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Rift Valley fever (RVF) is an arboviral disease affecting humans and livestock 
transmitted by mosquitoes. It is endemic to large areas of Africa, resulting 
in widespread abortion and neonatal mortality in livestock, and severe 
complications in a small but significant percentage of human cases. The range 
of RVF is largely determined by the distribution of suitable vector habitat 
and rainfall, which changes over time and as a result of climate change. In 
addition to which, the movement of animals and animal products for trade 
may lead to the spread of RVF to previously non-infected areas.

This RVF Action Framework is intended to provide decision makers with 
guidance on the best course of action to take in response to an RVF outbreak 
or the risk of an outbreak, and help them develop a national action plan 
for this response. A coordinated One Health approach that brings together 
the public, animal and environmental health sectors is recommended, as is a 
risk-based approach that uses risk assessment and mapping to determine the 
appropriate measures to be taken and the locations where they are required. 
A country’s RVF response can be best broken down into the four phases of 
the epidemiological cycle: the inter-epidemic, pre-epidemic, epidemic and 
post-epidemic periods. Surveillance, risk assessment and capacity building, 
for instance, are key during the inter-epidemic period, while the focus during 
the post-epidemic period shifts to mitigating the disease’s impact.
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Executive summary

Rift Valley fever (RVF) is an arboviral disease of mammals, including livestock, wildlife and 
people, transmitted by eight genera of mosquitoes, primarily by members of the Aedes and 
Culex genera. RVF frequently occurs in epidemics, often in five- to 15-year intervals, causing 
widespread abortion and neonatal mortality in sheep, goats and cattle. During epidemics, 
mild infection in people is common, with severe complications in a small but significant 
percentage of cases.

Endemic infection occurs widely in Africa, and in the Jizan border area between Saudi 
Arabia and Yemen. Endemic infection is characterized by periods of cryptic virus circulation 
in mammals and transovarial transmission in Aedes mosquitoes. Explosive epidemics may 
occur in endemic countries following periods of abnormal rainfall and are the direct impact 
of the disease. Although not all infected countries have detected epidemics, over the years 
the range of RVF epidemics has significantly expanded.

RVF is an excellent example of a One Health challenge that is best addressed as a 
veterinary public health threat (and an occupational hazard), and which requires a better 
understanding of the environment in which the disease may occur or spread. A transdisci-
plinary approach, which brings together diverse expertise to produce a single, coordinated 
institutional plan, is therefore needed. This Action Framework advocates for multi-partner, 
transdisciplinary and multisectoral approaches, using risk assessment and mapping tools, 
action planning, and coordinated risk-based surveillance and response.

The range of RVF is largely determined by the distribution of suitable vector habitat 
and rainfall. Transovarial transmission has been demonstrated in Aedes mosquitoes, and 
Rift Valley fever virus (RVFV) is believed to be capable of persisting for years in dormant 
Aedes mosquito eggs during dry periods. As a result, it is not possible to eradicate RVF 
from an endemically infected area using current technologies. The complete prevention of 
epidemics would require high levels of herd immunity in multiple species to be maintained 
indefinitely. This may be possible, but would require costly and open-ended control mea-
sures. As a result, the focus of action for most countries is on predicting, preventing and 
mitigating outbreaks using risk-based approaches.

Risk-based approaches recognize that the likelihood of adverse events varies over time. 
Surveillance, prevention and mitigation measures directed at these areas and times of high 
risk are more likely to be successful and have greater effect.

Epidemiological and climatic forces shape the patterns of RVF and determine the appro-
priate approaches for risk mitigation of the disease in Africa. A risk assessment that includes 
consideration of hydrology, climate and soils; viral presence and previous transmission 
patterns, or the means of introduction and diffusion of the disease; transport networks; 
the density of ruminants; vaccination patterns; and vectors is the tool recommended for 
systematically defining future patterns of disease. 
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Vaccination strategies and plans should be developed and the necessary vaccines sourced 
during the inter-epidemic period. The procurement and prepositioning of vaccine stocks 
takes three to four months, and is therefore difficult to achieve in the short time between 
forecasts indicating risk or RVF alerts and the onset of an outbreak.

