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Introduction
This publication provides an overview of Rift Valley fever 
virus (RVFV) history, geographic distribution, vectors, 
hosts, epidemiology, and control, and is intended to deliver 
important information about RVFV to public health profes-
sions, veterinarians, researchers, stakeholders in mosquito 
control, and the general public.

Rift Valley fever (RVF) is an acute, febrile illness that 
poses a serious global threat to the health of humans and 
livestock. This illness is caused by the Rift Valley fever 
virus (RVFV), an RNA virus belonging to the Phlebovirus 
genus in the family Phenuiviridae and order Bunyavirales 
(Abudurexiti et al. 2019). The first isolation of the virus 
was from the Great Rift Valley of Kenya in 1930 during an 
epidemic among sheep, and since that time the geographic 
range of RVFV has been largely confined to the African 
continent (Davies 2010). In 2000, however, RVFV spread 
to the Arabian Peninsula and caused two major outbreaks 
in Yemen and Saudi Arabia, marking the first emergence 
of RVFV outside its traditional geographic range (Madani 
et al. 2003). Despite the restricted prevalence of RVFV in 
Africa and the Arabian Peninsula, the movement of viremic 
hosts, such as domestic livestock or humans, either by in-
ternational trade or migration and the widespread presence 
of putatively competent vectors may facilitate the eventual 
emergence and spread of RVFV in previously unaffected 

countries, including the United States (Rolin et al. 2013). 
Outbreaks of RVFV among livestock are associated with 
severe illness, mass abortion, and death, especially in sheep, 
cattle, and goats, which often leads to significant economic 
losses and trade restrictions in affected counties. In hu-
mans, RVFV infections typically result in mild, self-limiting 
febrile symptoms but can progress to more severe illnesses, 
including encephalitis, blindness, hepatitis, and hemor-
rhagic fever, which can be fatal (Ikegami and Makino 2011).

Although RVFV is primarily transmitted to humans and 
livestock by arthropod vectors, mainly mosquitoes, the 
virus can also spread through other routes of transmission, 
including direct contact with infectious blood, tissue, or 
fluids, or inhalation of aerosolized virus particles (Bales et 
al. 2012; Rolin et al. 2013; Baba et al. 2016; Linthicum et 
al. 2016). While there have been no reports of human-to-
human transmission, the aerosol dissemination of RVFV 
has been well documented, making this agent a potential 
biological weapon (Smithburn et al. 1949; Sidwell and 
Smee 2003; Rolin et al. 2013). Because numerous mosquito 
species across several genera can transmit the virus and 
because of its potential devastating consequences for 
agriculture and public health, the Centers for Disease 
Control and Prevention and National Institute of Allergy 
and Infectious Diseases have classified RVFV as an “overlap 
select agent” and a “Category A priority pathogen” in the 
United States (Rolin et al. 2013). These classifications are 
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reserved for pathogens that present the greatest danger to 
health and safety.

RVFV Distribution
Rift Valley fever virus has a broad geographic distribution 
across Africa with enzootic and epizootic cases reported 
throughout much of the continent. However, the frequency 
and distribution of reported outbreaks have increased, 
particularly since 2000, when the virus spread to the Ara-
bian Peninsula (CDC 2020a). Multiple epizootics among 
domestic animals occurred between 2000 and 2020 (Figure 
1), including in Senegal, Mauritania, and the Gambia in 
West Africa between 2012 and 2016; in South Africa and 
Namibia beginning in 2009; and in Angola in 2016. Niger, 
a country that is part of the Sahel and located in northern 
Central Africa, also had a moderate RVF epizootic in 2016 
(CDC 2020a). In 2006 and 2007, a large epizootic occurred 
in Kenya, Somalia, and Tanzania in East Africa, following 
heavy rains associated with El Niño Southern Oscilla-
tion (ENSO) climatic conditions (Lutomiah et al. 2014; 
Linthicum et al. 2016). In 2018, another epizootic occurred 
in Kenya, also following unusually heavy rains, this time 
during the long rainy season with human cases confirmed 
in June (WHO 2018). In 2016, a multi-year epizootic began 
in Uganda and was the first laboratory-confirmed detection 
in this country in 48 years (Shoemaker et al. 2019). In 2019, 
multiple human and animal cases were detected on the 
Island of Mayotte off the coast of East Africa in the Indian 
Ocean (Youssouf et al. 2020).

