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RECOMBINANT RIFT VALLEY FEVER (RVF) 
VIRUSES AND METHODS OF USE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is the U.S. National Stage of International Application 
No. PCT/US2008/087023, filed Dec. 16, 2008, which was 
published in English under PCT Article 21(2), which claims 
the benefit of U.S. Provisional Application No. 61/016,065, 
filed Dec. 21, 2007, and U.S. Provisional Application No. 
61/042.987, filed Apr. 7, 2008, each of which is herein incor 
porated by reference in their entirety. 

FIELD 

This disclosure concerns recombinant RVF viruses com 
prising deletions in viral virulence genes. These recombinant 
viruses can be used as vaccines to prevent RVF virus infec 
tion. This disclosure further relates to a reverse genetics sys 
tem used to generate recombinant RVF viruses. 

BACKGROUND 

Rift Valley fever (RVF) virus (family Bunyaviridae, genus 
Phlebovirus) is a mosquito-borne pathogen of both livestock 
and humans found throughout Africa and more recently the 
Arabian peninsula. Historically, RVF virus has been the cause 
of either low-level endemic activity or large explosive epi 
Zootics/epidemics of severe disease throughout its range 
(Findlay et al., Lancet ii: 1350-1351, 1931; Jouan et al., Res. 
Virol. 140:175-186, 1989; Ringot et al., Emerg. Infect. Dis. 
10:945-947, 2004: Woods et al., Emerg. Infect. Dis. 8:138 
144, 2002). RVF outbreaks are characterized by economi 
cally disastrous “abortion storms with newborn animal mor 
tality approaching 100% among livestock, especially sheep 
and cattle (Coetzer et al., J. Vet. Res. 49:11-17, 1982; Easter 
day et al., Am. J. Vet. Res. 23:470-479, 1962: Rippy et al., Vet. 
Pathol. 29:495-502, 1992). 
Human infections typically occur either from an infected 

mosquito bite, percutaneous/aerosol exposure during the 
slaughter of infected animals, or via contact with aborted fetal 
materials. Human RVF disease is primarily a self-limiting 
febrile illness that in a small percentage (about 1-2%) of cases 
can progress to more serious and potentially lethal complica 
tions including hepatitis, delayed onset encephalitis, retinitis, 
blindness, or a hemorrhagic syndrome with a hospitalized 
case fatality of 10-20% (Madani et al., Clin. Infect. Dis. 
37: 1084-1092, 2003; McIntosh et al., S. Aft: Med. J. 58:03 
806, 1980). Excessively heavy rainfall in semi-arid regions 
often precedes large periodic outbreaks of RVF virus activity, 
allowing for the abundant emergence of transovarially 
infected Aedes spp. mosquitoes and Subsequent initiation of 
an outbreak by transmission of virus to livestock and humans 
via infected mosquito feeding (Linthicum et al., Science 285: 
397-400, 1999; Swanepoel et al., Contributions to Epidemi 
ology and Biostatistics 3:83-91, 1981). The association with 
abnormally heavy rains provides some ability to predict peri 
ods and regions of high disease risk, which in turn provides a 
potential window of opportunity for targeted vaccination pro 
grams ifa safe, inexpensive and highly efficacious single dose 
vaccine were available. 
The ability of RVF virus to cross international and geo 

graphic boundaries and strain Veterinary and public health 
infrastructures is well documented. In 1977, RVF virus was 
reported for the first time north of the Sahara desert where an 
extremely large outbreakaffecting more than 200,000 people 
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2 
occurred along the Nile River basin in Egypt (Meegan et al., 
Contributions to Epidemiology and Biostatistics 3:100-113, 
1981). Approximately ten years later in 1987, a large outbreak 
occurred in western Africa along the border of Mauritania and 
Senegal affecting an estimated 89,000 individuals (Jouan et 
al., Res. Virol. 140:175-186, 1989). Later, the virus was iso 
lated for the first time outside of Africa (across the Red sea) in 
Saudi Arabia and Yemen and was found to be the cause of a 
large epizootic/epidemic in 2000 with an estimated 2000 
human cases and 245 deaths (Anonymous, Morb. Mortal. 
Wkly. Rep. 49:982-5, 2000; Centers for Disease Control and 
Prevention, Morb. Mortal. Wikly. Rep. 49:1065-1066, 2000; 
Shoemaker et al., Emerg. Infect. Dis. 8:1415-1420, 2002). 
Most recently, in late 2006 to early 2007, following heavy 