This Framework provides guidance on how to build capacity over the medium term 
for implementing more effective risk-based surveillance and responses to RVF. This can be 
best achieved through an overall One Health multisectoral coordination mechanism (MCM) 
and planning process. Technical information on epidemiological patterns, early warning 
systems and intervention tools will undoubtedly evolve over the life of the Framework, and 
the intent is to avoid prescriptions that will become rapidly dated. Outbreaks of disease 
are explosive in nature; procedures, trained personnel and resources must therefore be 
established before risk forecasts and outbreak alerts are received. The Framework is not an 
action plan in itself, but rather a tool to help countries formulate multi-year action plans 
aimed at building their capacity for managing RVF risk.
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Purpose and approach

The purpose of this One Health Action Framework is to provide risk-based guidance on 
appropriate preparations, risk monitoring and responses aimed at mitigating the impact 
of RVF on national economies and human health. Actions are recommended based on a 
country’s epidemiological status and the epidemiological stage in the cycle of outbreaks in 
infected countries.

This manual is not intended as an exhaustive review of the technical information on 
RVF or the literature on this topic. It is intended as an action guide for decision-making, 
and for managers and One Health professionals responsible for planning and implementing 
RVF interventions. The aim is to present a clear framework for the formulation of national 
risk-based action plans.
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The challenge

RIFT VALLEY FEVER
Rift Valley fever was first diagnosed in the Rift Valley in Kenya in 1931. It is caused by 
RVFV, an Ribonucleic acid (RNA) virus and member of the Phlebovirus genus. It is an 
arboviral disease that has been isolated from eight genera of mosquitos from the family 
Culicidae: Aedes, Anopheles, Conquillettidia, Culex, Culiseta, Eretmepodites, Mansonia 
and Ochlerotatus (Bouloy, 2001; Rolin, Berrang-Ford and Kulkarni, 2013; Tantely, Boyer 
and Fontenille, 2015; Linthicum, Britch and Anyamba, 2016). In addition to these, Sang 
et al., (2017) has reported a ninth genus: Aedeomyia. Vertical transmission in Aedes spp. 
plays a key role in the persistence of infection in endemic areas. Rift Valley fever disease 
is generally an acute infection with viremia rarely lasting more than seven days. In live-
stock, it infects the liver and leads to widespread abortions and neonatal death. Infection 
in humans is common and characterized by a passing fever associated with head and 
eye pain. In less than one percent of human cases, the disease can lead to uncontrolled 
bleeding and death or blindness. Outbreaks are associated with unusual rainfall patterns 
or changes to local hydrology, such as the creation of dams and irrigation systems, and 
often explode rapidly across suitable landscapes, first affecting livestock and then humans, 
with significant economic consequences resulting from direct losses, the closure of mar-
kets and trade disruption.

GLOBAL EPIDEMIOLOGICAL SITUATION
Since it was first described in Kenya, RVF disease or infection has been identified across 
sub-Saharan Africa, wide areas of southern Africa, and in Madagascar, Egypt and the Jizan 
border area of Saudi Arabia and Yemen. The global extent of infection and history of out-
breaks is presented in Figure 1. The global distribution and epidemiology of RVF is expect-
ed to change in the coming years, especially in the face of climate change, and decision 
makers should keep abreast of developments. Endemic infection is maintained by periods 
of limited, local virus circulation in mammals, and transovarial transmission in Aedes mos-
quitoes, whose infected eggs can lie dormant in dry breeding sites for years.

Explosive epidemics may occur in endemic countries following periods of abnormal 
rainfall or the construction of dams and irrigation systems. These outbreaks are caused 
by the hatching of infected Aedes mosquitos, leading to an initial round of amplification 
in livestock. Elevated soil humidity during relatively warm periods encourages hatching, a 
greater frequency of mosquito feeding (transmission) and egg production, and shortens 
the reproductive cycle of the vectors. If rains persist or environmental conditions that 
encourage mosquitos breeding are maintained over a longer period, additional waves of 
mosquitos, predominately Culex spp., result in the sudden onset of large epidemics. In a 
given location, the time from the first index case to the peak of the epidemic is measured 
in weeks, and the majority of the susceptible population may be affected in the brief 
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animal slaughter and value chains seeks to avoid closures and disruptions while assuring the 
safety of the workers, consumers and livestock products in these value chains.

