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Abstract 

A scoping review and thematic synthesis are utilised to examine the contribution of infectious disease 

early warning systems (IDEWS) to climate change resilience, given the current dearth of critical 

evaluations. Three databases and relevant websites were searched, leaving 45 included references. 

Most systems were implemented in Africa or the Americas to predict outbreaks of malaria or dengue. 

IDEWS precipitated investment in institutions, data systems, and capacity building that strengthen 

climate resilience, 
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Abbreviations 

  

EPIDEMIA Epidemic Prognosis Incorporating Disease and Environmental 

Monitoring for Integrated Assessment 

ESA Eastern and Southern Africa 

EWARS Early Warning and Response System 

EWS Early Warning System 

FAO Food and Agriculture Organization 

FEWS NET Famine Early Warning Systems Network 

IDEWS Infectious Disease Early Warning System 

MSF Médecins Sans Frontières 

NASA National Aeronautics and Space Administration 

NOAA National Oceanic and Atmospheric Administration 

RVF Rift Valley Fever 

UK United Kingdom 

UNDP United Nations Development Programme 

UNFCCC United Nations Framework Convention on Climate Change 

UNISDR United Nations International Strategy for Disaster Reduction 

USAID United States Agency for International Development 

US United States 

WHO World Health Organization 

WMO World Meteorological Organization 
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criticisms, Biddle et al. suggest that resilience discourse in global health has evolved 
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2.3 IDEWS for building health system resilience 

Despite being recommended by WHO as a complement to malaria surveillance systems as early as 

2001, IDEWS are less established than those for events more typically considered natural disasters 

because few research projects were translated into operationalisable systems during this period.9,36 

IDEWS were later reframed as tools for a broader range of diseases and environmental data were 

increasingly incorporated into models when WHO highlighted fourteen candidate diseases for IDEWS 

that had an empirical link between climate and epidemic.5 This was reinforced in 2015 when IDEWS 

were incorporated into the WHO’s framework for climate resilient health systems, 

inmo�
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Figure 1: Flow chart summarising included literature. 

 

 

4.2 Where and for which diseases have IDEWS been implemented? 

The 45 included references spanned the last 20 years from 2003-2023: 38 described uses of IDEWS 

in one or more national contexts and eight discussed implementations in global regions (one described 

both). Implementation was noted in 28 countries, predominantly Ethiopia and Kenya (both, n=4); Brazil, 

Botswana, Colombia, Madagascar, Mexico, Solomon Islands, and Vietnam (all n=3) (Figure 2). 

Consequently, implementation was predominantly in Africa (n=22/38 (58%)), the Americas (n=12 (32%)) 

and the Western Pacific (n=11 (29%)). Only five references described systems in Southeast Asia and 

only two were noted 
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Surveillance data was generally from the Ministry of Health/ relevant disease control p
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epidemic.45 Several other references reported instances where IDEWS had prompted an effective 

response. In Mexico, a dengue IDEWS- called EWARS- has been integrated into the national 

surveillance system since 2018, with districts that respond to alarms shown to experience fewer 

outbreaks.62,68 Implementers of the same system from Brazil and Malaysia concur that the tool is useful 

for dengue control.69 IDEWS also provided early warning in time to mitigate epidemics of dengue in 

Singapore and malaria in Madagascar; while i
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possible for some systems like EWARS.67,84,87 IDEWS projects sometimes had to make compromises 

as a result. In South Sudan, MSF adopted an alternative model that required only eight weeks of 

previous data, although other models are potentially more accurate.11,86 Other projects had to abandon 

live integration with clinical data altogether.71 The establishment of a reliable health surveillance system 

is therefore a necessary first step when implementing IDEWS in Southern contexts or lacking data 

quality and timeliness could be a barrier for implementation and scale-up.66 IDEWS deployment could 

attract investment for strengthening surveillance systems. 

References highlighted the need of capacity building to facilitate the use of diverse input data types. 