rainfall in eastern Africa, RVF virus emerged as the cause of 
a widespread outbreak that eventually resulted in 1062 
reported human cases and 315 reported deaths. Associated 
with the outbreak were Substantial economic losses among 
livestock in Southern Somalia, Kenya, and northern Tanzania 
(Anonymous, Morb. Mortal. Wikly. Rep. 56:73-76, 2007). The 
ability of RVF virus to cause explosive outbreaks in previ 
ously unaffected regions accompanied by high morbidity and 
mortality during RVF epizootics/epidemics highlights the 
importance of developing high throughput screening tools for 
potential antiviral therapeutic agents and the development of 
safe and efficacious vaccines for this significant veterinary 
and public health threat. 

SUMMARY 

Disclosed are RVF viruses that are highly attenuated, 
immunogenic and contain precise molecular markers allow 
ing for the differentiation of naturally infected and vaccinated 
animals (DIVA). Provided herein are recombinant RVF 
viruses, wherein the genome of the recombinant RVF viruses 
comprise (i) a full-length L segment; (ii) a full-length M 
segment oran M segment comprising a complete deletion of 
the NSm open reading frame (ORF); and (iii) an S segment 
comprising a complete deletion of the NSS ORF. In one 
embodiment, the NSS ORF of the recombinant RVF virus is 
replaced by the ORF of a reporter gene. 

Also provided are immunogenic compositions comprising 
one or more of the recombinant RVF viruses described herein 
and a pharmaceutically acceptable carrier. Further provided is 
a method of immunizing a subject against RVF virus infec 
tion, comprising administering to the Subject an immuno 
genic composition disclosed herein. The immunogenic com 
positions can be used for vaccination of livestock or humans. 

Further provided is a collection of plasmids comprising (i) 
a plasmid encoding a full-length anti-genomic copy of the L 
segment of RVF virus; (ii) a plasmid encoding a full-length 
anti-genomic copy of the M segment of RVF virus, or an 
anti-genomic copy of the M segment of RVF virus compris 
ing a complete deletion of the NSm ORF; and (iii) a plasmid 
encoding an anti-genomic copy of the S segment of RVF 
virus, wherein the S segment comprises a complete deletion 
of the NSS ORF. In some embodiments, the plasmids further 
comprise a T7 promoter and a hepatitis delta virus ribozyme. 
In one example, the NSS ORF of the S segment plasmid is 
replaced by the ORF of a reporter gene. Such as a green 
fluorescent protein. Also provided are isolated host cells com 
prising a collection of plasmids provided herein. 

Further provided is a method of preparing a recombinant 
RVF virus for immunization of a subject, comprising (i) 
transfecting cultured cells with the collection of plasmids 
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described herein; (ii) incubating the cells for 1 to 5 days; and 
(iii) collecting recombinant RVF virus from the cell superna 
tant. 

Also provided are recombinant RVF viruses, wherein the 
genome of the recombinant RVF viruses comprise a full 
length L segment, a full-length M segment and a full-length S 
segment, wherein the S segment further encodes the ORF of 
a reporter gene. 
A reverse genetics system for producing recombinant RVF 

virus is also provided. The reverse genetics system consists of 
three plasmids, a plasmid that encodes an anti-genomic copy 
of an S segment, a plasmid that encodes an M segment and a 
plasmid that encodes an L segment of RVF virus, wherein 
each plasmid comprises a T7 promoter and a hepatitis delta 
virus ribozyme. Further provided are recombinant RVF 
viruses produced using the reverse genetics system described 
herein. 

