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a b s t r a c t

Since its discovery in the 1930s, Rift Valley fever virus (RVFV) spread across the African continent and
invaded the Arabian Peninsula and several islands off the coast of Southeast Africa. The virus causes
recurrent outbreaks in these regions, and its continued spread is of global concern. Next-generation vet-
erinary vaccines of improved efficacy and safety are being developed that can soon be used for the wide-
spread vaccination of livestock. However, due to regulatory and economic challenges, vaccine
manufacturers have been reluctant to develop a human vaccine. Recent innovations in veterinary vacc-
inology, animal models and licensing strategies can now be used to overcome these hurdles. This paper
reviews the historical impact of RVFV on human health and proposes strategies to develop and license a
next-generation vaccine for both animals and humans.

� 2014 Elsevier B.V. All rights reserved.
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1. Introduction

Rift Valley fever virus (RVFV) is a zoonotic arbovirus endemic to
the African continent, the Arabian Peninsula and several islands of

the Indian Ocean located to the southeast of Africa. In these areas,
the virus causes recurrent outbreaks among animals and humans.
Domesticated ruminants, particularly sheep, are the most suscep-
tible to disease. Infection of gestating ewes results almost exclu-
sively in abortion and mortality ratios in newborn lambs can
approach 100%. Cattle, goats and ruminant wildlife species are
somewhat less susceptible, but losses among these herds can also

http://dx.doi.org/10.1016/j.antiviral.2014.03.008
0166-3542/� 2014 Elsevier B.V. All rights reserved.

⇑ Tel.: +31 320238198.
E-mail address: Jeroen.kortekaas@wur.nl

Antiviral Research 106 (2014) 24–32

Contents lists available at ScienceDirect

Antiviral Research

journal homepage: www.elsevier .com/locate /ant iv i ra l

http://crossmark.crossref.org/dialog/?doi=10.1016/j.antiviral.2014.03.008&domain=pdf
http://dx.doi.org/10.1016/j.antiviral.2014.03.008
mailto:Jeroen.kortekaas@wur.nl
http://dx.doi.org/10.1016/j.antiviral.2014.03.008
http://www.sciencedirect.com/science/journal/01663542
http://www.elsevier.com/locate/antiviral


be considerable. Although most human infections are benign, the
virus is feared for its ability to cause hemorrhagic fever and
encephalitis. RVFV has been isolated from over 30 mosquito spe-
cies of which several have a global distribution. Collectively, these
features explain why RVFV is considered one of the most serious
arbovirus threats to human and animal health.

Next-generation veterinary vaccines will soon be available to
control future epizootics. However, due to regulatory and eco-
nomic challenges, vaccine manufacturers have been reluctant to
develop a human vaccine. This paper reviews the historical impact
of RVFV on human health and argues to use a common approach to
develop vaccines for animals and humans by making use of recent
innovations in veterinary vaccinology, animal models and licensing
strategies.

2. The history of Rift Valley fever in humans

The first recorded epizootic of Rift Valley fever (RVF) occurred in
1930 on a farm located near the shores of Lake Naivasha in the Rift
Valley of Kenya (Daubney et al., 1931a). The outbreak was charac-
terized by hyperacute mortality among newborn lambs and abor-
tions (Daubney, 1931; Daubney et al., 1931a,b; Findlay, 1932;
Findlay and Daubney, 1931). A potential role for mosquitoes in
the transmission cycle of the causative agent was recognized by
scientists investigating the outbreak, who demonstrated that ani-
mals could be protected by mosquito netting or by moving the ani-
mals to the highlands, which were free from mosquitoes (Daubney
et al., 1931b). All four Europeans engaged in the investigation of
the outbreak developed symptoms reminiscent of dengue fever
and further inquiries made clear that native shepherds experi-
enced similar symptoms. This first confirmed outbreak of RVF is
believed to have caused 200 human cases without fatalities
(Daubney et al., 1931a,b).

Apart from infections acquired in the field, the first laboratory-
acquired infections were reported by Findlay (1932) and Kitchen
(1934), all without serious complications. In 1934, Schwentker
and Rivers reported a laboratory-acquired infection in the United
States (Schwentker and Rivers, 1934). After the acute phase, the
patient developed thrombophlebitis during convalescence, and
died from a pulmonary embolus 45 days after the onset of illness.
This was the first indication that RVFV infection in man can result
in life-threatening complications.

After the apparent absence of the disease for twenty years, a
serious epizootic among sheep occurred in 1951 in South Africa.
After performing a necropsy on a deceased bull, three veterinarians
and two assistants became acutely ill. RVFV was isolated from the
blood of one of the assistants, confirming the diagnosis (Mundel
and Gear, 1951). In the same year, Joubert et al. (1951) and Gear
et al. (1951) reported over 50 and 13 human cases, respectively,
of a similar illness affecting veterinary surgeons, farmers and na-
tive labourers. A subsequent serosurvey suggested approximately
20,000 human cases had occurred without fatalities (Schulz,
1951). During this outbreak, retinal changes and loss of vision were
for the first time described in detail (Freed, 1951; Schrire, 1951).

