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The use of veterinary vaccines for prevention and
control of Rift Valley fever: Memorandum from a
WHO/FAO Meeting*

This Memorandum considers the use of veterinary vaccinesfor the prevention of Rift
Valley fever (R VF) andfor its control during outbreaks. Veterinary vaccines are the first
line of defence against R VF. Existing live and inactivated vaccines have been used
extensively in Africa but further development of both is warranted. The live virus vaccine
may cause abortion and its potential for reversion to virulence has not been adequately
investigated. It should be used only in enzootic and epizootic areas. The inactivated
vaccines are effective and safe, but they are more expensive and at least 2 doses must be
given. They are currently produced only in Egypt and South Africa. Diagnosis ofR VF is
made by isolation of virus or demonstration ofan elevated serum antibody titre. Reference
laboratories are available to assist in the diagnosis. In the event ofan outbreak ofR VF, the
appropriate international authorities should be notified and immunization of livestock
should be carried out according to the guidelines described herein. Movement of animals
should be controlled during epizootics. Guidelinesfor actionfor neighbouring countries are
also given. The immunization policies recommended for sub-Saharan Africa differ from
thosefor areas beyond the enzootic range, where use ofkilled vaccine only is recommended.
The enzootic and epizootic areas in East Africa are characterized according to their
ecology. The description serves as a predictive guidefor otherparts ofAfrica and can aid in
setting immunization policy. Recommended WHO specifications are given for the
inactivated RVF vaccine, including description of substrates, seed virus, potency, and
safety testing. Future research needs include experiments on potency, thermal stability,
adjuvants, immunity, virus markers, and genetic stability. Longer-term vaccine develop-
ment envisages reassortant vaccines, gene cloning to produce recombinant DNA products,
and synthetic polypeptide vaccines.

Immunization of sheep and cattle against Rift
Valley fever (RVF) was initially contemplated shortly
after the first description in 1931 of the disease and
the virus that caused it. In 1936, RVF virus was
attenuated by intracerebral passage of pantropic virus
in mice that had been passively immunized with RVF
serum. The resulting strain no longer killed mice

* This Memorandum was drafted by the signatories listed on
p. 267 on the occasion of a meeting held in New Haven, Connecticut,
USA, in March 1982. Requests for reprints should be addressed to
Chief, Virus Diseases, World Health Organization, 1211 Geneva 27,
Switzerland. A French translation will appear in a future issue of the
Bulletin.

except when inoculated into the brain and was neuro-
adapted (neurotropic) to mice. These experiments
and subsequent studies demonstrated that the
neurotropic virus was attenuated for mice, monkeys,
and sheep if inoculated subcutaneously, but that it
killed monkeys and sheep if inoculated intra-
cerebrally.
The first recorded field use of the neurotropic

mouse brain vaccine was during an outbreak of RVF
in sheep in Kenya in 1937. The trial used a dose of
20 000 LD5o of 92nd passage neurotropic virus, which
was found to protect sheep over 6 weeks of age, with
some abortions being noted.
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In 1949, Smithburn (1) reported that an attenuated
RVF virus could be derived from the pantropic virus
by serial intracerebral passage in mice. Passive immu-
nization of the mice was not a prerequisite. He ob-
served that the attenuated vaccine sometimes caused
abortion in sheep, and that immunity was transferred
to lambs of immunized ewes.
Although experience in Kenya demonstrated that a

live attenuated vaccine was effective, no such vaccine
was available during the large RVF epizootic in South
Africa in 1950-51. The Onderstepoort Veterinary In-
stitute, however, initiated production and in 1952,
1 000 000 doses were distributed in South Africa. The
vaccine consisted of the 102nd mouse passage of the
Smithburn strain, lyophilized with 1007o mouse brain.
The following year, an additional 50 egg and 16
mouse passages were carried out in an effort to
attenuate further the neurotropic vaccine. This fur-
ther attenuated vaccine was used between 1953 and
1958. However, it was later demonstrated that the
standard 102nd passage vaccine was a better immuno-
gen and therefore production of the standard vaccine
was resumed after 1958.