The foregoing and other features and advantages will 
become more apparent from the following detailed descrip 
tion of several embodiments, which proceeds with reference 
to the accompanying figures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1A is a schematic depiction of the rRVF clNA plas 
mid constructions used to generate the rRVF virus stocks. 
FIG. 1B is a series of images showing direct live cell LTV 
imaging of Vero E6 cells 24 hours after infection with each 
recombinant rRVF virus (expressing eGFP). FIG. 1C is a 
series of images showing Vero E6 cells 24 hours after infec 
tion with rRVF-NSs-(Ala),GFP or rRVF-NSs(Ala)GFP 
viruses at an MOI of 1. Cells were fixed and stained with 
monoclonal antibodies specific foreGFP, RVFNSs and coun 
terstained with DAPI to confirm intranuclear co-localization 
of eGFP and NSS. 

FIG. 2 is a graph showing the results of anti-RVF virus total 
IgG adjusted SUM, ELISA testing of all vaccinated (40) 
and sham inoculated (5) control animals at day 26 post 
immunization. A positive/negative cut-off value was estab 
lished as the mean+3 standard deviations of the sham inocu 
lated SUM values (open circles-dashed line). 
S=Significant differences between vaccinated and control 
groups (p-value <0.05). 

FIGS. 3A-3D area series of images showing representative 
results of indirect fluorescent testing of serum collected from 
(A) WF rats surviving challenge with RVF virus; (B) vacci 
nated WF rats (day 26 post-vaccination); (C) negative control 
sham inoculated rats (day 26 post-vaccination); and (D) natu 
rally infected convalescent livestock (goat) sera obtained dur 
ing the RVF virus outbreak in Saudi Arabia in 2000. The 
presence of anti-NP antibodies (left panels) and anti-NSs 
antibodies (right panels) is detected using Vero E6 cells 
expressing either NP or NSs, respectively. To confirm intra 
nuclear accumulation of anti-NSS antibody, cells were coun 
terstained with DAPI. 

FIGS. 4A and 4B are tables showing data obtained from a 
vaccination pilot study (A) and challenge study (B). 

FIG. 5 is a plasmid map of pRVS. 
FIG. 6 is a plasmid map of pRVM. 
FIG. 7 is a plasmid map of pRVL. 
FIG. 8 is a plasmid map of pRVS-GFPANSs. 
FIG.9 is a plasmid map of pRVMANSm. 

SEQUENCE LISTING 

The nucleic and amino acid sequences listed in the accom 
panying sequence listing are shown using standard letter 
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4 
abbreviations for nucleotide bases, and three letter code for 
amino acids, as defined in 37 C.F.R. 1.822. Only one strand of 
each nucleic acid sequence is shown, but the complementary 
strand is understood as included by any reference to the 
displayed Strand. The Sequence Listing is submitted as an 
ASCII text file, created on Jun. 18, 2010, 60.26 kB, which is 
incorporated by reference herein. In the accompanying 
sequence listing: 
SEQID NO: 1 is the nucleotide sequence of the S segment 

of wild-type RVF virus strain ZH501, deposited under Gen 
bank Accession No. DQ380149 on Jan. 31, 2007. 
SEQID NO: 2 is the nucleotide sequence of the M segment 

of wild-type RVF virus strain ZH501, deposited under Gen 
bank Accession No. DQ380200 on Jan. 31, 2007. 
SEQID NO:3 is the nucleotide sequence of the L segment 

of wild-type RVF virus strain ZH501, deposited under Gen 
bank Accession No. DQ375406 on Jan. 31, 2007. 
SEQID NO. 4 is the nucleotide sequence of primer RVS 

35/KpnI. 
SEQID NO: 5 is the nucleotide sequence of primer RVS+ 

827/BglII. 
SEQID NO: 6 is the nucleotide sequence of primereGFP+ 

1/KpnI. 
SEQID NO: 7 is the nucleotide sequence of primereGFP 

720/BglII. 
SEQID NO: 8 is the nucleotide sequence of primer RVS 

829rev/KpnI. 
SEQID NO: 9 is the nucleotide sequence of primer NSS 

GFP-10A1a/Fwd. 