While this was previously noted in the literature within the context of malaria IDEWS in Africa, this was 

noted across regions and income groups.8 Expertise in the relationship between climate change and 

health, meteorology, data analysis, statistical modelling, risk communication and epidemic response 

were all highlighted to be lacking but necessary for IDEWS operation. For example, in 2003, a national 

malaria IDEWS in Sudan did not warn of several small epidemics because managers failed to analyse 

data closely.88 Although capacity building was often part of initial project phases, this was stressed to 

be an ongoing need by implementers in Brazil, Cambodia Ethiopia, Kenya, and Laos, especially 

because of high staff turnover in health systems.60,66,69,70 

oo耀thern 鐀exhert 蘀knoꁄg_dꁅe and aet mation� wur
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routinely held village meetings prior to the typical malaria season, and with district health authorities 

when necessary. M
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5. Synthesis and Conclusion 

This scoping review provides the first timely synthesis of IDEWS implementation in the Global South 

and a critical discussion of these increasingly recommended- and aspired to- systems for building health 

system resilience.  

IDEWS implementation was identified to have occurred in some capacity in 28 countries, although many 

were in the early stages or research projects. The skew of IDEWS towards malaria and the African 

region reflects the initial promotion of early warning systems as part of the WHO Global Malaria 

Programme.9 Notably, this paper identified few references in Southeast Asia or the Eastern 

Mediterranean despite a predicted increase in dengue transmission in the former and the potential re-

emergence of malaria in areas where it is currently eradicated, 
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Zimbabwe.36,61,103 Furthermore, because IDEWS are understood narrowly as scientific systems, 

deployment generally strengthened the ability of health systems to utilise forms of knowledge conceived 

of as scientifically valuable, resulting in a neglect of indigenous knowledge and socioeconomic variables 

in IDEWS systems. Conflicting with the suggestion of Biddle et al. that resilience discourse in global 

health has shifted to be more holistic, this instead reflects the narrow, scientific way that vulnerability is 

conceived of when deploying IDEWS and reflects criticisms of resilience discourses as overly scientific 

and deceptively apolitical.24,27 

IDEWS strengthened health system ability to contend with climate change associated disease 

outbreaks as systems were used in several instances to deploy effective responses to predicted 

epidemics.  However, in contrast to the suggestion by critics that resilience discourse skews resources 

towards emergency periods, IDEWS did not appear to attract significant additional resources for 

outbreak response�嘀ystems
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communities and climate-vulnerable groups despite their suggested role in responses to IDEWS alerts. 

Building community trust in IDEWS is especially important for effective responses since communities 

must buy-in to the prediction to respond. Furthermore, given IDEWS’ neglect of indigenous indicators 

there could be a mismatch between the indicators of epidemic risk incorporated into IDEWS and those 
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projects, summarise system deployment, and critically examine IDEWS’ contribution to resilience. This 

was also the most feasible approach given the lacking availability of varied research approaches and 

detailed information on individual cases of IDEWS deployment. The conclusions of this report are also 

impacted by biases intrinsic to the method, as discussed previously. For instance, the limitation of the 

search to English could contribute to the lack of literature identified from China and the few studies 

identified from francophone West Africa, while searching regional databases could have assisted in 

identifying more references from Southeast Asia and the Eastern Mediterranean. Furthermore, the 

focus of the search strategy on WHO climate-sensitive diseases could contribute to the lack of literature 

on IDEWS for zika and other such diseases with a recently demonstrated climate link. 

Despite these limitations, this review offers novel insight into how IDEWS have been implemented in 

the Global South. To better protect vulnerable populations from climate change, IDEWS implementation 

could learn from the bottom-up approaches more established in spheres like disaster risk reduction. 