The large number of mosquitoes capable of transmitting 
RVFV, the diversity of susceptible vertebrate hosts, and the 
distribution of the virus across a broad range of bioclimatic 
conditions make understanding its potential establishment 
and spread into new geographic areas a global priority 
(Chevalier et al. 2010; Rolin et al. 2013; Gibson et al. 
2022). Establishment in new geographic areas could occur 
through the introduction of viremic ruminants, including 
domestic livestock, which could then infect competent 
mosquito vectors in the new region. This scenario has been 
hypothesized as the means of introduction from Africa 
to the Arabian Peninsula (Chevalier et al. 2010; Rolin et 
al. 2013). Other potential routes of establishment have 
been deemed to be relatively low risk but not impossible, 
including the movement of infected mosquito vectors into 
a new geographic area through trade or travel (Rolin et al. 
2013). There is also limited evidence that infected humans 
traveling to a non-endemic location could play a role in 
RVFV emergence by serving as an infectious reservoir and 
triggering an outbreak (Golnar et al. 2014; Gibson et al. 
2022). However, although RVFV amplification in humans 

to mosquito-transmissible levels has been documented 
(Meegan 1979), in areas where RVFV is established, human 
hosts likely play a negligible role in transmission cycles 
compared to other mammalian hosts (Rolin et al. 2013). 
Nevertheless, the travel of infectious humans should not 
be ignored as a potential route of RVFV introduction and 
emergence. The risk of establishment through intentional 
introduction from a bioweapon remains unknown (Rolin 
et al. 2013), but it is certainly a concern for the United 
States and other non-endemic countries with conditions 
conducive to a sustained transmission cycle.

RVFV Vectors and Vertebrate Hosts
Diverse mosquito species belonging to at least six genera 
have been found present during RVFV outbreaks, and 
naturally infected with the virus in various portions of 
Africa (Linthicum et al. 2016). Most isolations of RVFV 
from mosquitoes have been from females of the genus 
Aedes, a biologically diverse, species-rich genus comprising 
roughly 1,270 species and approximately 75 subgenera 
worldwide (Wilkerson et al. 2015). Approximately three 
quarters of African Aedes species from which RVFV has 
been isolated are considered floodwater mosquitoes, a 
biologically convergent group that lays eggs in shallow 
ground depressions that will become pools of water 
after heavy rainfall or flooding. Important subgenera of 
floodwater mosquitoes implicated in RVFV transmission 
include Aedimorphus, Catageiomyia, Neomelaniconion, and 

Figure 1. RVF epizootics between 2000–2020. Information summarized 
from CDC-RVF outbreak summaries (CDC 2020a).
Credits: Lindsay P. Campbell, UF/IFAS
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Ochlerotatus. In particular, several species of the subgenus 
Neomelaniconion have been found naturally infected with 
RVFV in multiple countries on the African continent, 
suggesting that they could play a role as vectors of the virus. 
Aedes (Neomelaniconion) circumluteolus has been found 
infected with RVFV in Kenya, South Africa, and Uganda, 
and Aedes (Neomelaniconion) mcintoshi has been found 
infected with RVFV in Zimbabwe, South Africa, and Kenya 
(Linthicum et al. 2016).

Other genera of mosquitoes from which RVFV has been 
isolated, indicating natural infection with the virus, include 
Anopheles, Coquillettidia, Culex, Eretmapodites, and 
Mansonia (Linthicum et al. 2016). Most Culex species from 
which RVFV has been isolated are from the large subgenus 
Culex, including Culex antennatus, Culex pipiens complex 
members, Culex theileri, and Culex zombaensis. Several spe-
cies of Anopheles, from the subgenera Anopheles and Cellia, 
have been found naturally infected with RVFV. Notably, 
Anopheles (Anopheles) coustani and Anopheles (Cellia) 
squamosus have been found repeatedly infected with RVFV 
in multiple countries. Other mosquito species from which 
RVFV has been isolated include Coquillettidia fuscopen-
nata, Coquillettidia grandidieri, Eretmapodites chrysogaster, 
Eretmapodites intermedius, Eretmapodites quinquevittatus, 
Mansonia africana, and Mansonia uniformis. In addition 
to mosquitoes, RVFV has infrequently been isolated from 
blackflies (genus Simulium) and ticks (genus Amblyomma).