SEQID NO: 10 is the nucleotide sequence of primer NSs 
GFP-10A1a/Rev. 

SEQ ID NO: 11 is the nucleotide sequence of plasmid 
pRVS. 
SEQ ID NO: 12 is the nucleotide sequence of plasmid 

pRVM. 
SEQ ID NO: 13 is the nucleotide sequence of plasmid 

pRVL. 
SEQ ID NO: 14 is the nucleotide sequence of plasmid 

pRVS-GFPANSs. 
SEQID NO: 15 is the nucleotide sequence of the plasmid 

pRVMANSm. 

DETAILED DESCRIPTION 

I. Abbreviations 

BSL Bio-safety level 
CPE Cytopathic effect 
DIVA Differentiation of naturally infected and vaccinated animals 
eGFP Enhanced green fluorescent protein 
HRP Horseradish peroxidase 
IFA Immunofluorescence assay 
LD Lethal dose 
MOI Multiplicity of infection 
NP Nucleoprotein 
NS Non-structural 
OIE Office International des Epizooties 
ORF Open reading frame 
PFU Plaque-forming unit 
PRNT Plaque reduction neutralization tilters 
RNA Ribonucleic acid 
RT-PCR Reverse transcriptase polymerase chain reaction 
RVF Rift Valley fever 
SQ Subcutaneously 
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USDA United States Department of Agriculture 
WF Wistar-furth 
WOAH World Organization for Animal Health 

5 

II. Terms 

Unless otherwise noted, technical terms are used according to 
to conventional usage. Definitions of common terms in 
molecular biology may be found in Benjamin Lewin, Genes 
V, published by Oxford University Press, 1994 (ISBN 0-19 
854287-9); Kendrew et al. (eds.), The Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 15 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). 

In order to facilitate review of the various embodiments of 20 
the disclosure, the following explanations of specific terms 
are provided: 

Adjuvant: A Substance or vehicle that non-specifically 
enhances the immune response to an antigen. Adjuvants can 
include a Suspension of minerals (alum, aluminum hydrox- 25 
ide, orphosphate) on which antigen is adsorbed; or water-in 
oil emulsion in which antigen solution is emulsified in min 
eral oil (for example, Freund's incomplete adjuvant), 
sometimes with the inclusion of killed mycobacteria (Fre 
unds complete adjuvant) to further enhance antigenicity 30 
Immunostimulatory oligonucleotides (such as those includ 
ing a CpG motif) can also be used as adjuvants (for example, 
see U.S. Pat. Nos. 6,194,388; 6,207,646; 6,214,806; 6,218, 
371; 6,239,116; 6,339,068; 6,406,705; and 6,429,199). Adju 
vants also include biological molecules, such as costimula- 35 
tory molecules. Exemplary biological adjuvants include IL-2, 
RANTES, GM-CSF, TNF-ct, INF-Y, G-CSF, LFA-3, CD72, 
B7-1, B7-2, OX-40L and 41 BBL. 

Administer: As used herein, administering a composition 
to a subject means to give, apply or bring the composition into 40 
contact with the Subject. Administration can be accomplished 
by any of a number of routes, such as, for example, topical, 
oral, Subcutaneous, intramuscular, intraperitoneal, intrave 
nous, intrathecal and intramuscular. 