During the same outbreak, red meat consumption collapsed across the country and 
the consumption of poultry products increased. Butchers’ sales fell 95 percent, and around  
28 percent of the butchers in Thika went bankrupt as they exhausted their savings and 
were unable to resume their enterprise (Rich and Wanyoike, 2010). The collapse in meat 
demand was a negative effect of poor risk communication, leading to panic. The lowering 
of the pH in aged meat inactivates the virus, and commercial meat procured from sites 
outside the outbreak area is not considered a significant risk for transmission. Most people 
are infected by direct contact with sick livestock at the outbreak site. This illustrates the 
importance and impact that risk communication can have.

Historically, RVF has been a major impediment to trade. Saudi Arabia implemented a 
ban on the importation of livestock from the Horn of Africa that lasted some six years as 
a result of the outbreak in Jizan in 2000. However, the Arabian Peninsula’s environment 
supported suitable vectors and the disease remained endemic after 2000. The ban was 
continued during low-risk inter-epidemic periods, with serious economic consequences for 
exporting countries. The OIE has since revised the categories of national disease status for 
RVF to reflect the epidemiology of the disease, and this has helped to mitigate the negative 
impact on trade. As is described later in this document, developing a national RVF action 
framework is an additional measure that countries can take to build trading partners’ con-
fidence and mitigate the impact of RVF on trade.

CLIMATE CHANGE
The most recent reports on climate change indicate that the rate of change is greater than 
previously projected (IPCC, 2018). The effects of climate change on the epidemiology of 
RVF will be twofold: the direct impact of changing habitats (humidity and soil tempera-
tures) on vector distribution and ecology will change risk profiles both geographically and 
across seasons and years, while there will also be an impact resulting from human respons-
es to climate change (Ogden, 2017). Land use patterns will change as production activities 
adapt to new environmental conditions. Moreover, climate change results in human migra-
tion, which has significant effects on the epidemiology of disease (McMichael, C., 2015; 
Schwerdtle, Bowen and McMichael, 2017) and conflict (Bowles, Butler and Morisetti, 2015; 
Burrows and Kinney, 2016).

Temperature changes are predicted to be more severe in temperate regions than in trop-
ical areas. Temperate regions are currently free of RVF, but the risk of spread is increasing. 
The spread of bluetongue through much of Europe is a prime example of the impact of 
climate change on arbovirus disease distribution (McMichael, A.J., 2015).

As climates are dynamic, the time at which modelling, early warning and risk assess-
ment systems were developed should be taken into account. RVF risk will change over time, 
and ground truthing of vector distributions, predictive models and risk assessment will need 
to be constant features of RVF management. Environmental monitoring and field validation 
are an important component of RVF surveillance and applied research.
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ONE HEALTH 
The One Health transdisciplinary approach seeks to bring the human, animal and environ-
mental sectors together in order to improve health and well-being and achieve a greater 
impact and better use of resources than could be achieved by each sector working sep-
arately. Rift Valley fever is an excellent example of a disease that is best addressed by a 
comprehensive One Health approach. As a vector-borne disease, the distribution of RVF is 
determined by environmental factors that create suitable habitats for the survival of Aedes 
mosquitoes, including their spread into new areas. Human outbreaks follow livestock 
outbreaks, and human infections primarily result from exposure to sick livestock or their 
tissues. Control of human infection is best achieved through environmental monitoring and 
timely interventions at the vector and livestock levels.

To be fully successful, the One Health approach needs to be coordinated at internation-
al, regional, national and sub-national levels, and across the relevant sectors (public health, 
animal health, forestry, fisheries, natural resources, land use planning, etc.). Excellent prog-
ress has been made in recent years in advancing One Health approaches, but much more 
needs to be done. Information sharing and consultation between disciplines is becoming 
much more common. However, dysfunctional competition between sectoral ministries and 
professions for resources and budgets is still a lingering constraint of the old approaches. 
The One Health coordination mechanism needs to be fully empowered to make decisions 
and allocate budgets in such a way as to maximize efficiency while working towards achiev-
ing health, economic and epidemiological results. By giving joint structures these powers, 
the competition between sectoral ministries and professions for budget resources should 
be rationalized.
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It is without a doubt the most complex option and requires a high level of management to 
implement interventions in a timely manner. The investments pre-emptive control requires 
are significant, but the potential for a lesser impact on livestock, public health and trade 
can reduce the overall cost of the outbreak. Figure 3 compares the hypothetical impacts of 
the pre-emptive and reactive approaches. The pre-emptive approach, if well implemented, 
is believed to have the highest cost-effectiveness.