However, not only were IDEWS demonstrated to prompt effective proactive responses to climate-

sensitive infectious diseases in the Global South, but they �S�U
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7. Annexes 
 

7.1 Annex 1: Search strategy for Embase. 

# Query 
Results 
from 9 Jun 
2023 

1 exp Climate Change/ or exp Greenhouse Effect/ 70,775 

2 
(climat* or environment* or el nino or la nina or ENSO or meteorolog* or biolog* or weather or precipitation or heat or 
temperature or rain* or atmospher*).ti,ab. 

4,122,576 

3 1 or 2 4,136,567 

4 
exp Population Surveillance/ or exp Disease Outbreaks/ or (transmi* or infect* or epidemic or outbreak or prevent* or 
control*).ti,ab. 

10,192,086 

5 3 and 4 1,211,310 

6 (Early warning* or EWS or alert or alarm or MEWS or HEWS or DEWS or EWARS).ti,ab. 79,492 

7 
(vector-borne or water-
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burden countr* or high burden nation* or countdown countr* or countdown nation* or poor countr* or poor nation* or poor 
population* or poor world or poorer countr* or poorer nation* or poorer population* or poorer world or developing 
econom* or less developed econom* or underdeveloped econom* or under developed econom* or middle income 
econom* or low income econom* or lower income econom* or low gdp or low gnp or low gross domestic or low gross 
national or lower gdp or lower gnp or lower gross domestic or lower gross national or lmic or lmics or third world or lami 
countr* or transitional countr* or emerging econom* or emerging nation*).ti,ab. 

10 5 and 6 and 7 and 8 and 9 396 

11 limit 10 to yr="2005 -Current" 378 

12 limit 11 to english language 369 

13 12 not (covid-19 or coronavirus).ti,ab. 362 

 

7.2 Annex 2: Inclusion and exclusion criteria  

Inclusion criteria Exclusion criteria  

Features a climate sensitive IDEWS for 
public health use. 

Does not feature IDEWS that incorporates an 
environmental/meteorological/climate variable in the 
prediction. IDEWS for use in clinical settings were not 
eligible. 

Target a WHO CSD (Table 1). Non-communicable, emerging/zoonotic, and mental 
health diseases alongside EWS for natural disasters 
were not included. 
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7.4 Annex 4: Summary table 

Country Climate-
sensitive 
infectious 
disease 

Name of 
IDEWS, project 
dates, level of 
implementation 

Prediction data types 
and sources 

How is an alert generated and 
communicated, to whom 

Description of response 
and/or outcome 

Implementation partners and 
donor 

Reference 
number  

WHO African Region 
Botswana Malaria NA Climate and weather 

predictions from the 
Southern African Regional 
Climate Outlook forum. 

Made available through National 
Meteorological and Hydrological 
Services websites.  

In 2006, malaria incidence levels 
were maintained at levels far 
below those in previous years, 
partially attributable to this new 
strategy. 

WHO Global Malaria Programme in 
partnership withip2bp.m the 
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The system was 
launched by the 
Kenya 
Meteorological 
Department in 
2011 to cover 
three counties- 
Kericho, Kisii and 
Kakamega- in the 
Western Kenyan 
highlands. 

Malara surveillance data 
from national health 
information system. 
Meteorological data from 
Kericho, Kisii and Kakamega 
stations and transmitted to 
Kenya Meterological data 
center in Nairobi. 
Entomological data  
From the Ecology of African 
Highland Malaria project 
database.  

Alerts generated based on surpassing a 
threshold outbreak probability. Different 
thresholds necessary for different 
states: Kakamega model (30%), Kisii 
and Kericho/Nandi (20%).  
Meteorologists communicate the results 
at the end of every month for 
assessment by malaria control division 
of the Ministry of Health. 
 

Used to mobilize extra drugs, 
diagnostic supplies are 
restocked. Extra supply of ITNs.  
 