Ambisense: Refers to a genome or genomic segments hav- 45 
ing both positive sense and negative sense portions. For 
example, the S segment of a Phlebovirus, such as Rift Valley 
fever virus, is ambisense, encoding nucleoprotein (NP) in the 
negative sense and the non-structural protein (NSS) in the 
positive sense. 50 

Animal: Living multi-cellular vertebrate organisms, a cat 
egory that includes, for example, mammals and bird. Mam 
mals include, but are not limited to, humans, non-human 
primates, dogs, cats, horses, sheep and cows. The term mam 
mal includes both human and non-human mammals. 55 

Antibody: An immunoglobulin molecule produced by B 
lymphoid cells with a specific amino acid sequence. Antibod 
ies are evoked in humans or other animals by a specific 
antigen (immunogen). Antibodies are characterized by react 
ing specifically with the antigen in some demonstrable way, 60 
antibody and antigen each being defined in terms of the other. 
“Eliciting an antibody response' refers to the ability of an 
antigen or other molecule to induce the production of anti 
bodies. 

Antigen: A compound, composition, or Substance that can 65 
stimulate the production of antibodies or a T-cell response in 
an animal, including compositions that are injected or 

6 
absorbed into an animal. An antigen reacts with the products 
of specific humoral or cellular immunity, including those 
induced by heterologous immunogens. In one embodiment, 
an antigen is a RVF virus antigen. 

Anti-genomic: As used herein, “anti-genomic' refers to a 
genomic segment of a virus that encodes a protein in the 
orientation opposite to the viral genome. For example, Rift 
valley fever virus is a negative-sense RNA virus. However, 
the S segment is ambisense, encoding proteins in both the 
positive-sense and negative-sense orientations. "Anti-ge 
nomic’ refers to the positive-sense orientation, while 
'genomic' refers to the negative-sense orientation. 

Attenuated: In the context of a live virus, the virus is 
attenuated if its ability to infect a cell or subject and/or its 
ability to produce disease is reduced (for example, elimi 
nated) compared to a wild-type virus. Typically, an attenuated 
virus retains at least some capacity to elicit an immune 
response following administration to an immunocompetent 
Subject. In some cases, an attenuated virus is capable of 
eliciting a protective immune response without causing any 
signs or symptoms of infection. In some embodiments, the 
ability of an attenuated virus to cause disease in a subject is 
reduced at least about 10%, at least about 25%, at least about 
50%, at least about 75% or at least about 90% relative to 
wild-type virus. 

Fusion protein: A protein generated by expression of a 
nucleic acid sequence engineered from nucleic acid 
sequences encoding at least a portion of two different (heter 
ologous) proteins. To create a fusion protein, the nucleic acid 
sequences must be in the same reading frame and contain to 
internal stop codons. 

Hepatitis delta virus ribozyme: A non-coding, catalytic 
RNA from the hepatitis delta virus. Ribozymes catalyze the 
hydrolysis of their own phosphodiester bonds or those of 
other RNA molecules. 

Host cell: In the context of the present disclosure, a “host 
cell' is a cell of use with the RVF virus reverse genetics 
systems described herein. A suitable host cell is one that is 
capable of transfection with and expression of the plasmids of 
the RVF virus reverse genetics system. In one embodiment, 
the host cell is a cell expressing the T7 polymerase, Such as, 
but not limited to BSR-T7/5 cells (Buchholz et al., J. Virol. 
73(1):251-259, 1999). 
Immune response: A response of a cell of the immune 

system, such as a B-cell, T-cell, macrophage or polymorpho 
nucleocyte, to a stimulus Such as an antigen. An immune 
response can include any cell of the body involved in a host 
defense response, including for example, an epithelial cell 
that secretes an interferon or a cytokine. An immune response 
includes, but is not limited to, an innate immune response or 
inflammation. As used herein, a protective immune response 
refers to an immune response that protects a Subject from 
infection (prevents infection or prevents the development of 
disease associated with infection). 

Immunogen: A compound, composition, or Substance 
which is capable, under appropriate conditions, of stimulat 
ing an immune response, such as the production of antibodies 
or a T-cell response in an animal, including compositions that 
are injected or absorbed into an animal. As used herein, as 
“immunogenic composition' is a composition comprising an 
immunogen. 

