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Abstract
Purpose of Review Weather and climate influence multiple aspects of infectious disease ecology. Creating and applying early
warning systems based on temperature, precipitation, and other environmental data can identify where and when outbreaks of
climate-sensitive infectious diseases could occur and can be used by decision makers to allocate resources. Whether an outbreak
actually occurs depends heavily on other social, political, and institutional factors.
Recent Findings Improving the timing and confidence of seasonal climate forecasting, coupled with knowledge of exposure-
response relationships, can identify prior conditions conducive to disease outbreaks weeks to months in advance of outbreaks.
This information could then be used by public health professionals to improve surveillance in the most likely areas for threats.
Early warning systems are well established for drought and famine. And while weather- and climate-driven early warning
systems for certain diseases, such as dengue fever and cholera, are employed in some regions, this area of research is
underdeveloped.
Summary Early warning systems based on temperature, precipitation, and other environmental data provide an opportunity for
early detection leading to early action and response to potential pathogen threats, thereby reducing the burden of disease when
compared with passive health indicator-based surveillance systems.
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Introduction

There are significant opportunities to protect and promote
population health by moving from a health systems ap-
proach focused primarily on identification of causes and
response to one of prediction and prevention, taking advan-
tage of the significant environmental data describing the

status of our atmosphere and ecosystems that are associated
with changing disease risk. This opportunity builds on ro-
bust research showing the numerous means through which
weather, climate, and ecosystem status affect infectious dis-
ease ecology [1, 2]. Research confirms that seasonality and
the geographic distribution of many infectious diseases are
associa ted wi th a tmospher ic condi t ions [3–6] .
Consequently, these conditions can be used to forecast,
weeks to months in advance, when and where outbreaks
are likely to occur [7–9] (Table 1). Research also shows
there can be complex interactions among weather and cli-
mate variables, and complex relationships with other factors
affecting disease outbreaks (e.g., global travel and trade,
population immunity) [10•] [11–13].

Effectively applying this knowledge requires methods
for the robust use of environmental information in
implementing intervention strategies and in policy forma-
tion. Critical elements to translate knowledge to applica-
tion include monitoring environmental conditions at scales
useful for implementation of interventions, conducting ro-
bust and timely surveillance, developing and deploying
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early warning and forecasting tools, timely sharing of the
information with public health professionals, and
performing continuous evaluation of this interconnected
system to maximize its efficiency and improve its efficacy.

Weather- and climate-driven forecasting and early warning
systems are increasingly important in the context of climate
and other environmental changes. Warming temperatures and
changes in precipitation patterns can alter a pathogen’s geo-
graphic range, seasonality, and intensity of transmission;
therefore, the need to understand and predict new patterns of
disease risk at various scales will become vital for better man-
aging future health challenges [1]. Loss of biodiversity, from
habitat fragmentation and other forms of environmental deg-
radation, is also correlated with increased disease frequency
[14]. Furthermore, the burden of emerging infectious diseases
increased in recent decades, with risk associated with socio-
economic, environmental, and ecological factors [15]. Given
these relationships and the rapid pace of global change, devel-
oping and improving early warning systems will be vital for
preparing for and reducing the health impacts.

Influence of Weather, Climate, and Other
Environmental Variables on Disease Ecology

Climate and other environmental variables impact multiple
aspects of pathogen ecology. Heavy precipitation can increase
the incidence of water- and food-borne diseases by washing
contaminants and pathogens into water used for drinking and/
or agriculture, particularly in situations where waste treatment
facilities are overwhelmed [6]. Temperature can accelerate
pathogen development and/or replication in the environment.
For example, the bacteria causing cholera, Vibrio cholerae, is
associated with warmer sea surface temperatures [16].
Meteorological conditions can affect vectors and pathogens.
Vector development, reproductive behaviors, and mortality
rates are often impacted by ambient temperature, as is the
extrinsic incubation period of some pathogens, such as the
arboviruses [17]. Furthermore, aquatic habitats required for
the immature stages of some vectors, like mosquitoes, depend

Table 1 Sample of published manuscripts about disease forecasting with information on the authors, the disease and location, and a brief summary of
the study

Author/year Disease/location Summary

Hii et al. 2012 [7] Dengue/Singapore Weather-based dengue forecasting model allowing 16-week advanced warning of dengue
epidemic with high sensitivity and specificity. Used a time-series Poisson multivariate
regression model using weekly mean temperature and cumulative rainfall over the
period 2000-2010.