Since 1971, the Smithburn vaccine (hereafter re-
ferred to as modified live virus vaccine or MLVV) has
been produced in hamster BHK-21 cells instead of
mouse brain. This vaccine can be made inexpensively
and in large quantities. Between 1952 and 1973,
10 000 000 doses were used and between November
1974 and May 1975, 18 000 000 doses were distri-
buted in South Africa.

Since 1960, the MLVV has also been used in Kenya.
Sheep and cattle have been found to respond well to
the vaccine in that virtually all animals resist natural
challenge with RVF virus.

In 1977, Barnard & Botha (2) developed and tested
a formalin-killed vaccine. This vaccine was produced
from pantropic virus grown in BHK-21 cells. Anti-
body was consistently raised in cattle and less consis-
tently in sheep. Vaccinated animals resisted chal-
lenge, in some cases even when no antibody could be
demonstrated using mouse neutralization tests. In
field trials during an outbreak of disease, the vaccine
was effective, although a small number of deaths and
abortions occurred on natural challenge in immu-
nized sheep. The killed vaccine was also used exten-
sively in Israel and produced haemagglutination-
inhibition antibody in most sheep and cattle. Another
killed vaccine (3) was recently developed in CER cells
in Egypt and is reported to be effective.

It is clear that veterinary vaccines have been the
first line of defence against RVF. Immunization of
sheep and cattle not only protects these animals, but
also prevents amplification of the virus and therefore
protects the human population. Vaccines can now be
produced inexpensively in large quantities, but fur-
ther research and development of live attenuated and

killed vaccines is needed to confirm the safety of the
attenuated vaccine and to improve the efficacy of
both.

ADVANTAGES OF LIVE VERSUS
INACTIVATED RVF VETERINARY VACCINES

Live virus vaccine

The MLVV for veterinary use is inexpensive, can be
produced in large volume, and gives long-lasting pro-
tection to sheep and cattle (although reimmunization
may be necessary). The vaccine has good storage
qualities if lyophilized and does not require an adju-
vant. MLVV can be administered in a single inocu-
lation which induces at least some protection in
6-7 days; the offspring of immunized animals are pro-
tected for about five months.
There are major practical and theoretical reasons

for not using a live vaccine in non-endemic RVF zones
and in some endemic zones. Lambs immunized at
under 6 weeks of age have a low incidence of encepha-
litis and ewes immunized shortly before giving birth
may produce encephalitic lambs. In addition, MLVV
induces abortion in a small percentage of pregnant
ewes (but not usually in cattle) and may cause fetal
abnormalities. Under field conditions, the fetal
wastage in South African sheep was found to be
minimal. The live RVF vaccine requires refrigeration
and thus a cold-chain must be maintained for optimal
efficacy.

There is a theoretical objection to use of a live
attenuated vaccine, since such a vaccine might revert
to virulence for cattle, sheep, or man. At present,
there is no published evidence that reversion occurs,
but the possibility has not been extensively explored.

In addition, the live vaccine has the capacity to
cause viraemia in vaccinated sheep, and therefore
arthropods feeding on these animals may become
infected and transmit the disease to domestic animals
or man. However, in tests to date, the viraemia levels
in sheep and cattle have been low, and infection of
mosquitos has not been demonstrated under field
conditions. It can be speculated that the vaccine virus
might infect an animal or arthropod already infected
with another phlebovirus. Viruses in the genus
Phlebovirus have three RNA segments which may
reassort if they coinfect the same cell. It is possible,
though not likely, that the resultant reassortant virus
could have increased virulence.