 

Lead by the Kenya Meteorological 
Department and the MoH, in 
collaboration with the WHO Country 
Office, Kenya Medical Research 
Institute, National Institute for Medical 
Research (Tanzania), MoH (Uganda), 
and the International Centre for Insect 
Physiology and Ecology. Funded by 
NIH, IDRC, FCDO. 

94 

The Highland 
Malaria Project 
(HIMAL) tested 
predictive early 
warning systems 
in the East African 
highlands 

Rainfall data. NA District health management 
teams need to provide evidence 
for exceptional seasonal 
epidemics to mobilise resources. 

Division of Malaria Control with 
UNICEF  

72 

Malaria and 
diarrhoeal 
diseases. 

Implementation in 
Nyando Province.  

Data from national 
meteorological services was 
used to provide seasonal 
and short-term climate 
predictions – “climate-based 
disease anticipation”. 

 Educational materials that also 
utilised indigenous early warning 
signs were used for community 
mobilisation. Establishment of 
health contingency plans for 
outbreak occurrence. Pre-peak 
season activities included 
strengthening flood gates, 
cleaning water channels, de-
silting rivers, stockpiling water 
purifiers, treating drinking water, 
cleaning mosquito breeding 
grounds, disposing of waste, 
fortifying latrines and homes, 
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app with local data on tsetse 
fly and trypanosomiasis 
distribution. 

Malaria and 
diarrhoeal 
disease 

Pilot sites were in 
the coastal Tanga 
province.  

Data from national 
meteorological services was 
used to provide seasonal 
and short-term climate 
predictions as part of 
climate-based disease 
anticipation”.  

 Educational materials and health 
contingency plans were designed 
for outbreak response. Cleaning 
of the local environment, 
distributing treated bed nets and 
water purifiers alongside 
sanitation campaigns were key 
activities before the beginning of 
the rainy season.  
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has national 
coverage of 553 
microregions. 

control measures such as house-
to-house visits to destroy 
potential mosquito breeding sites. 
campaigns to inform and educate 
local communities in higher risk 
areas to reduce breeding sites 
and protect themselves. 
International warnings facilitated 
by publication in international 
press and through foreign health 
authorities. 

EWARS-R was 
tested from 
December 2016-
February 2017 in 
ten districts. 

Meteorological data (outdoor 
mean air temperature, 
outdoor mean humidity, total 
rainfall); epidemiological 
data (mean age of 
hospitalized cases, 
serotypes, probable and lab 
confirmed and hospitalized 
dengue cases); 
entomological data. 

Threshold based system
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Puerto Libertador, 
San Jose del 
Guaviare, 
Buenaventura). 

experiments; climate data 
(temperature, precipitation 
and ENSO) from the 
Colombian Institute of 
Hydrology, Meteorology and 
Environmental studies. The 
system will integrate with 
national surveillance 
systems. 

groups in high malaria season, 
effective case management. 

Dengue, 
Chikunguny
a, Zika 

EWARS (WHO-
TDR) tool for 
dengue is piloted 
for dengue in 
Colombia in the 
city of Cucuta, this 
paper tests its 
applicability to 
Zika and 
Chikungunya. 

Epidemiological, 
meteorological, and 
entomological data from 
national epidemiological 
surveillance systems and 
meteorological institutes.  
 

Alarms are triggered when the outbreak 
probability surpasses a user defined 
threshold.  

A response plan is recommended 
using the online system 
depending on the lag time. 
Response plan is staged. 

 68 

Mexico Dengue WHO-TDR 
EWARS was 
implemented in 
2015-2017 in 20 
health districts
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Bhutan Climate 
sensitive 
diseases 
with initial 
focus on 
diarrhoeal 
diseases 

Bhutan has 
adopted a 6-point 
plan to 
implementing an 
early warning 
system; validation 
of the pilot model 
for diarrhoeal 
diseases is 
ongoing in six 
basic health units 
in a high-risk 
riverine area. 