Johansson et al. 2016 [8] Dengue/Mexico Performance evaluation of seasonal autoregression models with and without climate variable
for forecasting dengue incidence in Mexico. Short-term and seasonal autocorrection were
key for improving short and long-term forecasting. Climate data did not significantly improve
the predictive power. Seasonal autoregressive models captured dengue variability, but better
models are needed to improve dengue forecasting.

Semenza et al. 2016 [48] West Nile
virus/Europe

Risk of West Nile virus (WNV) transmission in Europe projected using a multivariate model and
applied AB1 climate scenario for 2025 and 2050. Predicative prevalence of WNV infections in
the blood donor population also estimated. Projections reveal higher probability of WNV
infection at edges of transmission zones for 2025, and further expansion by 2050, as well as
expanded prevalence in the blood donor population

Davis et al. 2017 [49] West Nile virus/USA
(South Dakota)

Use of a country-level logistic regression model to predict weekly probability of human
West Nile virus (WNV) cases as a function of temperature, precipitation, and index of
mosquito infection status. The model was applied in 2016 to make short-term (weekly)
and whole year (seasonal) forecasts. Model results were generally accurate, with an AUC
of 0.856 for short-term predictions.

Shaman et al. 2017 [50] Influenza/USA Humidity forcing was included in mathematical models describing influenza transmission and
retrospective forecasts for 95 cities across 10 seasons in the US were generated. Humidity
forcing improved forecast performance, and findings held for predictions of outbreak peak
intensity, peak timing, and incidence of 2-4-week horizons.

Pasetto et al. 2018 [51] Cholera/Haiti A rainfall-driven, spatially-explicit meta-community model of cholera transmission was coupled
to a data assimilation scheme for computing short-term projections of the epidemic in near
real-time. The model was used to forecast cholera incidence for the months after the passage of
Hurricane Matthew (October-December 2016) and to predict the impact of a planned oral
cholera vaccination campaign.

Merkord et al. 2017 [52] Malaria/Ethiopia Disease surveillance and environmental monitoring (including precipitation and temperature
data) were integrated in support of operational malaria forecasting and interface with public
health in the Amhara region of Ethiopia using the EPIDEMIA computer system and EASTWeb
software programme.
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on precipitation [17]. Rodent-borne pathogens, such as hanta-
viruses, are connected with climatic conditions through in-
creased food availability from wetter conditions that permit
larger rodent populations and increased contact between
humans and rodents [18]. Air-borne pathogens are sometimes
sensitive to humidity; patterns of specific humidity are consis-
tent with differences in the seasonality of influenza outbreaks
between tropical and temperate regions [19]. Soil-borne patho-
gens such as Coccidioides immitis, the soil fungus that causes
valley fever, are influenced by soil moisture for growth and
survival, and by wind for dispersion [20]. Similarly, meningitis
is closely tied to wind, rainfall, and humidity, and those envi-
ronmental parameters have been used to predict potential out-
breaks in sub-Saharan Africa [21]. The strengths of these rela-
tionships vary in time and space, highlighting the importance of
location-specific knowledge to inform decision making (exam-
ple for Vibrio discussed below). The use of environmental in-
formation to inform early action by policy and decision makers
is not unique to public health. The connection between climate
and weather drivers, drought and famine, are well established
and systems for predicting drought and famine are in place
(e.g., Fews.net and Drought.org); this predictive capacity and
experience can be harnessed to provide public health and
related decision makers a significant opportunity to both
optimize resources and reduce health burdens.

Surveillance and Screening

Passive surveillance systems are commonly used to detect
diseases that pose significant risks to human health. Once
detected, public health professionals and decision makers
evaluate and respond to the risk of an outbreak and implement
needed strategies to reduce epidemic potential. Unfortunately,
passive surveillance systems do not identify a threat until the
pathogen has reached a detectable threshold within the popu-
lation. The time between exposure and clinical disease is often
on the order of days, during which period the disease can
spread widely. Subclinical infections and misdiagnosed cases
make case detection even more challenging, and further delay
appropriate responses. Health system authorities and health
care personnel are informed about the cases through
established communication channels. Policy recommenda-
tions then flow back through these channels, taking additional
time. These delays can allow pathogen diffusion before effec-
tive interventions.