Inactivated virus vaccines

The inactivated vaccines do not induce abortion,
but they must be readministered annually to ensure
adequate protection. A primary course of two inocu-
lations is needed, although animals receiving a single
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inoculation may have some protection against the
disease and viraemia. The vaccine is available from
South Africa in liquid form adsorbed to aluminium
hydroxide adjuvant, and since it cannot be lyophi-
lized it has a short shelf-life, possibly less than 6
months. The inactivated vaccine does not contain live
virus and cannot therefore revert to virulence or re-
assort with related phleboviruses.
Although the inactivated vaccine protects against

disease, a single dose does not always prevent
viraemia or fetal damage after challenge. An experi-
mental vaccine produced in the USA has been used in
sheep and cattle. Nearly 10007o of pregnant ewes
inoculated with a single dose of vaccine aborted or
produced dead fetuses following challenge with a
virulent strain of RVF virus. The vaccine was effec-
tive only if two doses were administered (4-6).

In pregnant cows, 92% of those inoculated twice
had live fetuses after challenge. Even though most of
the immunized cows appeared clinically healthy, a
short-term, low-level viraemia was detected and RVF
virus was isolated from tissues of some of the dams
and/or fetuses. Rift Valley fever virus could not be
detected in 7 of 19 live-born fetuses at post-mortem,
even though the virus was isolated from organs of
their dams at necropsy; four of the dams that
produced negative fetuses had developed viraemia
(4-6).

Experiments to increase the antibody response to
inactivated vaccine by incorporating new adjuvants
have shown promise. An inactivated vaccine incor-
porating an adjuvant developed in Israel was tested
in indigenous Israeli sheep. Haemagglutination-
inhibition titres in sheep receiving the vaccine were
1:20 480 or greater. Sheep receiving the same vaccine
without adjuvant responded with titres of between
1:40 and 1:320.

REFERENCE SERVICES

The Rift Valley fever inactivated vaccine for veter-
inary use is currently produced in two countries,
Egypt and South Africa.

There are several reference laboratories which can
confirm the identity of suspected Rift Valley fever
virus specimens, and can perform plaque reduction
neutralization tests. They also collect and supply
information to the Food and Agriculture Organiz-
ation (FAO) and the World Health Organization
(WHO) for dissemination. In Africa, the Veterinary
Research Institute (PO Kabete, Kenya) and the
Egyptian Organization for Biological Products and
Vaccines (Agouza, Egypt) offer facilities for virus
identification and serological testing. The Yale
Arbovirus Research Unit (Box 3333, New Haven,
CT 06510, USA) accepts human sera for serological

diagnosis; it distributes diagnostic antigen for agar
gel precipitation, haemagglutination-inhibition, and
complement-fixation tests, and supplies a positive
control rabbit serum. The US Army Medical Re-
search Institute for Infectious Diseases (Fort Detrick,
Frederick, MD 21701, USA) carries out plaque reduc-
tion neutralization tests and virus identification. In all
cases the reference laboratories are subject to the re-
strictions of their national quarantine authorities on
importation of biological materials.

RECOMMENDATIONS FOR AREAS
BEYOND THE SUB-SAHARAN ENZOOTIC RANGE

A presumptive diagnosis of RVF follows the ob-
servation of clinical disease or abortions in sheep,
goats, cattle, or other disease hosts, with an identifi-
cation of RVF antigen by agar gel precipitation tests
or of antibody to RVF by any serological test.
When a presumptive diagnosis is made the follow-

ing action should be taken: (1) notify FAO, WHO or
OIE (Office international des Epizooties) and neigh-
bouring countries; (2) request FAO/WHO consul-
tants to carry out investigations of the outbreak;
(3) collect samples for submission to the RVF
reference laboratories; (4) immunize investigating
personnel; and (5) if desired, initiate prophylactic
immunization of livestock immediately, before the
definitive diagnosis is made. It is recommended that
only killed RVF vaccine be used, initially in selected
livestock.
The definitive diagnosis of RVF is accomplished by