Immunize: To render a subject protected from an infectious 
disease. Such as by vaccination. 

Isolated: An "isolated’ biological component (such as a 
nucleic acid, protein or virus) has been Substantially sepa 
rated or purified away from other biological components 
(such as cell debris, or other proteins or nucleic acids). Bio 
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logical components that have been "isolated include those 
components purified by standard purification methods. The 
term also embraces recombinant nucleic acids, proteins or 
viruses, as well as chemically synthesized nucleic acids or 
peptides. 

Linker: One or more amino acids that serve as a spacer 
between two polypeptides of a fusion protein. 

Livestock: Domesticated animals reared in an agricultural 
setting as a source of food or to provide labor. The term 
“livestock' includes, but is not limited to, cattle, deer, don 
keys, goats, horses, mules, rabbits and sheep. 
ORF (open reading frame): A series of nucleotide triplets 

(codons) coding for amino acids without any termination 
codons. These sequences are usually translatable into a pep 
tide. 

Operably linked: A first nucleic acid sequence is operably 
linked with a second nucleic acid sequence when the first 
nucleic acid sequence is placed in a functional relationship 
with the second nucleic acid sequence. For instance, a pro 
moter is operably linked to a coding sequence if the promoter 
affects the transcription or expression of the coding sequence. 
Generally, operably linked DNA sequences are contiguous 
and, where necessary to join two protein-coding regions, in 
the same reading frame. 

Pharmaceutically acceptable vehicles: The pharmaceuti 
cally acceptable carriers (vehicles) useful in this disclosure 
are conventional. Remington's Pharmaceutical Sciences, by 
E.W. Martin, Mack Publishing Co., Easton, Pa., 15th Edition 
(1975), describes compositions and formulations suitable for 
pharmaceutical delivery of one or more therapeutic com 
pounds or molecules. Such as one or more recombinant RVF 
viruses, and additional pharmaceutical agents. 

In general, the nature of the carrier will depend on the 
particular mode of administration being employed. For 
instance, parenteral formulations usually comprise injectable 
fluids that include pharmaceutically and physiologically 
acceptable fluids Such as water, physiological saline, bal 
anced salt Solutions, aqueous dextrose, glycerol or the like as 
a vehicle. For Solid compositions (for example, powder, pill, 
tablet, or capsule forms), conventional non-toxic Solid carri 
ers can include, for example, pharmaceutical grades of man 
nitol, lactose, starch, or magnesium Stearate. In addition to 
biologically-neutral carriers, pharmaceutical compositions to 
be administered can contain minor amounts of non-toxic 
auxiliary Substances, such as wetting or emulsifying agents, 
preservatives, and pH buffering agents and the like, for 
example sodium acetate or Sorbitan monolaurate. 

Plasmid. A circular nucleic acid molecule capable of 
autonomous replication in a host cell. 

Polypeptide: A polymer in which the monomers are amino 
acid residues which are joined together through amide bonds. 
When the amino acids are alpha-amino acids, either the L-op 
tical isomer or the D-optical isomer can be used. The terms 
"polypeptide' or “protein’ as used herein are intended to 
encompass any amino acid sequence and include modified 
sequences such as glycoproteins. The term “polypeptide' is 
specifically intended to cover naturally occurring proteins, as 
well as those which are recombinantly or synthetically pro 
duced. The term “residue' or "amino acid residue' includes 
reference to an amino acid that is incorporated into a protein, 
polypeptide, or peptide. 