Screening is more sensitive to pathogen introduction but
with added time and economic costs. By systematically testing
for pathogens, it is possible to detect them regardless of clin-
ical manifestation, as long as the tests are reliable and are used
early and broadly enough in a potential outbreak. Active sur-
veillance presumes that the targets of surveillance are known
(so that emerging diseases are unlikely targets) and given the

costs of maintaining such systems, prioritization of targeted
pathogens need to be established. These, generally, are based
on the cost tradeoffs of the system establishment and activity
versus the costs of disease outbreaks and subsequent control
efforts. Understanding and forecasting changing risks can fa-
cilitate more targeted active surveillance by identifying (1) the
conditions required for transmission to occur (e.g., tempera-
ture thresholds) or (2) conditions that previously were associ-
ated with large epidemics.

Moving from Surveillance and Response
to Early Warning and Response Systems

Early warning systems are atmospheric/environmental moni-
toring systems that can identify or predict conditions that are
suitable for epidemics or disease emergence. Rapidly improv-
ing capacity to monitor and predict seasonal weather patterns
allows for increased confidence in predicting climate and
weather parameters that drive public health risks. Harnessing
this investment and moving from surveillance and response to
an early warning system as an approach to disease control can
reduce suffering, save lives, increase the effectiveness of in-
terventions, and efficiently use scarce public health resources.
Early warning systems for climate-sensitive infectious dis-
eases could reduce morbidity and mortality when combined
with other important factors such as travel and herd immunity.
These diseases are obvious targets because they are sensitive
to environmental factors (e.g., weather events and seasonality)
and importantly the methods for routine monitoring, often at
fine spatial scales, have been established. Equally important,
there are well-developed forecasting methods [22]. Figure 1
illustrates the advantages of early warning systems by com-
paring epidemic responses between the standard approach of
passive surveillance and response (top) with integrating an
early warning and response system (middle).

Building and using a climate-/weather-driven early warning
system to reduce outbreaks of infectious diseases requires data,
knowledge of ecological relationships in the disease system,
tools, and actions as illustrated in Fig. 1 (bottom) and provided
in an example using Vibrio (described later). Central to this
system is a forecasting tool (often based on a model of disease
processes) that evaluates the epidemic risk based on current
and/or future atmospheric conditions [23]. The form of the tool
will vary with regard to its model classification (e.g., empirical
vs mechanistic) and data drivers (e.g., current observations vs
forecasts). Lagged regression models are common forecasting
tools because they correlate previously/currently observed con-
ditions with later events and extrapolate when future outbreaks
are likely, providing an opportunity for proactive actions before
the first cases appear [24]. These models are relatively easy to
build but require location-specific data and may be affected by
spurious past correlations. Continued use and refinement of
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these models will improve their performance. Mechanistic
models are built using knowledge of the processes, actors,
and connections that comprise the transmission system.
Although less prone to spurious correlations than empirical
models, they can be sensitive to parameter values and incom-
plete knowledge of the system they are trying to simulate [25].
Further, because it is very rare to have data on the absence of a
disease or vector, they can be biased by past efforts at disease
control, for example. However, these models can be calibrated
using past data and reparametrized each time new data are
available. This allows the model to adapt to change and make
use of the newest available information. As forecasting models
are developed, tested, and operationalized, new methods and
best practices can be documented and incorporated to improve
performance.

