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The spread of Rift Valley fever and approaches
to its control*

R. E. SHOPE,' C. J. PETERS, & F. G. DAVIES3

Rift Valley fever (R VF) is primarily a disease of sheep, cattle, other domestic
animals, and man; it was believed to be relatively benign for man until 1977 when it
spread to Egypt. There it caused enormous losses ofsheep and cattle, and thousands
ofhuman cases occurred, with nearly 600 reported deaths. Although mosquitos are
known to transmit R VF virus in epizootics and epidemics, the reservoir and means of
inter-epizootic maintenance are not known. R VF epizootics can be recognized by a
combination of observations: abortions and neonatal death in sheep. and cattle at
times when mosquitos are abundant, accompanied by cases offever in man, which are
complicated in a minority ofpatients by haemorrhagicfever, encephalitis, and retin-
itis with blindness. Vaccination of livestock with available killed or live attenuated
vaccines shouldprevent transmission to both human subjects and animals. Although
routine quarantine of animals is not deemed a practical measure, movement of
animals should be restricted when an epizootic is in progress. Since it is possible that
R VF may spread from Africa in the future, serological surveillance in man and
animals is recommended in potentially receptive countries ofthe Mediterranean Basin
and South-West Asia to establish baseline data and to familiarize staff with the
methods ofR VF diagnosis.

Rift Valley fever (RVF) was first recognized in Kenya in 1931 when Daubney et al.a
published their classic description of the disease in man and domestic animals, the isolation
of the virus, the experimental transmission of the disease, and the pathology of RVF in
sheep and laboratory hosts. Until 1977, the disease was restricted to man and domestic
animals in sub-Saharan Africa, with epizootics in Kenya, South Africa, Southern Rhodesia
(Zimbabwe), Sudan, Uganda, United Republic of Tanzania, and Zambia. Other parts of
sub-Saharan Africa such as Mali and Nigeria in West Africa, the Congo in Central Africa,
and Botswana and Mozambique in south-east Africa appear to harbour RVF virus, as
demonstrated by virus isolation from, or the presence of antibody in human subjects, but
epizootics have not been reported.

* A French translation of this article will appear in a later issue of the Bulletin.
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In the period between its discovery and the early 1970s, it became clear that RVF was
maintained in the forest in an enzootic fashion and that the spectacular epizootics in
domestic animals were the consequence of a particular set of circumstances: (a) large
numbers of susceptible European breeds of sheep or cattle, (b) high arthropod densities,
and (c) the spill-over of the virus from a poorly-understood maintenance cycle.
However, the events of the last decade have radically altered our perceptions of RVF, as a

result of both increased virological knowledge and experience in a large epidemic that
occurred in Egypt in 1977. It now appears that RVF can cause severe and even lethal human
disease and that it is capable of successfully spreading to areas outside its former range in
sub-Saharan Africa. Reasonably successful vaccines have been developed and some
progress has been made in understanding the ecology, vector relationships, pathogenesis,
and aerosol infectivity of RVF. Current knowledge concerning the disease and methods for
its control has recently been summarized in a WHO publication. b This article is written in
the hope that should RVF extend into new areas, increased awareness will lead to earlier
recognition and control.

CLINICAL AND EPIDEMIOLOGICAL INFORMATION

Clinically, in the overwhelming majority of cases, RVF in man does not differ from
several other febrile diseases of sudden onset, with severe myalgia, headache, retro-orbital
pain, and anorexia. When cases present in large numbers and the three
complications- haemorrhage, encephalitis, and blindness- occur, the indications are
highly suggestive of RVF. Diagnosis in man is aided if concurrent epizootic disease occurs
in sheep and cattle. Mortality in adult sheep and cattle may be 10-30%. Abortions in
pregnant animals and mortality in the newborn approach 100417. Sheep and cattle that
survive abortion often suffer infertility and loss of production. The clinical and patho-
logical features of RVF were well described in 1931 by Daubney et al., and comprehensive
reviews have been written by Weiss,c and Peters & Meegan.d
A large body of basic information that has been accumulated over the last 50 years indi-

cates that RVF is vector-borne, and that at least 26 species of arthropod, mostly mosquitos,
but also Culicoides midges, have been found, or can be, infected. Experimental studies
clearly established the high infectivity of RVF by the aerosol route. Transmission of RVF
virus by aerosol from blood and other infected body fluids is implicated in the frequent
infections of virologists, veterinarians, and abbatoir workers.