The preventive approach requires action – primarily in the form of vaccination and One 
Health risk communication – on a large scale during the inter-epidemic period. Large-scale 
interventions may continue for years at great cost. The level of management required is less 
than for the pre-emptive approach. This approach requires a serious open-ended commit-
ment and resource prioritization, which may be justified when the minimizing the impact 
on public health is taken into account. It may result in less severe outbreaks or potentially 
prevent them altogether.

In Figure 3, events and interventions to mitigate on-going outbreaks are shown in blue. 
Pre-emptive actions are noted in red. The red and yellow epidemiological curves show the 
potential impact of pre-emptive interventions on livestock and human cases, respectively.

For pre-emptive strategies to be effective, early warning systems need to provide suffi-
cient lead time to mobilize and implement interventions. Jost et al. (2010) collected detailed 
stakeholder observations on the actual timeline of the 2006–2007 outbreak in Kenya which 
have provided important lessons for the prediction of outbreaks and risk management. 
Table 1 shows the time intervals from the observed onset of rains to key events in the 
evolution of the risk of an outbreak. On average, the onset of the first cases as reported 

Source: Jeff Mariner.
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by livestock owners was around only 17 days after mosquito swarms were observed and 
approximately 40 days after heavy rains. Human cases were observed around 18 days after 
the first livestock cases (Jost et al., 2010).

The RVF early warnings based on factors including information on vegetation growth 
(the normalized difference vegetation index1) were issued in November 2006. In retrospec-
tive interviews, community members reported that the first observed cases of livestock and 
human disease occurred in November, before the first official livestock case was reported in 
December 2006. Although RVF alerts based on the normalized difference vegetation index 
(NDVI) are very valuable since they are based on indicators that develop simultaneously with 
vector populations, evidence suggests that they are unlikely to be issued before the onset 
of the first livestock cases on the ground (the beginning of the outbreak).

More recently, the early warning models have placed more emphasis on a broader range 
of indicators, including sea surface temperatures (SST), and on the application of more 
advanced remote sensing products and techniques than those used in 2006. 

Over the past five years, the Food and Agriculture Organization of the United Nations 
(FAO) has developed a prototype RVF Early Warning System based on near real-time sat-
ellite images and modelling to provide decision makers with near real-time RVF risk maps 
for West, East and Southern Africa (See Box 1, page 23). The tool was successfully used to 
conduct rapid risk assessments of RVF outbreaks in Niger (2016), Uganda (2017/2018) and 
South Sudan (2018), and predict RVF occurrences in West Africa, South Africa and Kenya 
between 2017 and 2019, allowing preventive and control measures to be implemented in 
countries at risk of RVF occurrence up to two months before the recognition of the first 
signs of RVF infection. This prototype has substantially improved the model’s ability to 
identify areas at risk of RVF vector amplification, and provided a proof of concept for the 
development of the web-based RVF Early Warning Decision Support Tool (RVF DST) that 
was piloted in three RVF-endemic countries in East Africa: Kenya, Tanzania and Uganda. 
It is now believed that warnings may precede the first signs of outbreaks by six to eight 
weeks, depending on the region in question (see Table 2), but more field validation how 

1 The normalized difference vegetation index (NDVI) is an indicator that uses remote sensing to detect visible 

red and infrared spectral reflectance and thus determine whether or not an area of land contains live green 

vegetation. Simply put, in the context of arthropod vector activity, whereever there is green growth after rainfall, 

there will also be mosquito vectors. 