Regardless of the forecasting tool, the quality and utility of
the climate/weather data are vital for generating useful results.
Location-specific observations can be obtained from weather
station recordings, remotely sensed satellite data, reanalysis
datasets, etc. Forecasts of conditions ranging from days to

months are often necessary to fully evaluate and prepare for
potential epidemic threats. The scales of such data range from
short-term weather predictions (1–10 days) to seasonal fore-
casts (1–6 months) to multi-decadal climate projections. The
characteristics and skill of these forecast types are important
when considering their use in an early warning system. Short-
term forecasts can be both specific and accurate within a 7-day
lead time before the signal-to-noise ratio degrades. This may
be an acceptable lead time for some systems, although it pro-
vides little time for preparation (e.g., training, awareness rais-
ing, initiation of preventative measures). Seasonal climate
forecasts provide a longer lead time for planning and imple-
mentation; however, they are less certain and broader in scale
compared to short-term forecasts. This is an area of active
research with the potential to greatly enhance risk assessment
(see North American Multi-Model Ensemble—NMME,
http://www.cpc.ncep.noaa.gov/products/NMME/). Although
important for long-term planning, climate change projections
are not on a scale compatible with responding to epidemics.
The appropriateness of any dataset for use in an early warning

Fig. 1 Theoretical epidemic curves representing no surveillance (pink
curve) vs passive surveillance (red curve) and response (top panel) and
integrating an early warning system (blue curve, middle panel), showing
the timeliness of surveillance, detection, and response. When only using
passive surveillance (top panel), the first cases are detected only after
enough transmission results in individuals showing symptoms, seeking
medical attention, and getting tested for the pathogen, and whose doctor
reports positive results. Additional time is then required to plan, organize,
and initialize a response. In the middle panel, forecasts of high-risk

conditions trigger an early warning alert that will initiate screening.
Through screening or active surveillance, an infected individual can be
detected much earlier and therefore the response also can be initialized
earlier, reducing the magnitude of the outbreak. During the screening or
active surveillance phase, it may also be possible to prepare for a response
in the event that a case is detected and therefore reduce the time between
detection and response. The steps and connections within an early
warning system are shown on the bottom
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system is interdependent on the risk forecasting tool, the path-
ogen, and the goals of the public health professionals and
decision makers. For example, because short-term forecasts
tend to be more accurate than long-term forecasts, they can
be very useful for heat early warning systems where prepara-
tion can be quick. Long-term forecasts, however, can facilitate
the planning and strategic decision making required for health
threats that require significant resources and/or fundamental
changes in operations.

Engaging DecisionMakers with Risk Forecasts
and Implementing Intervention Strategies

Developing skillful forecasts is insufficient to prevent disease
outbreaks; equally important are effective and timely interven-
tions developed in collaboration with health system decision
makers and personnel who will implement these interventions.
Just knowing that weather conditions can lead to adverse health
outcomes does not result in appropriate responses [26]. Key
stakeholders should be involved in early warning system de-
velopment to ensure the system fulfills their needs, is timely,
and accounts for the specifics of implementing intervention
strategies for the disease and region of interest. This involves
understanding what information is needed and at what spatial
scale for a useful forecast, specifying the criteria for activating
(and deactivating) the implementation plan, deciding which
measures will be implemented and when based on the forecast,
the responsibilities of the partners, including with respect to
communication and to whom information will be communicat-
ed, and how the system will be monitored and evaluated.

Forecasts of suitable conditions for a disease outbreak can
trigger screening in places where and times when diseases are
likely to emerge, and trigger preventive interventions such as
disease control programs and vaccinations, where vaccines are
available. Effective interventions, such as cleaning upmosquito
breeding sites and public education, could reduce exposure to
vectors and decrease the need for vaccination. Doing so would
both improve the effectiveness of the response and could in-
crease the effective use of scarce resources. This could be es-
pecially effective in areas on the margins of a pathogen’s range
where anomalies in climate can substantially alter risk. This
combination of early information and targeted use of resources
suggests that early warning systems are cost-effective ap-
proaches to manage the risks of emerging and re-emerging
diseases. The World Health Organization has integrated this
concept into its practice regarding Rift Valley Fever to facilitate
earlier delivery of vaccine and personnel in high-risk areas
thereby reducing the extent of the RVF outbreak [27].