Conservative amino acid Substitutions are those Substitu 
tions that, when made, least interfere with the properties of 
the original protein, that is, the structure and especially the 
function of the protein is conserved and not significantly 
changed by Such Substitutions. Examples of conservative 
substitutions are shown below. 
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Original Conservative 
Residue Substitutions 

Ala Ser 
Arg Lys 
ASn Gln, His 
Asp Glu 
Cys Ser 
Gln ASn 
Glu Asp 
His ASn; Glin 
Ile Leu, Val 
Leu Ile: Val 
Lys Arg: Gln: Glu 
Met Leu: Ile 
Phe Met; Leu: Tyr 
Ser Thr 
Thr Ser 
Trp Tyr 
Tyr Trp; Phe 
Wal Ile: Leu 

Conservative substitutions generally maintain (a) the struc 
ture of the polypeptide backbone in the area of the substitu 
tion, for example, as a sheet or helical conformation, (b) the 
charge or hydrophobicity of the molecule at the target site, or 
(c) the bulk of the side chain. 
The Substitutions which in general are expected to produce 

the greatest changes in protein properties will be non-conser 
Vative, for instance changes in which (a) a hydrophilic resi 
due, for example, seryl or threonyl, is substituted for (or by) a 
hydrophobic residue, for example, leucyl, isoleucyl pheny 
lalanyl, Valyl or alanyl; (b) a cysteine or proline is substituted 
for (orby) any other residue; (c) a residue having an electrop 
ositive side chain, for example, lysyl, arginyl, or histadyl, is 
substituted for (or by) an electronegative residue, for 
example, glutamylor aspartyl; or (d) a residue having a bulky 
side chain, for example, phenylalanine, is substituted for (or 
by) one not having a side chain, for example, glycine. 

Preventing, treating or ameliorating a disease: “Prevent 
ing a disease refers to inhibiting the full development of a 
disease. “Treating refers to a therapeutic intervention that 
ameliorates a sign or symptom of a disease or pathological 
condition after it has begun to develop. “Ameliorating refers 
to the reduction in the number or severity of signs or symp 
toms of a disease. 

Promoter: A promoter is an array of nucleic acid control 
sequences which direct transcription of a nucleic acid. A 
promoter includes necessary nucleic acid sequences near the 
start site of transcription. A promoter also optionally includes 
distal enhancer or repressor elements. A "constitutive pro 
moter is a promoter that is continuously active and is not 
Subject to regulation by external signals or molecules. In 
contrast, the activity of an “inducible promoter' is regulated 
by an external signal or molecule (for example, a transcrip 
tion factor). In one embodiment, the promoter is a T7 pro 
moter (from bacteriophage T7). 

Purified: The term “purified does not require absolute 
purity; rather, it is intended as a relative term. Thus, for 
example, a purified peptide, protein, virus, or other active 
compound is one that is isolated in whole or in part from 
naturally associated proteins and other contaminants. In cer 
tain embodiments, the term “substantially purified’ refers to 
a peptide, protein, virus or other active compound that has 
been isolated from a cell, cell culture medium, or other crude 
preparation and Subjected to fractionation to remove various 
components of the initial preparation, Such as proteins, cel 
lular debris, and other components. 



US 8,673,629 B2 

Recombinant: A recombinant nucleic acid, protein or virus 
is one that has a sequence that is not naturally occurring or has 
a sequence that is made by an artificial combination of two 
otherwise separated segments of sequence. This artificial 
combination is often accomplished by chemical synthesis or, 
more commonly, by the artificial manipulation of isolated 
segments of nucleic acids, for example, by genetic engineer 
ing techniques. In one embodiment, recombinant RVF virus 
is generated using the reverse genetics system described 
herein. In some examples, the recombinant RVF viruses com 
prise one or more deletions in a viral virulence factor, such as 
NSs and/or NSm. In other examples, the recombinant RVF 
viruses comprise a heterologous gene. Such as a reporter 
gene. 