TABLE 1
Elapsed time between milestones in the 2006–2007 RVF outbreak in Kenya

Event Average elapsed days since previous event

Onset of heavy rains 0

Mosquito swarms 23.6

First case in livestock 16.8

First case in human 17.5

Source: Elaborated by author with data based on Jost et al., 2010. 
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the actual onset of livestock cases compares to the official detection of outbreaks and early 
warnings is needed. Although the web-based RVF DST allows for some pre-emptive action 
to be taken, it may fall short of the four months needed to fully mobilize interventions such 
as vaccinations in the absence of prior procurement and preplacement of supplies. These 
points highlight the challenges of implementing pre-emptive approaches.

The desired outcome of the pre-emptive and preventive strategies is a reduction in 
the severity or frequency of outbreaks. It is difficult to make an evidence-based argument 
in favour of either strategy, as decades of experience and evaluation of well-implement-
ed strategies would be required. The RVF Decision Support Framework highlighted the 
challenge to delivery of pre-emptive responses, while noting the high cost of open-ended 
preventive approaches lasting several years or decades (Consultative Group for RVF Deci-
sion Support, 2010). On the other hand, Saudi Arabia has been pursuing a preventive 
vaccination strategy since their first outbreak in 2000 and has not experienced an outbreak 
despite continued virus circulation. This suggests, but does not prove, that their approach 
has been successful. Moreover, a cost-effectiveness analysis by Kimani et al. (2016b) found 
that preventive vaccination was justified from a public health perspective, if not from the 
perspective of the disease’s impact on livestock alone. 

At present, most countries lack a clear action framework that identifies the strategic 
approach being used, and instead adopt a spontaneous mixture of all three approaches. 
Strategic planning should include a clear statement of approach with defined objectives, 
activities, performance indicators and expected outcomes. Post-outbreak analysis is essen-
tial to making evidence-based decisions on the strategic approaches and specific outbreak 
response actions needed.

The availability of an approved national action framework will help reassure trade part-
ners that the country is aware of its RVF status and able to respond appropriately. 

One Health coordination
At the conceptual level, the One Health approach is widely accepted, and significant 
change is taking place in the way human and animal health, and to some extent environ-
mental services, are perceived, managed and delivered. However, reforming institutional 
approaches developed over centuries is not always an easy task that can be accomplished 
in a decade. The attitudes, expectations and biases of each sector’s professional culture 
are formed over the lifetimes of the individuals who make up these professions. They are 
based on the history of these professions and the training or education that their members 
receive. Programmes promoting the full implementation of One Health are supporting 
structural change in many countries, as well as the development of new professional 
training curricula. International and regional organizations, national institutions (ministries, 
professional bodies and practitioners, etc.) and sub-national institutions are all involved.

As a model One Health disease, RVF is often at the forefront of the institutional adoption 
of One Health approaches. It is difficult to generalize across all affected countries, but most 
have created some form of joint RVF management office or joint zoonosis management 
office responsible for managing RVF. The most cost-efficient responses to the public health 
impacts of zoonoses involve prevention in animals and animal management to decrease 
the opportunities for pathogen spillover to humans or other new hosts. RVF and rabies 
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are excellent examples of this. Historically, it was difficult for animal health departments 
to secure a large enough budget to implement veterinary public health actions. Ideally,  
RVF risk mitigation would be carried out as part of a One Health approach that applies to 
all zoonotic diseases, and the RVF management plan would be one part of a comprehensive 
One Health plan.

A study by Kimani et al. (2016a) looked at One Health in Kenya using RVF as a case 
example. Given the epidemiology of RVF, district veterinary officers (DVOs), district medical 
officers (DMOs) and pastoralists were considered key players in the response to the disease. 
The perception of these three key groups was that they themselves were falling short in 
their roles as far as managing the impact of RVF was concerned. They attributed this to a 
lack of resources and logistics, as well as a weak interface between the health services and 
pastoralists. The study noted that access to services, particularly animal health services, was 
an important constraint in RVF management. 

Initiatives are underway to develop and test integrated service delivery models that com-
bine the delivery of human, animal and environmental services into one visit. These range 
from mobile clinic approaches to integrated community health and community animal 
health networks. Local government and NGOs are pioneering these efforts.