Other criteria that must be satisfied to incriminate vector 
species include vector competence (the ability of a species 
to transmit the virus between infectious and susceptible 
hosts, determined in laboratory studies) and contact 
between the suspected vector and vertebrate hosts (often 
determined through blood meal analysis). Vector compe-
tence and host associations have been examined for a few of 
the species found naturally infected with RVFV.

Many of the mosquito species that have been found natu-
rally infected with RVFV have also been found to naturally 
feed upon large mammals during outbreaks. During an 
RVFV outbreak in Kenya (1982–83) cattle were found 
to be the major source of bloodmeals for Aedes (Neome-
laniconion) lineatopennis (85.6%), Aedes (Aedimorphus) 
dentatus (90.7%), Aedes (Aedimorphus) cumminsii (79.2), 
Ae. sudanensis (92.3%), Aedes circumluteolus (67.5%), Aedes 
(Aedimorphus) quasiunivittatus (66%), and Culex anten-
natus (93.3%). Other vertebrate hosts identified included 
human, canine, giraffe, hare, and horse or zebra (Linthi-
cum, Kaburia et al. 1985). During a subsequent outbreak 
(2006–07) in Kenya, Aedes (Aedimorphus) ochraceus and 
Aedes mcintoshi fed mainly on goats (35.2%–37.6%), 

cattle (15.3%–16.4%), donkeys (10.7%–12.7%), sheep 
(5.9%–6.3%), and humans (5.15.3%) (Lutomiah et al. 
2014). These studies indicate that many species implicated 
in RVFV through virus detection also feed upon potential 
amplifying hosts.

Through laboratory studies, researchers can determine 
whether putative vector species that feed upon amplifying 
hosts and that have been found infected with a pathogen 
can biologically transmit between infected and uninfected 
hosts. Relatively few species of African mosquitoes have 
been examined for vector competence in detail. Turrell et 
al. (1996) evaluated the vector competence of Aedes caspius, 
Culex pipiens, Culex antennatus, Culex perexiguus, Culex 
poicilipes, and Anopheles pharoensis from Egypt. Overall 
transmission rates were 20% for Aedes caspius, 7% for Cul-
expipiens, 7% for Culexantennatus, and 11% for Culexperex-
iguus. In a subsequent study, Turrell et al. (2008) examined 
eight African species for vector competence of RVFV. 
Aedes palpalis, Aedes mcintoshi, Aedes circumluteolus, Culex 
antennatus, and Culex pipiens transmitted RVFV by bite 
after oral exposure while Ae. calceatus, Ae. aegypti and Cx. 
quinquefasciatus did not. Jupp and Cornel (1988) examined 
several species from South Africa and found that Aedes 
unidentatus,Culex poicilipes , and Aedes argenteopunctatus 
transmitted RVFV by bite. Using an east-African strain of 
RVFV and west-African mosquitoes, Ndiaye et al. (2016) 
found that Aedes vexans, Culex quinquefasciatus , and Culex 
poicilipes were capable of transmitting the virus.

Ungulates are considered the natural vertebrate hosts of 
RVFV. Sheep, cattle, and goats are the primary vertebrate 
hosts in RVFV epidemiology, although wild ungulates are 
also frequently infected with the virus, especially during 
epizootics (Britch et al. 2013; Linthicum et al. 2016). 
During and immediately following the widespread and 
temporally protracted East African epizootic of RVFV 
(2006–2007), relatively high rates of exposure (antibody 
prevalence) were observed in African buffalo (Syncerus 
caffer), common warthog (Phacochoerus africanus), giraffe 
(Giraffacamelopardalis), and domesticated camel (Camelus 
dromedarius) (Britch et al. 2013; Linthicum et al. 2016). 
Birds, nonhuman primates, and rodents are also likely to 
be exposed to RVFV through the bites of infectious vectors 
(Linthicum et al. 2016); however, these vertebrates are not 
thought to be important amplification hosts of the virus.