isolation of RVF virus or the demonstration of a
diagnostic rise in titre of specific RVF neutralizing
antibody in sera from affected animals and human
subjects, and confirmation by the reference labora-
tory. Confirmation is important because the diag-
nosis can be confounded by non-specific or cross-
reacting substances in the sera.
When a definitive diagnosis has been made, the fol-

lowing action should be taken: (1) apply items (I)-(4)
above; (2) define the infected areas; (3) establish
quarantine measures and control movement of
animals; (4) apply the emergency plans drawn up by
the FAO/Expert Consultation on Emergency Disease
Control (The WHO Consultation on Strategies for
Emergencies and Guidelines for the Prevention and
Control of RVF contain detailed plans of action); and
(5) immunize livestock.

Inactivated vaccine is to be used in infected areas
and ecologically similar adjacent zones. Priority is to
be given to the immunization of livestock at artificial
insemination centres or at diagnostic or research
centres, herds or flocks of special genetic value, and
livestock in defined receptive biotopes. Livestock at
artificial insemination centres or of special genetic
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value throughout the country should be immunized.
Sheep and dairy cattle are to be given priority
followed by goats, beef cattle, and possibly water
buffalo and camels.

In the event of a major epizootic for which insuffi-
cient inactivated RVF vaccine is available, consider-
ation should be given to the use of modified live virus
vaccine in the infected area. FAO and WHO may

assist in making this decision.
The following recommendations apply to neigh-

bouring countries: (1) establish diagnostic and dis-
ease surveillance for man and animals; (2) carry out
selective immunization with inactivated vaccine with
priorities as above; and (3) control all animal move-
ments at the borders.

RECOMMENDATIONS FOR SUB-SAHARAN AFRICA

Choice of vaccine

RVF vaccine suitable for use in less developed
countries should be inexpensive and easily made. It is
desirable that the vaccine be suitable for cattle, sheep,
and goats and stable on storage under laboratory and
field conditions. The immunity it produces should be
rapid in onset and of reasonable duration and, if pos-
sible, there should be an adequate transfer of colos-
tral antibody to protect the newborn during the sus-
ceptible early postnatal period.
The Smithburn attenuated live virus vaccine

(MLVV) answers many of the requirements, and cer-

tainly that of cost-effectiveness.

Animals at risk

The strains and breeds of domestic ruminants
exotic to the African continent are highly susceptible
to RVF. The breeds of wool or mutton sheep from
Europe are particularly susceptible and the exotic
breeds of cattle are more susceptible than the indi-
genous varieties. The high production potential of
these breeds has led to their being kept in the areas of
higher rainfall which are involved in RVF epizootics.
All such stock should be immunized against RVF.
The management of most flocks of sheep allows for
this to be carried out at a time when no animals are
pregnant. Cattle should be routinely immunized
before the heavy seasonal rains.

Similar immunization cover is recommended for
the early crosses from the exotic stock with the indi-
genous sheep or cattle. These are frequently main-
tained as production animals in the epizootic areas.
Some of the indigenous zebu cattle and hair breeds

of sheep and goats, which are kept throughout
Africa, are comparatively resistant to RVF. Most are
found in the drier pastoral areas which are rarely
affected by RVF epizootics. A decision on whether to

immunize such stock must be based upon information
as to their susceptibility and the occurrence of
epizootic RVF in the area. An annual immunization
programme in marginal or non-epizootic areas
cannot be justified, but could be carried out in the
face of an epizootic.

The definition of epizootic areas for R VF

An immunization programme must be based upon
the degree of challenge to be expected in any par-
ticular area. Clearly there is nothing to be gained by
immunizing animals that are not likely to be exposed
to the disease. Efforts have been made to define the
distribution of epizootic RVF in Kenya by serological
surveys in the immediate post-epizootic periods (7,
F. G. Davies, unpublished observation, 1981). The
principal disease hosts, cattle and sheep, were sur-
veyed, and the findings expressed in ecological
terms (8).
The resulting classification, outlined below, applies

to East Africa and provides a basis for comparison
with other parts of Africa. Table 1 relates the eco-
logical zones to RVF transmission and to vaccine
needs.