International and regional organizations continue to innovate in One Health informa-
tion sharing for RVF. FAO and partners such as the World Health Organization (WHO), OIE, 
the United States National Aeronautics and Space Administration (NASA), and recently, the 
Intergovernmental Authority on Drought and Development (IGAD) are at the forefront of 
this innovation. They have been collaborating over the years to issue and disseminate RVF 
alert messages (FAO, 2006, 2008, 2014, 2015, 2017, 2020), and subsequently deploy One 
Health country-level field missions (e.g. those conducted in Madagascar in 2008, Uganda 
in 2019 and Mauritania in 2020). National early warning systems have also been put in 
place following RVF outbreaks: Mauritania, for example, launched joint human, animal 
and vector investigations of the country’s 2003 outbreak (Faye et al., 2007). New RVF 
alert platforms resulting from multi-agency collaboration have issued more timely alerts for 
several of the recent outbreaks across Africa. What is more, the situation is continuously 
improving. One Health projects are now working on fully integrated national surveillance 
information systems. International agencies should take note of developments downstream 
in relation to the coordination of national decision making and interventions. 

The effective management of RVF requires a One Health MCM with the authority to 
manage resources across sectors, report disease, issue alerts and declare outbreaks. Institu-
tionally, those close to the ground are moving in this direction.

Research, targeted studies and analysis
Research and brief targeted studies and assessments have played an important role in 
expanding our understanding of RVF epidemiology and ability to assess and map the risk 
of RVF and diagnose and control the disease. Climate change means that aspects of RVF 
ecology such as vector distributions are not static and need to be periodically updated. An 
example of an integrated One Health assessment of the extent of the outbreaks in Senegal 
in 2013–2014 is provided by Sow et al. (2016). The sections that follow on risk assessment 
and mapping and early warning systems are examples of the state of science and RVF. 
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Another example of this progress is provided by Clements et al. (2007), who carried out a 
sophisticated Bayesian spatial regression analysis of ecosystem variables, including distance 
to ponds, identified seasonal peak rainfall and the presence of pond ecosystems, which they 
took to be the principle risk factors in Senegal.

Most risk mapping methods combine quantitative, semi-quantitative and expert opinion 
methods. A mapping study of the Maghreb region analysed factors driving vector density 
and found that the northern regions of the Maghreb were moderately suitable for enzootic 
transmission and highly suitable for epizootics (Arsevska et al., 2016). This should be con-
trasted with the European Food Safety Authority (EFSA) risk analysis discussed below, which 
concluded that there was insufficient data to analyse the risk of endemic establishment in an 
area which included the Maghreb. A study from Kenya reported methodologies for ranking 
indicators such as the frequency of outbreaks and severity of outcome. The authors noted 
that the final ranking of districts required direct adjustment by experts (Munyua et al., 2016).

The OIE approach to risk assessment (RA) focuses on assessing the risk of new infectious 
agents being introduced to a location through the trade in animals or commodities. For 
the most part, however, RVF outbreaks emerge in areas where the virus has already been 
periodically circulating.

For virus-free countries with suitable vectors, the economic consequences of the disease 
becoming endemic to vector populations are the most significant concern. The European Food 
Safety Authority conducted a risk assessment of the introduction of RVF to virus-free areas in 
the southern Mediterranean Basin (EFSA, 2013), which was subsequently updated in 2020 
(Nielsen et al., 2020). In the original study, competent vector species were mapped and a risk 
model based on parameters expert opinion was created. The analysis indicated that areas of 
the southern Mediterranean Basin were at risk of spread from endemic countries, most likely 
due to the movement of animals. The updated analysis also considered the movement of 
animals to be the pathway that posed the greatest risk, but indicated that the risk of spread 
to the European Union was very low given the strict animal import controls in place. It noted 
that the European Union should maintain strong surveillance measures due to the risk of the 
spread of RVF to neighbouring countries and the risk posed by the spread of infected vectors. 