Emerging infectious diseases (EID) are of public health
concern due to the unanticipated nature of their emergence
and impact [15]. Such events can strike unexpectedly and
have dire consequences for society at large by causing human

suffering, placing pressure on government resources, and
inflicting economic damage. Risk forecasts are desirable to
guide intervention strategies to accelerate the detection of
EID and response capacity and possibly even prevent EID.
Rather than detecting early cases of an outbreak, a more tac-
tical strategy is to examine climatic and environmental condi-
tions prior to an outbreak and then to intervene directly on the
determinants of the infectious disease. Some of these determi-
nants are more amenable to interventions than others. An ex-
ample of engaging decision makers with risk forecasts and
implementing intervention strategies involves the resurgence
of domestic malaria transmission in Greece.Malaria was elim-
inated in Greece in 1974, but in 2009 a cluster of locally
acquired Plasmodium vivax cases occurred among patients
without a travel history to malaria-endemic regions. To guide
malaria control efforts, areas suitable for malaria transmission
in Greece were delineated [28]. The climatic and environmen-
tal suitability of transmission was mapped. These risk maps
were delivered to the field investigation team and to the local
decision makers, to help guide intervention strategies. Based
on this risk forecast, other areas of Greece that were climati-
cally and environmentally suitable for potential transmission
were targeted for indoor residual spraying, aerial sprayings,
provision of long-lasting insecticide-treated nets, active case
detection, and mass drug administration. By engaging deci-
sion makers early in the process, subsequent malaria out-
breaks in high-risk areas were prevented and transmission
was interrupted in 2013 [29].

Evaluation and Refinement of Early Warning
Systems

Integral to refining an early warning system is learning
throughout the feedback loop between forecasting high-risk
conditions, engaging decision makers, and beginning screen-
ing and active surveillance. Continual evaluation of the early
warning system, through comparison of forecast results and
subsequent case observations and actions taken, is necessary
to determine its sensitivity and specificity, biases, utility, and
any changes to these metrics [8]. This information improves
each component of an early warning system. Skill scores at
different lead times can determine how forecast accuracy
changes to the point they are not helpful to decision makers.

A major challenge of evaluating forecasts is appropriately
taking into account that successful interventions can suggest
the forecast was inaccurate (e.g., although the forecast indicat-
ed where and when a disease outbreak was likely to occur, the
outbreak did not happen because of the success of the inter-
ventions). This will make it difficult to differentiate a success-
ful intervention from a false positive forecast. However, this is
a general concern for any public health intervention when
prevention rather than response to an ongoing crisis is the
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goal. One strategy is limited, upstream surveillance (such as
pathogen surveillance in arthropod vectors) in high-risk zones
as a monitoring tool that is performed as a crucial node in the
decision tree before further intervention.

Screening provides additional data to integrate into the
forecasting tool that can increase the robustness of lagged
regression models by training them on a greater number of
data points. This is especially important in locations with lim-
ited historical health data. For mechanistic models, it facili-
tates better parameterization and enables the model to adapt to
an epidemic as it progresses. Consequently, the early warning
system both dampens epidemics by accelerating response
strategies and improves our ability to understand environmen-
tally mediated risk by increasing data collection.

Implementing an early warning system does not increase
the risk of missing epidemics in situations where passive sur-
veillance continues. There is an economic cost to false posi-
tives, however, due to additional testing and other resource
preparations. Calculations of skill scores will give a measure
of the forecast utility by comparing its accuracy to the accu-
racy of a baseline forecast where epidemics are assumed to
follow the long-term mean. This provides a “value-added”
measure of the system.

Challenges and Limitations of Early Warning
Systems

The use of weather- and climate-based early warning systems
has the potential to fundamentally shift the paradigm from
surveillance and response to planning, preparing for, and ulti-
mately reducing health risks. Weather- and climate-based ear-
ly warning systems have demonstrated value and the potential
for much more use; however, disease forecasting and other
models for early warning systems also have many limitations
and challenges due in large part to both the complexity of the
system and data availability. As discussed earlier, empirically
based models require health data that may not be available.
Even when health data are available, their resolution, collec-
tion methods, and timeliness may not be compatible with the
modeling method. However, collaboration between forecast-
ing and surveillance efforts can ensure synergy and resolve
issues of incompatible data. Although data may be initially
scarce, the system will grow more robust as data are collected
over time and the forecasting system is refined.

A number of confounding factors can make it difficult to
isolate the impact of weather and climate on infectious dis-
eases. It is critical, therefore, to determine whether the goal is
to develop a disease prediction model for early warning, or to
develop an early warning system triggered by known environ-
mental and social parameters, or both. The underlying drivers
of emerging infectious diseases in Europe were identified,
differentiated, and ranked according to their importance [13].