Ecological zone II covers equatorial climatic zones
of humid to subhumid nature, with moisture indices
of not less than - 10. These are the tropical forests
with natural or derived grasslands and bushlands.
This high-potential agricultural land of the East
African highlands includes the coastal belt and
riverine forest extending inland. RVF appears to be
enzootic in such zones in Kenya.

Ecological zone III comprises the moist woodlands
or bushlands and wet tropical grasslands or savanna,
which are found in many parts of Africa. Such land is
not forested but has a variety of trees and evergreen
shrubs. The moisture indices are from - 10 to - 30.

Table 1. Sub-Saharan natural ecological zones, RVF
activity, and immunization recommendations

Immunization
Ecological Enzootic Epizootic recomn-

zone activity potential mendation

Mountain no no no

11 Forest-derived
grassland yes yes yes

III Bush savanna ? yes yes

IV Acacia
grassland yes yes

grassland ?no possible noa
VI Semi-desert no very unlikely noa

a Animals should be immunized in the face of an epizootic.
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RVF extends throughout such areas in epizootics but
it is not known whether there are enzootic foci.

Ecological zone IV is the Acacia woodland asso-
ciated with Themeda-dominated bushed grasslands.
These may be semi-evergreen or deciduous bushland
of a secondary character. The moisture indices are
- 30 to - 42. The grasslands provide highly produc-
tive extensive grazing for both cattle and sheep, and
these animals are at risk in years of RVF epizootics.

Ecological zone V covers the arid Commiphora-
dominated bushed grasslands with moisture indices
- 42 to - 51. Such areas are not usually involved in
the RVF epizootics but some evidence of challenge
has been found in cattle and camels kept near riverine
forest extending into these zones. On one occasion,
after excessively heavy rains, there was evidence of
seroconversion in parts of zone V.

Ecological zone VI. The very dry rangeland with
moisture indices - 51 to - 57 has not been involved in
RVF epizootics in Kenya. Such semi-desert areas of
dry thorn bush and scrub are characteristic of much
of Ethiopia and Somalia. Local conditions might
occasionally support epizootic transmission of RVF
in exceptionally wet seasons, as was found with
zone V, but there is, as yet, no evidence for this.

Other potential epizootic areas. Irrigation schemes
developed alongside river systems may create suitable
epizootic RVF conditions in hitherto unsuitable
areas. RVF outbreaks have been seen in such areas of
Egypt and the Sudan.

Immunization regimes

Known R VF epizootic areas. Annual immu-
nization with MLVV is recommended for all exotic
cattle, sheep, and goats kept in such high-risk areas.
The cross-bred animals derived from such exotic
stock should also be immunized.

Marginal or rarely affected R VF areas. At the per-
iphery of the known RVF zones are drier bushed or
savanna grasslands, which have occasionally been
involved in RVF epizootics. An annual immunization
programme cannot be justified in such areas, but con-
sideration should be given to establishing immu-
nization cover in the face of an epizootic.
Most animals kept in such areas are of the in-

digenous zebu-type cattle or hair breeds of sheep and
goats, which are comparatively resistant to RVF. In
the absence of information establishing the relative
susceptibility of these breeds it is difficult to make
precise recommendations.

Pre-epizootic immunization. The exact meteoro-
logical conditions predisposing to RVF epizootics
have not been determined. Field observations in sub-
Saharan Africa over many years have indicated that

excessive rain after a period of comparative drought is
often associated with an epizootic. It may be possible
to identify these pre-epizootic conditions in time to
develop good immunization cover before the epi-
zootic becomes established.
The occurrence of epizootic RVF in sub-Saharan

Africa should alert the authorities in Egypt, the
Sudan, and neighbouring areas to step up surveillance
for RVF or even to immunize high-risk stock.

