when evi-
dence is incomplete and the consequences of delay remain
uncertain.

Risk assessment as the bridge from signals to action. Surveillance,
early warning, and risk assessment are closely related but serve
distinct purposes (Table 1). Surveillance refers to the systematic
and continuous collection, analysis, interpretation, and dissemina-
tion of health-related data to support public health action [6]. It
establishes what is happening and whether epidemiological pat-
terns are changing. Early warning focuses on detecting unusual
events that may require attention and determining whether
observed changes represent a credible signal [5,7].

Risk assessment for EIDs generally begins with the identifica-
tion of a hazard, followed by an assessment of the likelihood that
the event will occur or spread and the potential impact if it does
[8,9]. The presence of a hazard alone, however, does not determine
public health risk. Most operational frameworks therefore consider
both likelihood and impact [8,9]. An event with a high probability
of occurrence may have limited consequences, whereas an event of
lower probability may still represent a substantial threat if its
potential impact is severe.

Both likelihood and impact are context dependent. The same
pathogen may pose different levels of risk across populations, set-
tings, or periods. The emergence of highly pathogenic avian influ-
enza A(H5N1) in US dairy cattle in 2024, for example, created
new opportunities for occupational exposure and altered the
assessment of human infection risk. Population immunity and
prior epidemic exposure can similarly modify transmission and
disease impact. For instance, the spring 2024 COVID-19 wave in
Beijing showed substantially mitigated transmission and health
impact compared with earlier epidemic periods [10]. Environmen-
tal conditions, demographic structure, and the capacity to respond
may further modify these relationships [11]. Risk assessment is
ing, and
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Table 1
Distinguishing surveillance, early warning, and risk assessment.

Concept Core question Main function Typical output Link to action

Surveillance What is happening? Continuous data collection, analysis,
interpretation, and trend monitoring

Incidence, prevalence, positivity,
severity indicators, mortality, and
affected populations

Provides the evidence base for
detecting changes and
monitoring interventions

Early warning Is something unusual
emerging?

Signal detection, verification, and alerting Signals and alerts Triggers further investigation,
intensified monitoring, or rapid
assessment

Risk assessment How serious is the
threat and what
should be done?

Synthesis of hazard, exposure,
vulnerability, likelihood, impact,
uncertainty, and response capacity

Risk level, confidence level, scenarios,
response options, escalation
thresholds

Supports preparedness and
response decisions under
uncertainty
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therefore inherently context specific, requiring judgments of likeli-
hood and impact to be interpreted within the circumstances of
each event.

Where the pathway from signals to action breaks down. Failure
can occur at several points between detection and response
(Fig. 1). The first problem is delayed verification and attribution.
A signal may be visible before its cause is understood, particularly
where access to laboratory testing or field investigation is limited.
The West African Ebola epidemic illustrates the consequences. The
earliest known cases occurred in Guinea in December 2013, but
Ebola virus disease was not confirmed until March 2014 [12].
When an emerging threat is initially mistaken for a more common
disease, opportunities for early containment may be missed.

Second, risk may be inaccurately characterized. Rapid assess-
ments commonly summarize conclusions using categories such
as low, moderate, or high. These categories are useful for summa-
rizing overall risk levels, but they are often not linked to clear
action thresholds. For decision-makers, a statement such as ‘‘mod-
erate risk” may not clearly indicate what action should be taken
and how resources should be allocated. Assessment may also be
constrained by assumptions derived from previous experiences.
During the 2015 Middle East respiratory syndrome outbreak in
the Republic of Korea, extensive healthcare-associated transmis-
sion occurred despite the absence of sustained community trans-
mission, illustrating how transmission potential can change
substantially across settings [13]. Similarly, the 2013–2016 West
African Ebola demonstrated that Ebola could sustain large-scale
transmission across multiple countries, in contrast to the geo-
graphically limited outbreaks observed previously [12,14]. Emerg-
ing events become particularly difficult to assess when their
epidemiology departs from established patterns.

A third and more consequential gap occurs when credible warn-
ing does not lead to timely action. Risk assessments are inherently
conducted under uncertainty, but decisions are often postponed
until evidence becomes more definitive. For rapidly expanding
EIDs, waiting for greater certainty may result in missed opportuni-
ties for effective control. During the West African Ebola epidemic,
Médecins Sans Frontières warned in June 2014 that the epidemic
was out of control, whereas a Public Health Emergency of Interna-
tional Concern (PHEIC) was not declared until 8 August [12,14].
During COVID-19, a PHEIC was declared on 30 January 2020, but
major responses in many countries followed weeks later; the Inde-
pendent Panel subsequently characterized February 2020 as a ‘‘lost
month” during which opportunities for early containment were
missed [3].

Part of this delay arises from the different ways in which the
costs of action and inaction are perceived. The costs of intervention
are immediate and observable, whereas the benefit of preventing
an outbreak is difficult to quantify when the adverse outcome does
not occur. False alarms may also have political and economic con-
sequences. These incentives favor waiting for stronger evidence,
even when the cost of delay rises rapidly with expanding transmis-
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sion. A decision-oriented assessment should help decision-makers
understand how different response options may perform under
plausible scenarios, rather than allowing uncertainty to become a
reason for delaying action.

Finally, recognizing a risk does not guarantee an effective
response. Preparedness assessments often focus on whether coun-
tries have emergency plans, laboratory capacity, surveillance sys-
tems, and coordination mechanisms, but the existence of these
components does not necessarily ensure that they can be activated
rapidly during a crisis [4,15]. For instance, during COVID-19, coun-
tries with similar levels of assessed preparedness experienced sub-
stantially different response outcomes, highlighting the combined
influence of governance, coordination, and public trust on the
translation of capacity into action [4,16]. Effective preparedness
therefore requires not only accurate risk assessment, but also the
institutional ability to translate assessment findings into timely
action.