RVFV Transmission Cycles
Transmission cycles of RVFV are heavily influenced by 
vector ecology and rainfall since flooding is required to 
stimulate egg hatching of the floodwater Aedes species 
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that serve as primary vectors. Low-lying areas in savanna 
grasslands are the most important sites for vector mosquito 
production (Davies et al. 1985; Linthicum et al. 1985a). 
These areas are called dambos in East Africa and pans or 
vleis in South Africa and range dramatically in size from 
a few meters to multiple kilometers (Linthicum et al. 
2016). A key aspect of RVFV cycles is that selected species 
of floodwater Aedes may transmit RVFV vertically from 
mother to egg (transovarial transmission; Linthicum et 
al. 1985b). Eggs infected with RVFV that are produced 
toward the end of the rainy season are oviposited on soil or 
vegetation in dry but flood-prone areas because rainfall is 
highly seasonal. These eggs may remain dormant and viable 
for months to years until stimulated to hatch by a flood, 
leading to RVFV-infected adults capable of transmission 
when seeking their first blood meal (Linthicumet al. 1985b) 
(Figure 2).

There are two types of transmission cycles for RVFV, the 
enzootic cycle, and the epizootic/epidemic cycle. The enzo-
otic cycle occurs more frequently and is the “maintenance 
cycle” that enables virus persistence in the environment 
(Linthicum et al. 2016). This cycle is characterized by lim-
ited RVFV transmission among a small number of animal 
hosts, such as domestic or wild ungulates that are driven by 
floodwater Aedes mosquitoes. Although this cycle results in 
little to no impact on animal or human health, it maintains 
the virus in the environment by replenishing the bank of 
RVFV-infected mosquito eggs in the soil (Linthicum et al. 
1985b). Therefore, in years with low to moderate amounts 
of rainfall and flooding, horizontal transmission of RVFV is 
low and often goes unnoticed (Linthicum et al. 2016).

In contrast, in years with sustained, excessive rainfall 
and long periods of flooding, epizootic/epidemic cycles 

of RVFV transmission may occur, leading to an increase 
in veterinary cases compared to the enzootic cycle (i.e., 
an epizootic) and oftentimes an outbreak in the human 
population (i.e., an epidemic) (Linthicum et al. 2016). This 
phenomenon has been well documented and in the Horn of 
Africa is now associated with El Niño-Southern Oscillation 
(ENSO) events, during which elevated surface temperatures 
in the eastern equatorial Pacific Ocean and western equato-
rial Indian Ocean lead to prolonged and very heavy rainfall 
(Linthicum et al. 1999). In such instances, RVFV transmis-
sion begins as a normal enzootic cycle but transitions to an 
epizootic/epidemic cycle as the disease ecology underlying 
the system changes. Excessive rain raises the water table, 
increasing both the extent and duration of flooding, as well 
as the amount of emergent vegetation. These conditions 
are highly favorable to mosquito production and survival 
(Linthicum et al. 1983; 1984), and as a consequence, the 
number of RVFV-infected Aedes eggs that hatch is much 
greater than in normal years, leading to higher RVF 
incidence in animal hosts and subsequent RVFV amplifica-
tion (Linthicum et al. 2007). As floodwaters persist, they 
become stagnant and attractive to oviposition by additional 
mosquito species capable of transmitting RVFV, particu-
larly those in the genera Culex,Mansonia, and Coquillettidia 
described above (Linthicum et al. 1983; 1984). The initial 
infections are undoubtedly driven by floodwater Aedes, 
but once these secondary vector species emerge, they 
perpetuate transmission and spread RVFV horizontally to 
susceptible hosts throughout the area, domestic livestock in 
particular (Logan et al. 1991; Lutomiah et al. 2014). Large-
scale amplification of RVFV in livestock is the hallmark 
of an epizootic, which can have devastating consequences 
on herds of cattle, sheep, and goats. Importantly, some of 
the vectors driving the epizootic event are opportunistic 
in feeding and will bite a variety of mammalian hosts, 
including humans (Lutomiah et al. 2014). Such vectors in 
combination with human activities that include drinking 
unpasteurized milk, handling or consumption of infected 
blood or meat, or handling aborted fetuses, can bridge 
transmission to the human population from the epizootic 
cycle, leading to an RVF epidemic. Although RVFV can 
cause a severe human illness, and humans can develop 
viral titers sufficient to infect vector mosquitoes (Meegan 
1979), humans are not considered to be important amplify-
ing hosts for the virus, neither during epizootics nor in 
epidemics.