RECOMMENDED SPECIFICATIONS AND
ADDITIONAL RESEARCH REQUIREMENTS FOR
INACTIVATED RVF VACCINES FOR ANIMAL USE

The need for safe, potent, inactivated RVF vac-
cines for animal use has been described. This type of
product is currently in use in epizootic areas of Africa
and in threatened adjacent areas. In this section,
specifications are outlined for production, safety,
and potency of the product. These are the minimum
requirements and do not preclude additional testing
and control. In addition, requirements for research
relating to vaccine potency and immunity are set
forth.

Product requirements

Inactivated RVF vaccine is the cell culture origin
product of RVF virus, inactivated by formalin or
other agents, and used either with or without adju-
vants.

Substrate and media

Although a variety of cell culture substrates are
potentially useful for the production of inactivated
RVF veterinary vaccines, the two cell lines in current
use are BHK-21 cells (hamster origin) and CER cells
(2,3). This does not preclude the use of other cell cul-
ture systems, but there is already substantial experi-
ence with these two.
Media for these cells usually consist of Eagle's

minimum essential medium with Earle's balanced salt
solution and a source of serum. Serum and media
should be tested for sterility and for antibody to RVF
virus.

Cell cultures to be used for vaccine production
should be demonstrably free from observable cyto-
pathic effects prior to inoculation, and two flasks of
cells should serve as uninoculated controls. Following
inoculation of virus, the fluids are harvested when
optimal yields of antigen may be anticipated. The un-
inoculated control cultures should be tested for haem-
adsorbing agents by standard methods.

Additional tests. Approximately 0.03 ml of cell
culture control fluids should be inoculated intra-
cranially into each member of two families (7-8
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animals) of 1-2-day-old suckling mice. Adult mice
should be inoculated with 0.5 ml of these fluids, intra-
peritoneally, and ten 8-day embryonated chicken
eggs should be inoculated in the yolk sac with 0.25 ml
of control fluids. Mycoplasma testing should be per-
formed with standard PPLO broth, held at 36 °C for
7 days. Bacteriological testing should also be per-
formed.

Seed virus

A seed lot system for vaccine virus will be followed
using primary and secondary virus seeds. WHO will
obtain a standard seed virus which will be appro-
priately certified and provided in freeze-dried form. It
will be distributed to interested producers together
with all relevant test documentation. Primary and
secondary seeds will be derived from this virus and
vaccine should be not more than three passages from
the standard seed virus.

Potency and potency testing
Infectivity. The virus culture should have an infec-

tivity titre of at least 7.0 logio per ml as measured in a
suckling mouse titration using 2 families of 7-8 mice
each per serial 10-fold dilution. An equivalent assay
may be used provided the sensitivity of the assay
system relative to the suckling mouse assay can be
demonstrated.

Antigen extinction assay. The in vivo potency test
to be performed on the final product will consist of a
two-stage, adult mouse antigen extinction test. Serial
5-fold dilutions of vaccine should be prepared and
0.5 ml of each dilution inoculated intraperitoneally
into 10 mice, aged 42 days or older. The mice should
be challenged 14 days later with approximately
5-6 logio of an appropriate challenge virus given sub-
cutaneously. The challenge virus should be a different
isolate or strain than the vaccine virus.

Following the results of this preliminary testing, a
second, single inoculation assay should be performed
using serial 2-fold dilutions of vaccine over a dilution
range designed to include the anticipated 50% end-
point of the test. These data should be plotted on
probit paper and the confidence limits of the assay
determined.
The PD5o of the vaccine should not exceed 0.02 ml.

Safety testing

The following safety tests are to be performed on
each lot of vaccine:

Sheep. Neutralizing antibody-negative, susceptible
adult sheep or lambs, if available, should be inocu-
lated with 10 ml of final product by the intraper-
itoneal route. They should be observed daily for
7 days, their temperatures recorded, and blood with-

drawn twice daily. The serum is to be tested for virus
by inoculation into adult mice, hamsters, or cell cul-
tures.