Disease surveillance data; 
meteorological data (daily 
and monthly rainfall, 
temperature, humidity); 
monthly entomological data 
from vector surveillance. 
The EWS is suggested to be 
integrated with the national 
surveillance system.  

Alerts are generated based on the 
calculation of a health risk index- 
predicted number of cases over the 
average number of cases. Once the 
threshold value has been surpassed an 
alert is issued. 

Health professionals will be 
encouraged to prepare response 
plans. 

The Department of Public Health of 
the MoH led the project, with the 
Environmental Health Programme 
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Cambodia Dengue, 
Chikunguny
a 

IDEWS 
implementation is 
part of the 
‘Building resilience 
of health systems 
in Asian LDCs to 
climate change’ 
project which 
began in 2019. 

NA NA Responses are determined by a 
rapid response plan 

Implemented by the Ministry of Health 
with WHO and UNDP, funded by the 
Global Environmental Facility 

89 

Fiji Climate- 
sensitive 
diseases 
(initial focus 
on 
diarrhoeal 
disease)  

Pilot communities 
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Meteorological Services 
Singapore, Department of 
Statistics, 

The 
Solomon 
Islands 

Malaria Piloted the 
MalaClim model in 
September 2014 
in the region of 
Northern 
Guadalcanal. 
Officially launched 
in 2015 after 
successful pilot, 
with expansion to 
cover Guadalcanal 
and Central 
Provinces. 
 

OND rainfall provided by the 
Solomon Islands 
Meteorological Service. 
Rainfall gauges are being 
installed at EWS locations. 

The warning system is based on three 
categories of alert levels based on level 
of rainfall– below normal, normal, and 
above normal- which aligns with the 
methodology used by local 
meteorological services. Monthly 
outlooks are communicated throughout 
the malaria season.
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For the 2006-2007 epidemic over East 
Africa, forecasts were published online 
in December 2006.  

animal and human cases). After 
confirmation, Kenyan MoH 
initiated a social mobilization 
campaign, vector control 
measures, a ban on animal 
slaughtering, animal movement 
controlled and quarantining, as 
well as a mass cattle vaccination 
campaign.   

West 
Africa 

Meningitis   
 

The system uses expert 
reanalysis of atmospheric 
conditions - temperature, 
relative humidity- provided 
by the National Center for 
Environmental Predictions 
and dust projections are 
from the Barcelona 
Supercomputer Centre. Sub-
seasonal forecasts are from 
the European Centre for 
Medium-Range Weather 
Forecasts (ECMWF). 

ACMAD produces the forecast with a 
two-week lead time. WHO defined two 
thresholds to monitor meningitis 
outbreaks: alert threshold when three 
suspected meningitis cases are 
reported in a week for every 100,000 
inhabitants in an area. An epidemic 
threshold when then suspected cases 
of meningitis are reported in a  week for 
every 100,000 inhabitants in a given 
areas. WHO defines four vigilance 
levels for countries (red, orange, yellow 
and white) - red means that meningitis 
outbreaks are expected.  

WHO Afro coordinates 
prevention, preparedness, and 
response in countries of the 
meningitis belt. EWS is checked 
every Monday during the 
meningitis season and  
WHO staff share a bulletin with 
technical partners and national 
health authorities. WHO Afro 
organizes fortnightly coordination 
meetings to follow up on 
epidemiological situations in 
countries. When a red vigilance 
level is associated with reported 
meningitis cases, local health 
services submit a request to 
MenAfriNet to provide high quality 
case-based surveillance. Local 
health services transportation of 
samples and vaccine doses, 
manage available supports to 
improve performance and 
reinforce the surveillance system 
for upcoming weeks. A request is 
submitt
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moisture data from NASA's 
Global Land Data 
Assimilation System, Human 
Population density data from 
NASA's socioeconomic data 
and applications center. 
Chikungunya vector 
distributions from the Walter 
Reed Biosystematics Unit 
VectorMap. Ground-based 
surveillance from ProMED 
 