In addition to vector-borne transmission, RVFV can be 
transmitted to humans through direct contact with infected 
livestock or through aerosols when an animal is slaughtered 
or butchered (Linthicum et al. 2016). In instances of 

Figure 2. RVFV transmission cycles.
Credits: Abdullah A. Alomar, UF/IFAS
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airborne transmission, aerosolized virus particles are 
inhaled, so there is a real risk of infection for people in 
close proximity to sick or dead animals, even in the absence 
of contact. The segment of the population at greatest risk of 
infection during RVFV epizootic/epidemic are those who 
work closely with live animals (e.g., farmers, shepherds), 
who work as butchers or in slaughterhouses, and who 
provide veterinary care for the animals (Linthicum et al. 
2016).

RVFV Epidemiology and Control
Epidemiology
Rift Valley fever virus was first identified in 1930 during a 
rainy season in the Rift Valley province in Kenya (Daubney 
and Hudson 1931). After the first detection in Kenya, RVFV 
caused several epizootics and epidemics in many African 
countries, including Egypt, Somalia, Zimbabwe, Tanzania, 
South Africa, Senegal, Sudan, Nigeria, Mauritania, and 
Madagascar (El Akkad 1978; Meegan 1979; Saluzzo et al. 
1987; Zeller et al. 1997; Gerdes 2004). Impacts on agricul-
ture and human health were elevated during these events. 
For example, in 1951, RVFV caused a serious epizootic in 
South Africa with an estimated 100,000 sheep dead and 
half a million aborted (Weiss 1957). An extensive epizootic 
and human epidemic of RVF in 1977 in Egypt resulted in a 
substantial number of mortalities and abortions in sheep, 
cattle, and camels and deaths among humans (Meegan 
1979; Ahmed Kamal 2011). In September 2000, RVFV 
emerged for the first time outside the African continent 
on the Arabian Peninsula, leading to hemorrhagic fever 
cases and fatalities in humans and major losses in livestock 
populations in Saudi Arabia and Yemen (Abdo-Salem et 
al. 2006; Madani et al. 2003). Recently, countries in the 
Mediterranean region including Tunisia and Turkey have 
reported RVFV seropositivity in sheep and cattle, indicating 
previous exposure to the virus and highlighting the poten-
tial risk of RVFV emergence in new locations (Zouaghi et 
al. 2021; Kwaśnik et al. 2021).

Clinical Manifestations
Livestock infected with RVFV may experience a sudden 
onset of fever, weakness, vomiting, nasal discharge, diar-
rhea, reduction in milk production, abortion, or high rates 
of severe illness and death (Figure 3). The consequences 
of infection are age-dependent, and young livestock are 
more likely to develop a severe form of the illness than 
adult animals (Davies et al. 1985; Kwaśnik et al. 2021). The 
severity of illness also varies among host species, as sheep 
are the animals most severely affected among domestic 
livestock followed by goats, cattle, camels, and water 

buffaloes (in decreasing order) (Mariner 2018). The incuba-
tion period for acute cases in sheep and goats can be fewer 
than 24 hours, with death occurring in 1–3 days. In infected 
flocks of sheep, close to 100% of animals show symptoms, 
with mortality rates varying by age from as high as 95% in 
newborn lambs to 5%–30% in adults (Mariner 2018). In 
cattle, mortality rates may reach as high as 30% in new-
borns, while calves that survive RVF may suffer debilitating 
disease with hepatitis and jaundice that persists for months. 
Adult cattle usually survive the infection, as mortality rates 
in infected herds tend to be less than 5%. Despite high 
survival, morbidity rates can be high with adult animals 
showing many of the symptoms described above, especially 
pregnancy loss in cows (Mariner 2018).

In humans, the RVFV incubation period is typically 2–6 
days following exposure (CDC 2020b). Infections are often 
asymptomatic or result in a self-limiting febrile illness (e.g., 
headache, fever, weakness, dizziness, muscle pain, rigor, 
and joint pain) that lasts a few days. In contrast, 8%–10% of 
human infections develop into a severe illness that can have 
a range of clinical manifestations, including encephalitis 
(inflammation of the brain), retinitis (ocular disease), hepa-
titis, and hemorrhagic fever (Figure 4). The case-fatality 
ratio in humans is low in comparison to livestock, but of 
the severe manifestations, fatality is most often associated 
with hemorrhagic fever. Although less than 1% of human 
cases lead to hemorrhagic fever, approximately 50% of these 
are fatal, with death usually occurring only 3–6 days after 
the onset of symptoms (CDC 2020b).