Statements concerning the way in which RVFV is spread to new areas are often based on 
circumstantial evidence. The relative importance of the movement of animals compared to 
vector movements or climate change has been the subject of much debate and speculation. 
Statements concerning the sources and spread of RVF should be backed by genomic data 
that demonstrate the relationship between viruses and support the hypotheses proposed. 
For example, the undetected transmission of a virus may precede outbreaks by decades. In 
the case of the 2016 outbreak in Niger, high RVF seroprevalence levels were found as far 
back as the 1980s (Mariner, Morrill and Ksiazek, 1995), suggesting that the virus may not 
have been a recent introduction and had been present for more than 35 years before clinical 
cases were detected. Genomic analysis can provide solid evidence for understanding the 
source of the 2016 RVF outbreak in Niger.

The specific correlation between weather and the onset of outbreaks is regionally 
diverse. The risk relation between El Niño events and RVF outbreaks is well established 
for the Greater Horn of Africa (GHA). In West Africa, two scenarios have been described:  
in the more arid areas of northern Senegal and Mauritania, RVF outbreaks have been linked 
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to patterns of two rainy periods separated by a dry period, whereas in the Senegal River 
Basin, a period of prolonged rainfall similar to the GHA scenario has been proposed as a 
risk factor. In Southern Africa, associations with rainfall and the NDVI have been reported, 
but these patterns are less clear than in the GHA. A pattern of annual outbreaks in the 
region was reported between 2010 and 2012, with the highest frequency of cases between 
January and April (Glancey, Anyamba and Linthicum, 2015). Detailed temporal-spatial anal-
ysis of outbreaks occurring between 2008 and 2011 has also been carried out for Southern 
Africa (Metras et al., 2012). After a classic pattern of intermittent outbreaks with multi-year 
inter-epidemic periods, Mauritania experienced outbreaks in four of the five years between 
2010 and 2015 (Faye et al., 2014; Sow et al., 2014; Boushab et al., 2016; Sow et al., 2016), 
as well as more recently in 2020.

Numerous examples of risk maps are available. It has been shown that suitable habitats 
and vectors exist outside the current range of RVFV, and if the virus were to spread to these 
populations, there is no known method of elimination.

Risk assessments and risk maps are not static. Climate change affects average temper-
atures, seasonality, the frequency of severe weather events (McMichael, A.J., 2015), pre-
cipitation distribution and humidity. Climate change can also alter the vector competence 
of species already present in an area. The range of RVFV vectors will thus expand into new 
areas, and in existing endemic areas, the frequency and patterns of outbreaks will change.

There is a clear need for applied research to review and validate the progress made in 
relation to RVF risk analysis. Risk analysis methods should be disaggregated into infected 
countries and those at risk of becoming infected. International investment should be mobi-
lized to fund collaborations between expert risk assessment organizations such as EFSA, 
researchers and national stakeholders to validate risk analysis methods. As with prediction 
systems, future events are the evidence base for evaluating the accuracy of risk assessments. 
Data from surveillance systems, outbreak analyses and sentinel herd systems will be essential 
for validating both risk analysis and RVF prediction methods. Further, risk assessments should 
include an evaluation of the consequences of endemic and epidemic infection and mitigation 
responses on livelihoods, households and community institutions deemed at risk in the event 
of an outbreak, allowing policymakers to make informed decisions.

Early warning
Overview
Pre-emptive responses to RVF outbreaks require sufficient lead time. As vaccines are not 
typically stocked in sufficient quantities to mount a full response to an RVF warning, lead 
times of up to four months prior to the onset of transmission are required to allow procure-
ment (Consultative Group for RVF Decision Support, 2010). Seasonal weather projection 
approaches provide valuable risk information but cannot provide definitive warnings of RVF 
outbreaks. The most accurate RVF alert systems use indicators based on current climatic and 
environmental conditions, such as the NDVI. These indicators are influenced by humidity and 
soil temperatures, and thus closely parallel favourable conditions for vectors. Such alerts are 
very valuable but problematic as a form of early warning, as in general they coincide with 
the onset of the outbreak: during the 2006–2007 outbreak in the GHA, livestock owners 
were already observing animal cases of RVF at the time the NDVI-based early warning was 
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Reports indicate climate change is accelerating and ecological systems will change over 
the coming decades (IPCC, 2018). Warming and increases or decreases in precipitation and 
humidity will likely produce changes in the ecosystems and in the geographic distribution 
of vectors. The frequency of weather anomalies will also change, and there may also be 
complex interactions or threshold effects that are difficult to assess. The one certainty, 
however, is change.