SPREAD TO EGYPT IN 1977

In 1977 RVF spread into virgin territory in Egypt, causing explosive outbreaks affecting
man and domestic animals. In that year the Egyptian public health authorities recognized
severe febrile illness in residents of Giza, Qalyubia and Sharqiya Governorates.eJ While
most of the several thousand cases recovered completely, at least 600 died with haemor-

b Rift Valley fever: An emerging human and animal problem. Geneva, World Health Organization, 1982 (WHO Offset
Publication, No. 63).

c WEISS, K. E. Rift Valley fever- A review. Bulletin ofepizootic diseases ofAfrica, 5: 431 - 458 (1957).
d PETERS, C. J. & MEEGAN, J. M. Rift Valley fever. In: Beran, G. W., ed., Viral zoonoses, Boca Raton, Florida, CRC Press,

vol. 1, 1981, pp. 403 - 420.
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(1979).
f MEEGAN, J. M. The Rift Valley fever epizootic in Egypt 1977 - 78. 1. Description of the epizootic and virological studies.
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rhagic fever associated with acute hepatitis. Others developed encephalitis which was
usually not fatal, and still others sought medical attention because of blindness secondary
to retinal vasculitis.
What then accounted for the explosive spread of RVF in Egypt? Has the virus become

enzootic in Egypt? What are the typical disease patterns in man and animals? Has the virus
become more virulent for man during recent epidemics? How does the virus persist and
what is its reservoir? What conditions favour epizootics and epidemics? Will the disease
spread again and where? What should other countries do to protect against importation? Is
quarantine effective? Are vaccines available for man and animals and how should they be
used? What tests are available for diagnosis? Some of these questions will be answered in
whole or part in the following sections of this article. Others are still the subject of specu-
lation, and it must be hoped that further research will find answers.

LESSONS TO BE LEARNED FROM THE EGYPTIAN OUTBREAK

Knowledge gained during the epidemic in Egypt should be analysed in order to prevent
further spread of RVF, or at least to ensure that public health authorities are not caught
unprepared.

In Egypt the disease followed an outbreak in 1976 in the Sudang and it has been hypoth-
esized that the virus was transported by arthropods, man, or domestic animals to Aswan
and eventually to the Nile Delta. Ecological conditions changed in the Aswan Governorate
after the construction of the High Dam and it is possible that the changing arthropod and
vertebrate populations became receptive to RVF transmission.
The virus may have become established enzootically in Aswan before, or as a conse-

quence of, the Egyptian epidemic. Enzootic foci may also exist elsewhere in Egypt. Egyp-
tian public health and veterinary scientists are actively studying this possibility. Those
involved in planning new irrigation schemes and dams in sub-Saharan Africa, North
Africa, and south-west Asia should take note of the Egyptian experience and consider the
possibility of further spread of RVF.
RVF can be recognized early only if there is a high index of suspicion. The combination

of extensive abortion in sheep and cattle, death of some animals with acute liver necrosis,
and febrile illness in people should alert the veterinary authorities and public health
officials to the presence of Rift Valley fever. Outbreaks of illness in animal handlers,
butchers, and veterinarians are of particular significance, as is illness associated with
haemorrhagic fever, encephalitis, or blindness in a small proportion of patients. There are
several reasons why this combination of circumstances was not recognized earlier in Egypt:
such spread of RVF was unprecedented, diagnostic symptoms and signs were not well
publicized ( so health and veterinary authorities did not suspect RVF in the differential
diagnosis), and there was a high background of abortion in livestock. We now know that
RVF can be introduced into previously uninvolved areas, and other potentially receptive
countries should be alert. It is of the utmost importance that there be cooperation and open
communication between veterinary and public health workers, because the disease may be
recognized because of abortion in sheep and cattle before it infects people.

Surveillance by means of virus isolation and serological tests can establish the diagnosis
of RVF quite rapidly. In Egypt in 1977, virus was isolated in baby mice by intracranial
inoculation of human acute phase sera. Adult mice, hamsters, lambs, and most cell
cultures can also be used for primary isolation of virus. In this case, the Egyptian public
health and veterinary laboratories were also able to test stored human and domestic animal

9 EISA, M. ET AL. An outbreak of Rift Valley fever in Sudan- 1976. Transactions ofthe Royal Society of Tropical Medicine
and Hygiene, 74: 417 - 419.
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sera collected before the outbreak and establish that RVF had not been active in Egypt for
at least several decades.