Figure 3. RVFV infection manifestations in domestic ungulates.
Credits: Abdullah A. Alomar, UF/IFAS
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Diagnosis
The diagnosis of RVFV is often challenging because of 
the broad overlap of symptoms with other viral fevers and 
diseases. Definitive diagnosis of RVFV involves laboratory 
testing of blood or tissue samples using one of the follow-
ing tests: RVFV isolation by cell culture, anti-RVFV IgG 
and IgM antibody enzyme-linked immunosorbent assay, 
or RVFV nucleic acid detection by reverse transcriptase 
polymerase chain reaction assay. Diagnostic testing of 
RVFV requires a high-containment laboratory at a mini-
mum biosafety level 3-enhanced (e.g., BSL-3 Ag) or BSL-4 
due to the aerosolization potential of RVFV and its high 
transmissibility simply from direct contact to the skin. The 
necessity for a BSL-3 laboratory poses a major challenge 
in RVFV diagnostic capacity, given the limited number of 
these laboratories in endemic regions (Petrova et al. 2020). 
However, novel rapid test technology with wicking assays 
opens up the capability to test for RVFV in field-collected 
mosquito pools (Wanja et al. 2011).

Vaccination
The use of vaccines provides partial or even complete 
protection against viral infection in animals. Although 
there are no licensed RVFV vaccines available for human 
use, several vaccines, such as the live-attenuated Smithburn 
vaccine, a formalin-inactivated vaccine, and a freeze-dried 
live attenuated Clone 13 vaccine, are commercially available 
for veterinary use (Alhaj 2016; Faburay et al. 2017). Vac-
cines were used successfully to avert a likely major epizootic 
in 2015/2016 following warnings published in the Rift 
Valley Fever Monitor (Anyamba et al. 2019). Unfortunately, 

some RVFV vaccines containing live attenuated virus 
may also be implicated in outbreaks or contribute to viral 
reassortment that can complicate the threat of this virus 
(Campbell et al. 2022; Ikegami 2021).

Prevention and Control
There are several preventive measures that may reduce the 
burden of RVFV or the risk of RVFV outbreaks, including 
the implementation of animal immunization before an 
outbreak occurs to prevent epizootic events (Anyamba et al. 
2019). In addition, restriction of livestock movement from 
infected to uninfected areas (Daubney and Hudson 1931), 
and establishment of an active animal-health monitoring 
system (e.g., Lancelot 2009) to provide early warning about 
new cases can prevent widespread transmission. In humans, 
due to the absence of a licensed RVFV vaccine, it is recom-
mended that people visiting or living in affected areas 
avoid contact with body fluids, tissues, or blood of infected 
animals, including local crafts made from hides or other 
ungulate tissues. All animal products (e.g., milk and meat) 
should be thoroughly cooked prior to drinking or eating.

Implementation of integrated mosquito management 
(IMM) is essential to control mosquito vectors and prevent 
the spread of mosquito-borne viruses. In countries where 
RVFV is endemic, this poses a challenge due to the ecology 
of the RVFV system and the bank of RVFV-infected eggs 
in flood-prone areas. Once flooding occurs, the applica-
tion of larvicides can be effective in reducing mosquito 
density but can be logistically challenging to implement 
on a large scale (WHO 2018; Anyamba et al. 2010). In 
non-endemic countries, IMM practices are well suited to 
preventing RVFV emergence. Prevention can be achieved 
through surveillance, removal of mosquito habitats (e.g., 
old tires, plastic covers, buckets, and any other containers 
that may hold water), control of larval and adult stages 
through abatement activities (particularly where livestock 
are abundant), insecticide resistance testing, community 
involvement, and public education about signs and symp-
toms of RVF in livestock and humans. Measures to prevent 
mosquito bites include the application of US Environmental 
Protection Agency (USEPA)-approved repellents to 
exposed skin, covering skin by wearing long-sleeved shirts 
and pants, treatment of clothing with permethrin or other 
USEPA-approved residuals, and use of bed nets and screens 
on windows and doors.
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