Such a ranking of the relative contribution of key drivers can
help prioritize risk-based surveillance to forecast emergence
and spread of infectious diseases [23, 30]. In Europe, travel
and tourism, food and water quality, natural environment,
global trade, and climate were the top five drivers of all iden-
tified EID [13, 31]. In this analysis of drivers and determinants
of EID, travel and tourism was the most distinct and also the
most recurrent driver implicated in the emergence. Travel and
tourism can be analyzed to forecast the risk of dengue impor-
tation. By modeling air passenger volume from dengue-active
areas worldwide, the risk for importation can be predicted. An
analysis of passenger volume into Europe found the risk of
dengue importation to be greatest for Milan, Rome, and
Barcelona in August, September, and October, precisely when
the vector densities are the highest [32]. Thus, the model
quantifies the likelihood and timing of importation which
can be used to guide public health interventions. It informs
public health policy for infectious disease control and preven-
tion. With such risk forecasts, seasonal or sentinel surveillance
can be enhanced and tailored to certain regions and time pe-
riods. A number of other drivers and determinants also were
important contributors. For instance, evolving herd immunity
can amplify or dampen an epidemic. Fortunately, it is possible
to incorporate these other factors into forecasting systems.
Studies exploring connections between weather, climate, and
infectious disease often include socio-economic, demograph-
ic, and other variables into their analyses. A major challenge
will be refining the relationships between environmental and
human-mediated factors and infectious disease risk for indi-
vidual locations.

Once built, operationalizing forecasting and early warning
systems presents additional challenges. They require re-
sources that are often limited. For example, these countries
require disease surveillance and reporting systems, robust
public health systems that can use and respond to the warn-
ings, and expertise to continue developing and evaluating the
system. The weather and climate challenges are to ensure the
forecast tools and observations are spatially and temporally
useful to public health professionals, and to sustain operation-
al capacity for the forecasts, and the observational systems
that support them. Furthermore, once a forecast system is de-
veloped, protocols need to be established to determine how
and when to initiate active surveillance. This includes deter-
mining thresholds of risk, identifying who should be tested,
and what are the important intervention strategies.

And even if the forecast system was completely accurate
and timely, significant social, political, and institutional chal-
lenges to acting on the forecast information remain.
Challenges of developing effective response strategies are il-
lustrated by an example of the potential for early warning
systems to prevent or reduce disease outbreaks. Investigation
of an outbreak of hantavirus pulmonary syndrome in 1993–
1994 in the Four Corners Region of the U.S. identified
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climatic, spatial, temporal, and environmental patterns, in-
cluding increased precipitation associated with the 1991–
1992 El Niño, likely increased disease risk. There is evidence
that remotely sensed environmental data combined with El
Niño-driven weather conditions could be used to forecast re-
gions with higher levels of risk [18]. Extensive public educa-
tion followed this outbreak. Media coverage about a possible
increase in cases with the forecast of a strong El Niño in 1997–
1998 led to the expectation that the number of reported cases
would be limited because of increased awareness [33].
However, this El Niño resulted in a 5-fold increase in cases
in regions that received increased rainfall in 1998.

Example of an Operational Early Warning
System for Emerging Infectious Diseases:
the European Centre for Disease Prevention
and Control Vibrio Map Viewer

Vibrio spp. are aquatic bacteria, closely tied to environmental
drivers, and which exemplify how weather, climate, and eco-
system status can affect infectious diseases ecology. They are
marine bacteria that thrive in low-salinity water with elevated
sea surface temperature (SST). Some of these bacteria are
pathogenic to humans, including Vibrio cholera ,
V. parahaemolyticus, V. alginolyticus, and V. vulnificus
[34–36]. Only V. cholera is associated with large epidemics;
incidence of the others has increased over the years, in part
due to the warming of the oceans [37–40].