In 1975, South Africa again experienced a serious epizootic in
which thousands of lambs and hundreds of sheep and cattle died.
During this epidemic, the first human fatalities directly attribut-
able to RVFV infection were reported (McIntosh et al., 1980; van
Velden et al., 1977). The clinical manifestations of RVFV infections
in 17 patients admitted to hospitals in Bloemfontein were reported
by Van Velden et al. (van Velden et al., 1977). The onset of disease
was generally sudden and involved chills, painful eyes, headache,
backache, limb pains and tender muscles. Neurological complica-
tions were noted in 12 patients, which included meningeal irrita-
tion, confusion, coma, hypersalivation with teeth grinding, visual

hallucinations, lock-in syndrome and rapid involuntary jerky
movements. Two patients developed encephalitis which was fatal
in both cases. Three fatal cases of hemorrhagic fever were reported,
with symptoms including epistaxis, hematemesis, melena and
hematuria (van Velden et al., 1977). McIntosh et al. reported 110
laboratory-confirmed cases and 7 fatal cases (McIntosh et al.,
1980).

In 1977, a human RVFV epidemic occurred in Egypt, which is
believed to represent the largest epidemic to date (Hoogstraal
et al., 1979; Meegan, 1979; Meegan et al., 1979). The outbreak fol-
lowed the completion of the Aswan dam, which was built to regu-
late the irrigation of the Nile delta and significantly increased the
number of mosquito breeding sites. The Egyptian government re-
ported 18,000 cases with 598 deaths, although others suggested
that the number of clinical cases could have exceeded 200,000
(Meegan, 1979). A feature that may have contributed to the large
number of human cases that occurred during the Egyptian out-
break was the involvement of mosquitoes from the Culex (Cx.) pipi-
ens complex, which were not associated with RVFV epidemics
before that time (Hoogstraal et al., 1979).

As in other RVFV outbreaks, the slaughtering of diseased ani-
mals is also believed to have played a major role in transmission
of the virus to humans. In Egypt, sick animals are customarily
slaughtered for consumption and this custom is intensified dur-
ing epizootics. The efficient transmission of RVFV via this route
was exemplified by Hoogstraal et al., who reported illness in all
8 persons who attended the slaughtering of a diseased sheep,
of which 6 did not have physical contact with the animal
(Hoogstraal et al., 1979). It is furthermore worthwhile to note
that the large number of severe human cases that occurred dur-
ing the Egyptian outbreak may be explained by a high incidence
of schistosomiasis, a disease caused by parasites that target the
liver (Meegan, 1979).

In 1986, the completion of the Diama dam resulted in the per-
manent presence of fresh stagnant water in the Senegal river basin
and a dramatic increase in mosquito numbers. The year after, Mau-
ritania experienced a serious outbreak of RVF resulting in an esti-
mated 224 fatal human cases (Jouan et al., 1988). The virus re-
emerged in this area and caused human fatalities in 1998, 2010
and 2012 (Nabeth et al., 2001; El Mamy et al., 2011; WHO, 2012).

The largest RVFV outbreak of Sub-Saharan Africa occurred in
1997–1998 in Kenya. In the Garissa district only, 171 fatalities
were reported among an estimated 27,500 infected humans
(Woods et al., 2002). The total number of human cases in Kenya
and south Somalia was estimated at 89,000 with more than 400
being fatal (CDC, 1998). The outbreak spread to the south into Tan-
zania (Woods et al., 2002), resulting in an estimated 40,000 human
cases (Anyamba et al., 2010). Mohamed et al., reported 511 sus-
pected cases and a fatality ratio among 144 confirmed severe cases
of 28.2% (Mohamed et al., 2010). The massive expansion of RVFV in
these areas is believed to have resulted in the spread of the virus to
the Arabian Peninsula.

In the fall of 2000, an outbreak occurred in the southern coastal
provinces Asir and Jizan of the Kingdom of Saudi Arabia (CDC,
2000a,c) and another occurred in the El Zuhrah district of the
Hodeidah governorate in Yemen (CDC, 2000b; WHO, 2000). An
estimated 2000 people developed complications varying from ocu-
lar impediments to hemorrhagic fever and encephalitis. At least
245 people did not survive the infection, suggesting a case fatality
ratio (CFR) among severe cases of 12% (Al-Hazmi et al., 2003;
Madani et al., 2003). It was reported that most patients resided
in or visited the floodplains of seasonal riverbeds, which contrib-
uted to the conclusion that the majority of human cases in this out-
break resulted from mosquito bites (Madani et al., 2003).
Entomological studies demonstrated that two mosquito species
were abundant in the outbreak areas, Cx. tritaeniorhynchus and

J. Kortekaas / Antiviral Research 106 (2014) 24–32 25



Download English Version:

https://daneshyari.com/en/article/5822155

Download Persian Version:

https://daneshyari.com/article/5822155

Daneshyari.com

https://daneshyari.com/en/article/5822155
https://daneshyari.com/article/5822155
https://daneshyari.com