From risk assessment to action: bridging the assessment–response
gap. First, a practical starting point is faster verification and patho-
gen attribution. The expansion of event-based surveillance (in
addition to classic indicator-based surveillance), digital intelli-
gence, and genomic monitoring has improved the capacity to
detect unusual signals, but detection alone does not make a signal
actionable [5,7]. Delays in sample transport, laboratory testing, or
pathogen identification can leave an emerging event unexplained
and delay targeted response. This is particularly important in
remote or resource-limited settings, where delays in laboratory
confirmation can slow down field investigation and targeted con-
trol. Strengthening decentralized laboratory capacity, regional ref-
erence networks, sample transport systems, genomic sequencing,
and real-time data sharing should be integrated into routine pre-
paredness planning and maintained before outbreaks occur
[7,17,18]. In addition, it requires sustained financing, as delays in
one remote area can rapidly become a wider threat in case the
pathogen is highly transmissible.

Second, risk assessment should be designed to better support
decisions under uncertainty. Assessments should provide more
than a risk estimate by clarifying how the judgment was reached
and how it may change as new evidence becomes available [8,9].
Probabilistic and scenario-based analyses can help decision-
makers evaluate how different assumptions regarding transmissi-
bility, severity, population susceptibility, health-system capacity,
and response timing may influence projected outcomes and
response options. This is particularly crucial when the available
evidence is limited, but the cost of waiting could be high. Where
uncertainty is substantial and analytical capacity allows, parallel
assessments by separate teams using different models or assump-
tions may help test the robustness of conclusions and make the
sources of disagreement more explicit. The findings can then be
reviewed through rapid multidisciplinary consultation and trans-
lated into a concise decision brief summarizing the current risk,
key uncertainties, plausible scenarios, and immediate response
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Fig. 1. From signals to action: common failure points and bridging mechanisms in emerging and re-emerging infectious disease risk assessment and response. The pathway
extends from signal detection and verification through risk assessment to decision-making and response. Failures may arise from delayed verification, poor characterization
of risk, weak linkage to action, or insufficient operational readiness. Corresponding measures include rapid verification, decision-ready and context-sensitive assessment,
predefined action triggers, and tested response capacity. Timely data sharing and clear responsibilities support the pathway, while updated evidence feeds back into
reassessment and adjustment of response.
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options. Risk assessments should also be updated as the outbreak
evolves and new evidence emerges on transmission, intervention
effects, population susceptibility, and health-system capacity.

Decision-ready assessments should also consider whether pro-
posed responses are feasible in the setting where they will be
implemented. Existing assessment and preparedness tools tend
to focus on formal capacities, yet outbreak outcomes are also
shaped by the broader social, political, and institutional environ-
ment. These factors can influence case detection, public acceptance
of control measures, and the ability to mobilize available resources.
During COVID-19, countries with comparable preparedness scores
experienced markedly different outcomes, indicating that docu-
mented technical capacity alone did not reliably predict response
performance [4,15]. Governance and public trust were among the
factors that influenced whether available capacities could be used
effectively during the pandemic [4,16]. Stigma, community
engagement, regulatory constraints, and unequal access to coun-
termeasures may further affect the feasibility and reach of public
health interventions. Risk assessment should therefore take
account of these contextual constraints when considering how an
identified risk can be managed in practice.

Third, risk assessment outputs should be linked to predefined
triggers for action. A risk label has limited value if it does not spec-
ify what should take place next. Signals such as healthcare worker
infections, unexplained clusters of severe disease, cases without
known exposure links, or confirmed cross-border spread should
be connected to operational responses. These may include
expanded testing, hospital preparedness, cross-sector coordina-
tion, emergency financing, or international notification [9,17]. Pre-
defined triggers can reduce unnecessary delay by clarifying when
action is warranted despite incomplete evidence, while still allow-
3

ing room for expert judgment. Subsequent reassessments should
indicate whether the existing response remains appropriate as
the level and nature of risk evolve.

Finally, preparedness should be judged by operational readi-
ness, rather than by the existence of plans. Many countries have
emergency protocols, stockpiles, laboratory networks, and coordi-
nation mechanisms on paper, but these arrangements may not
function under pressure if they have not been examined [15]. Reg-
ular drills and cross-sector exercises can reveal weaknesses in
command, financing, logistics, and workforce deployment before
an emergency occurs. Preparedness should therefore reflect
whether personnel and resources can be mobilized rapidly and
decisions implemented once an alert is issued. Strong routine
health systems, including primary health care and universal health
coverage, are also part of this readiness, as emergencies are ulti-
mately managed through the systems that exist before a crisis
begins [3,16].

Data-sharing and coordination are another part of operational
readiness. Routine channels are needed to exchange information
rapidly within institutions, while clear focal points and agreed pro-
cedures can facilitate the integration of epidemiological, labora-
tory, and clinical evidence across sectors [7,15,18]. These
arrangements help ensure that decision-makers receive a suffi-
ciently complete and timely picture to support action.

In conclusion, effective preparedness for EIDs depends on
whether early signals can be carried through to action. Risk assess-
ment occupies a critical position in this pathway by translating
incomplete and evolving evidence into judgments that can inform
decisions while opportunities for control remain. Experience from
major outbreaks shows that this pathway may break down even
after a threat has been detected. As surveillance and analytical
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capacity continue to improve, greater attention should be directed
to the link between assessment and response. Bridging this gap is
central to moving from signals to timely and proportionate action.
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