The Baltic Sea has increasingly become an ideal habitat for
these Vibrio species. As one of the largest brackish water
bodies in the world, the Baltic Sea is warming at a dispropor-
tionate rate due to its northern latitude. Moreover, the Baltic
Sea is projected to continue to warm, to decrease its salinity, to
have decreased sea ice extent, and to experience further ex-
pansion of oxygen depleted “dead zones.” These environmen-
tal changes are associated with recent outbreaks of Vibrio
infections in the countries surrounding the Baltic Sea.
Elevated SST during the summer months in 1994, 2003,
2006, 2010, and 2014 across much of the Baltic Sea was
associated with reported Vibrio-associated illness [41–45].

Bymonitoring these environmental conditions in the Baltic
Sea, an early warning system for public health can forecast the
emergence of infectious diseases [9, 46]. A quasi-real-time,
web-based platform, the European Centre for Disease
Prevention and Control (ECDC) Vibrio Map Viewer (https://
e3geoportal.ecdc.europa.eu/SitePages/Vibrio%20Map%
20Viewer.aspx), was developed by the ECDC to monitor
environmentally suitable marine areas for growth of
pathogenic Vibrio ssp. [47••]. The ECDC Vibrio Map
Viewer can detect environmental changes in marine
environments around the world that are of public health
importance. It uses a real-time model, based on daily updated

remotely sensed SST and sea surface salinity (SSS) of coastal
waters as inputs to map areas of high suitability for pathogenic
Vibrio spp., demarcating coastal regions with suitable environ-
mental conditions for infections in humans. The ECDC Vibrio
Map Viewer provides a 5-day forecasting function that serves
as an early warning system for Vibrio infections in the Baltic
Sea. During a heat wave in 2014, suitable climatic (SST >
18C) and environmental (SSS > 26 practical salinity units)
conditions were detected by the ECDC Vibrio Map Viewer
in the Baltic Sea. Subsequently, an increase in vibriosis cases
was detected in Sweden that were epidemiologically linked to
the increase in SST [47••]. Similarly, in July 2018, the model
showed a significant increase of the geographic extent of areas
suitable for vibriosis in the Baltic Sea. The signal was linked
to high temperature and drought conditions in several
countries around the Baltic Sea. As vibriosis is not a
communicable disease at the EU level, an alert was sent to
the ECDC national focal points for food- and water-borne
diseases and zoonoses in the countries around the Baltic Sea.
At the end of the summer season, the number of vibriosis
cases will be tabulated to assess if there was a temperature-
related increase.

During the transmission season, ECDC uses the Vibrio
Map Viewer forecasting function to monitor environmental
conditions on a weekly basis and the findings are published
in its Communicable Disease Threat Reports (CDTR) that is
sent to public health decision makers in Europe. It provides
options for action: public beach access can be temporarily
restricted for public safety purposes; alerts can be disseminat-
ed when the environmental suitability of Vibrio infections is
predicted; or warnings can be posted to notify health care
providers and at-risk populations, such as the immune-
suppressed.

Conclusions

Implementation of early warning systems using our knowl-
edge of the relationships between infectious disease and envi-
ronmental conditions can facilitate earlier detection and re-
sponse to potential pathogen threats, and consequently reduce
the burden of infectious diseases in human populations and
associated costs. As changes in climate alter patterns of infec-
tious disease and other health risks, early warning systems will
be essential for mitigating the impacts on human populations.
Building, employing, and maintaining these systems require
collaboration between researchers and professionals in a di-
verse array of fields. Early warning systems for diseases like
Vibrio cholera and related species, Rift Valley Fever, and den-
gue fever are in use, but they are in use in very specific re-
gions, not fully utilized globally and much of the potential of
these systems for other infectious diseases remains unexplored
in both research and operational contexts, but the social and

436 Curr Envir Health Rpt (2018) 5:430–438

https://e3geoportal.ecdc.europa.eu/SitePages/Vibrio%20Map%20Viewer.aspx
https://e3geoportal.ecdc.europa.eu/SitePages/Vibrio%20Map%20Viewer.aspx
https://e3geoportal.ecdc.europa.eu/SitePages/Vibrio%20Map%20Viewer.aspx
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000


economic value of so doing is vast. The use of improved
weather and climate forecasts and more advanced modeling
techniques combined with increased collaborations between
researchers and public health professionals can initialize a
paradigm shift that moves away from lagged responses to
disease threats and towards active, targeted strategies to pre-
dict and prevent epidemics before they start.
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