Other potentially RVF-receptive countries, especially those in the Mediterranean and
south-west Asia regions, would be wise to consider collecting sera now and to test them
with RVF antigen to establish the absence of RVF antibody and to familiarize staff with
virus diagnostic techniques. WHO plans to make available an inactivated RVF antigen
suitable for complement-fixation (CF), haemagglutination-inhibition (HI), and agar-gel-
diffusion (AGD) tests. The HI test appears to be best for diagnostic purposes at present. It
is sensitive, already in use as a standard test in many laboratories, does not require expen-
sive equipment, and measures an antibody response that is relatively long-lasting. At times,
related virus infections of the phlebotomus fever group may give rise to antibodies that
cross-react with RVF antigens in the HI test. Other tests such as CF, AGD, immunofluores-
cence, ELISA, and neutralization are valuable under some circumstances. The WHO
Centres for Arbovirus Reference and Research are prepared to offer consultation and to
reqeive specimens for diagnostic confirmation of RVF by antibody testing and by attempts
at virus isolation.

THE POSSIBILITY OF SPREAD OF RIFT VALLEY FEVER FROM AFRICA

The precise mechanism by which RVF was introduced into Egypt in 1977 is not known.
Therefore, predictions regarding further spread can only be speculative. RVF virus might
be carried by viraemic persons or by domestic animals. It might also be spread by infected
arthropod vectors transported by aeroplanes or on winds in the Intertropical Convergence
Zone; these are updrafts which in some seasons carry mosquitos for hundreds of kilo-
metres.h If spread occurs, receptive areas in the Mediterranean Basin or south-west Asia
would seem to be at highest risk. For an area to be receptive it should have an abundance of
vectors and a high concentration of domestic animals to amplify the transmission cycle.
Pilgrims, refugees, other travellers, and their domestic animals could conceivably spread
RVF, but human populations in desert areas lacking receptive ecological conditions would
not be likely to support a transmission cycle. The major river valleys and especially those
with large irrigated zones would seem to be the most likely areas for future RVF epizootics.

PREVENTION OF FURTHER SPREAD

Spread of RVF can probably be prevented by vaccination of sheep and cattle. In Israel,
sheep and cattle were vaccinated with killed RVF vaccine during a nation-wide campaign in
1978. In addition, quarantine measures have been implemented for some time for imported
livestock and today Israel is free of RVF. However, there is no way of assessing the preven-
tive value of vaccination.

Killed vaccines for sheep and cattle have been used in South Africa for several years and
have now been produced and employed in Egypt. A modified, live vaccine is also available
for veterinary use. This vaccine has drawbacks; it causes a small number of sheep to abort
and has not been studied sufficiently to determine the frequency with which it reverts to
virulence. It is therefore not recommended for use in areas that now are free of RVF
because, if reversion to virulence should occur, the cycle of transmission might be initiated.
However, because it is inexpensive and easy to produce in large quantities, this vaccine has

h SELLERS, R. F. Weather, host and vector-their interplay in the spread of insect-borne animal virus diseases. Journal of
hygiene, 85: 65-102, (1980).
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played a major role in limiting epizootic disease in countries such as Kenya and South
Africa. WHO will arrange to stockpile the attenuated veterinary vaccine as a contingency
in case another large outbreak of RVF occurs.

Person-to-person transmission of RVF does not normally occur. Acute-phase blood,
however, as well as tissues of infected sheep and cattle are highly infectious. Therefore
vaccination of exposed laboratory workers and veterinarians is recommended using a
formalin-inactivated cell culture vaccine that has been recently developed and produced in
the USA. This vaccine is expensive to produce and the limited supply precludes its use in
tourists or others not at high risk.
Under most circumstances, quarantine of animals is not likely to be an effective RVF

control measure. Enforcement of quarantine is difficult in countries in North and East
Africa, and the procedure is expensive. However, movement of animals from areas where
an epizootic of RVF is in progress should be restricted. Sick animals should be allowed to
die or recover. They should not be slaughtered under any circumstances because of the
attendant risk of infection through exposure to aerosolized infectious blood and other
body fluids.