Suckling mice and hamsters. Either five families of
suckling mice (7-8 mice each) should be inoculated
intracerebrally with 0.03 ml of vaccine per mouse,
and observed for 14 days; or two families of suckling
mice should be tested along with 5 hamsters inocu-
lated with 1 ml per hamster by the intraperitoneal
route.

Virus inactivation. The inactivation curve for RVF
virus should be determined in advance; the period of
virus inactivation should be three times the antici-
pated inactivation period.

Clarification ofproduct
The vaccine should be clarified by centrifugation or

filtration.

Adjuvant

Aluminum hydroxide may be used as an adjuvant
in a final concentration of 0.5-1.007o of the final
product.

Freeze-drying
The freeze-dried product should have a residual

moisture level of less than I 'Vo.

RESEARCH REQUIREMENTS

Vaccine potency

Although a reproducible antigen extinction test can
be performed in mice, this merely provides a number
that allows comparisons of different lots of vaccine.
Additional research is required to relate the mouse
potency to neutralizing antibody responses in sheep
and cattle. These responses must then be related to
immunity as determined in challenge experiments
measuring viraemia, fever and other clinical signs,
protection of the fetus, and persistence of virus.

Adjuvants

Additional experimental studies of inactivated vac-
cines are required using new adjuvants, including
materials such as muramyl dipeptide derivatives
and oil adjuvants. Liquid-state and freeze-dried
vaccine-adjuvant combinations should be assessed in
sheep or other suitable immunization models.

Duration of immunity
Retrospective and prospective studies on the dur-

ation of immunity following one or more immu-
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nizations with inactivated or live-attenuated vaccines
are required in sheep and cattle. Neutralizing anti-
body responses and challenge studies should be per-
formed where appropriate.

Maternal antibody

There is a need to carry out studies of antibody
titres in sheep and cattle and their offspring to assist in
projecting their level of immunity. The interference
of maternal antibody with vaccine response should be
studied.

In vitro vaccine potency test

There is an urgent need for a rapid, reproducible
in vitro potency test for inactivated RVF vaccine.

Markers and genetic stability of the Smithburn
modified live virus vaccine

Markers are needed for the MLVV; character-
ization with monoclonal antibodies and oligonucleo-
tide mapping would partly satisfy this need. In
addition, the vaccine should be cloned and the genetic
stability of clones determined since reversion to viru-
lence is a threat of undetermined potential, should the
vaccine be used in areas where RVF is not circulating
at the time of immunization.

Development ofnew R VF vaccines

Naturally occurring strains of RVF should be
examined for possible attenuation markers and use as
live virus vaccine candidates.
Among the other possibilities envisioned for novel

RVF vaccines is a reassortant vaccine using genome
segments from the 3-segmented RVF virus combined
with genomic segments from related viruses in a
model virus with the protective antigenic properties of
RVF (directed by the middle-sized segment), but lack-
ing genetic information for virulence. Alternatively,
it may be possible, using mutagenesis, to produce a
lesion in the large or small segments that will reassort
with the middle-sized segment to yield a stable attenu-
ated vaccine devoid of abortigenicity. Other viruses
of the Bunyaviridae family are capable of forming re-
assortants under experimental conditions in the
laboratory.

Another avenue for vaccine development is cloning
of genetic information for the immunogenic mem-
brane protein into a bacterium able to produce it in
abundance. Large quantities of RVF immunogen
could possibly be produced by fermentation tech-
nology, probably at very low cost.
A final possibility is a synthetic vaccine made from

small polypeptides comprising the epitopes or reac-
tive sites for neutralizing or other protective anti-
bodies. These small polypeptides would either be
linked together as polymers or attached to an appro-
priate carrier molecule. Alternatively, some might be
used with an adjuvant with properties similar to those
of Freund's complete adjuvant.
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