Agricultural Research Service risk maps
In Figure 4, an RVF risk map produced by the United States Department of Agriculture (USDA) 
Agricultural Research Service (ARS) forecasting at-risk areas for February 2019 is shown. Areas 
shown in green are potential epizootic areas identified from thresholding of climate variables 
(rainfall and NDVI) and occurrences of previous outbreaks. This includes the likely endemic 
area in the Republic of South Africa. Areas currently considered at risk (indicated in red) are 
based on rainfall information. These risk maps were updated and made available quarterly up 
until May 2019, and could be consulted to allow the early procurement of vaccines. 

Source: USDA ARS https://www.ars.usda.gov/ARSUserFiles/60360500/rvf/archives/0119.pdf downloaded from  
https://www.ars.usda.gov/southeast-area/gainesville-fl/center-for-medical-agricultural-and-veterinary-entomology/
docs/rvf_archivereports/.
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FIGURE 4
Agricultural Research Service risk map for RVF in Southern Africa for February 2019
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BOX 1

The FAO RVF Monitoring/Early Warning System and web-based  
RVF Decision Support Tool (RVF DST)

FAO takes an active role in RVF monitoring and forecasting in sub-Saharan Africa using (i) a 

near real-time climate-based model and an Early Warning System (EWS) developed by NASA’s 

Goddard Space Flight Center (GSFC) and adjusted, calibrated and validated by FAO in East 

and West Africa, and (ii) a multi-criteria decision analysis (MCDA) model based on expert con-

sultation (Tran et al., 2016). The first model builds upon the work described in the previous 

paragraphs (Anyamba et al. 2009). It is dynamic and allows monthly forecasting of potential 

hotspots for vector amplification. The second model predicts the likelihood of RVF occurrence, 

in countries with scientific evidence of RVF virus circulation but without any reported cases. 

FAO was also involved in facilitating the consultation process in the formulation of the Decision 

Support Framework (DSF), which serves as a guide for appropriate responses to RVF in East 

Africa (Consultative Group for RVF Decision Support, 2010). 

The FAO RVF Monitoring Tool and Early Warning System (EWS) produces monthly risk maps 

and risk assessments for Africa. The system makes use of three main sources of data (see Figure 5):  

long-term ENSO climate predictions, past and current rainfall estimates and forecasts, and 

past and current vegetation data and forecasts (NDVI). The model is dynamic and computes 

cumulative climatic anomalies across a time span of the last three consecutive months. If the 

algorithm predicts a warm event such as El Niño and persistently shows areas of unusually 

high levels of rain and vegetation, the risk of vector amplification is high. The co-occurrence of 

susceptible livestock species and humans in these high-risk areas then increases the likelihood 

of an RVF outbreak. The FAO RVF EWS’s panel of experts verifies the at-risk areas with FAO 

officers on the ground and assesses if conditions warrant an RVF alert. 

El Niño risk-mapping model
The El Niño–Southern Oscillation (ENSO) risk-mapping model produced by the United 
States of America’s National Oceanic and Atmospheric Administration (NOAA) was the first 
approach to provide more accurate alerts of an RVF outbreak. It was able to issue alerts two to 
six weeks before the first official report of the major December 2006 outbreak in East Africa.  
However, retrospective analysis has indicated that the disease was already being observed in 
livestock in the field at the time of the alert (Jost et al., 2010). The model produces RVF risk 
maps based on predictions of ENSO-related climate events using satellite data on sea-sur-
face temperatures, rainfall and vegetation (NDVI) levels. It was able to accurately map and 
issue timely alerts of disease activity as RVF moved from southern Somalia through Kenya to 
northern Tanzania (Anyamba et al., 2009). Alerts based on the NDVI are extremely valuable 
when it comes to taking action as they indicate that an outbreak is likely escalating. However, 
alerts based on current conditions alone are not triggered early enough to allow pre-emptive 
responses. This is probably due to the fact that sudden and massive increases in RVF vector 
numbers occur under the same NDVI conditions that trigger the alert.
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