UNANSWER,ED QUESTIONS AND RECENT RESEARCH OBSERVATIONS'

The reservoir of RVF is still not known. In South and East Africa, the virus is thought to
exist in its natural cycle in forests or comparatively high rainfall, humid, shrubby grass-
lands, generally between the 15 °C and 20 °C isotherms. The infection extends every 5 - 15
years into areas where livestock are grazing, during periods of heavy rainfall and abun-
dance of arthropods. These epizootic areas are limited by local ecological conditions and
the presence of susceptible livestock; and the virus activity persists for only one or two
years before disappearing. Serological tests in monkeys, birds, amphibians, reptiles, and
wild ruminants have failed to show any involvement of these animals in the maintenance
cycle(s). Domestic ruminants are involved at a low level during inter-epizootic periods.

Further research into understanding the natural maintenance cycle of RVF as well as
increased knowledge of the enzootic and epizootic vectors remains a high priority. Some
progress has been made in finding the disease in countries not widely cited in the historical
literature. There have been livestock outbreaks in the United Republic of Tanzania and
Zambia and serological evidence of infection may be found throughout much of Africa,
and possibly even into the Sahel zone of Senegal, indicating that RVF virus probably exists
(albeit focally) in most and perhaps all countries of sub-Saharan Africa.
On the more positive side, rapid advances have been made in the serological classifi-

cation and biochemistry of RVF. RVF virus is a single serotype related to viruses in the
phlebotomus fever serogroup.J The relationship has diagnostic significance since anti-
bodies to other viruses in the phlebotomus fever group can be mistaken for RVF antibody
and can lead to erroneous diagnosis of RVF. The cross-reactions are most marked in the
immunofluorescence and HI tests. The neutralization test, however, is quite specific and
should be used to confirm any serodiagnosis that is in doubt.
The viruses in the phlebotomus fever serogroup have similar morphological,

morphogenetic, physical, and biochemical properties. At least 35 such viruses have been
proposed as members of a new genus, Phlebovirus, in the family Bunyaviridae. The viruses
are spherical, have a diameter of approximately 95 nm, with a lipid envelope from which

i Much of the recent RVF research is summarized in Schwartz, T. A. et al., ed., Rift Valley fever, Basel, S. Karger, 1981,
196 pp. (Contributions to epidemiology and biostatistics, vol. 3).

i SHOPE, R. E. ET AL. Serological relation between Rift Valley fever virus and viruses of the phlebotomus fever serogroup.
Lancet, 1: 886- 887 (1980).
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glycoprotein spikes protrude. The particle has 3 helical nucleocapsids made up of nucleo-
capsid protein and 3 corresponding single-strand segments of RNA. Each of the segments
is unique and it may be possible to prepare reassorted viruses in vitro to provide new
genomes of specified RNA composition and this could be the best means of producing an
attenuated virus. The hypothetical virus would contain the middle-sized RNA segment,
which codes for the surface glycoproteins, to elicit neutralizing antibody, while at the same
time carrying other altered RNA segments that would assure loss of virulence. In studies so
far with the phlebovirus, Punta Toro, it has only been possible to form reassortants by
using very closely related Punta Toro strains. However, this type of experiment has not yet
been done with RVF virus. It is hoped that these and other sophisticated molecular
approaches may lead to improved vaccines for use in animals and man.
One of the most important observations made during the recent years was the recog-

nition of fatal RVF in man. In 1975, haemorrhagic disease was recognized for the first time
in South Africa, where 4 deaths were reported. Then in 1977 nearly 600 fatal haemorrhagic
cases of RVF occurred in Egypt. Severe and even fatal encephalitis has also been docu-
mented following acute RVF infection in man. It is possible that patients died ofRVF prior
to 1975 and that the cause of the death was not recognized, but one cannot exclude the
possibility that the South African and Egyptian strains possessed enhanced virulence. An
increased virulence for laboratory rats has been shown for the Egyptian strains, but other-
wise their laboratory properties are similar to those of prior isolates, and there have not
been any demonstrated shifts in antigenicity. One must assume that RVF epidemics in the
future will continue to result in fatalities.
Other important research needs fall in the realm of human disease. We do not under-

stand why some people develop serious forms of RVF, nor do we have meaningful thera-
peutic approaches other than simple supportive care. Observations in laboratory animals
suggest that interferon inducers, antiviral drugs (ribavirin), or immune serum could be
useful.
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