Reporter gene: A reporter gene is a gene operably linked to 
another gene or nucleic acid sequence of interest (Such as a 
promoter sequence). Reporter genes are used to determine 
whether the gene or nucleic acid of interest is expressed in a 
cell or has been activated in a cell. Reporter genes typically 
have easily identifiable characteristics, such as fluorescence, 
or easily assayed products, such as an enzyme. Reporter 
genes can also confer antibiotic resistance to a host cell or 
tissue. Reporter genes include, for example, GFP (or eGFP) 
or other fluorescence genes, luciferase, B-galactosidase and 
alkaline phosphatase. 

Reverse genetics: Refers to the process of introducing 
mutations (such as deletions, insertions or point mutations) 
into the genome of an organism or virus in order to determine 
the phenotypic effect of the mutation. For example, introduc 
tion of a mutation in a specific viral gene enables one to 
determine the function of the gene. 

Rift Valley fever (RVF) virus: A virus belonging to the 
family Bunyaviridae and genus Phlebovirus. RVF virus has a 
single-stranded, negative-sense genome composed of three 
genome segments, S. Mand L. The S segment is an ambisense 
genome segment, meaning it encodes proteins in both the 
positive-sense and negative-sense orientations. The RVF 
virus genome encodes both structural and non-structural pro 
teins. A “structural protein is a protein found in the virus 
particle, whereas a “non-structural protein is only expressed 
in a virus-infected cell. RVF virus structural proteins include 
nucleoprotein (NP or N, used interchangeably), two glyco 
proteins (Gn and Ge) and the viral RNA-dependent RNA 
polymerase (L protein). Non-structural RVF virus proteins 
include NSS, NSm and the NSm+Gnfusion protein. As used 
herein, a “full-length' RVF virus genome segment is one 
containing no deletions. Full-length genome segments can 
contain mutations or Substitutions, but retain the same length 
as the wild-type virus. A “complete deletion” of an ORF of a 
RVF virus genome segment means either every nucleotide 
encoding the ORF is deleted from genome segment, or nearly 
every nucleotide encoding the ORF is deleted such that no 
proteins are translated from the ORF. Thus, a “complete dele 
tion' includes genome segments retaining up to ten nucle 
otides encoding the ORF, such as one, two, three, four, five, 
six, seven, eight, nine or ten nucleotides. In other A number of 
RVF virus strains have been identified. In one embodiment 
described herein, the RVF virus strain is ZH501. 
As used herein, plasmids encoding full-length RVF virus 

S. MandL genome segments are referred to as pRVS, pRVM, 
and pRVL, respectively. The S segment plasmid containing 
the eGFP ORF in place of the complete NSS ORF is referred 
to as pRVS-GFPANSs. The M segment plasmid containing a 
complete deletion of the NSm ORF is referred to as pRVM 
ANSm. The recombinant RVF viruses based upon the ZH501 
genome that are generated using reverse genetics are referred 
to as either rRVF or rzH501. For example, recombinant RVF 
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10 
virus generated using the pRVS-GFPANSs plasmid (and 
wild-type M and L plasmids), is referred to as rRVF-ANSs: 
GFP or rzH501-ANSs:GFP. Similarly, recombinant RVF 
virus generated using the pRVS-GFPANSs plasmid and 
pRVM-ANSmplasmid (and wild-type L plasmid), referred to 
aS rRVF-ANSS:GFP-ANSm or rZH5O1-ANSS:GFP-ANSm. 
Recombinant RVF virus comprising wild-type M and L seg 
ments, and an S segment encoding an NSS-ecjFP fusion pro 
tein with a three alanine residue linker, is referred to as rRVF 
NSs(Ala).GFP or rzH501-NSs(Ala),GFP). If the fusion 
protein comprises a ten alanine residue linker, the recombi 
nant virus is referred to as rRVF-NSs(Ala)GFP or rzH501 
NSs(Ala), GFP. 

Sequence identity: The similarity between amino acid or 
nucleic acid sequences is expressed in terms of the similarity 
between the sequences, otherwise referred to as sequence 
identity. Sequence identity is frequently measured interms of 
percentage identity (or similarity or homology); the higher 
the percentage, the more similar the two sequences are. 
Homologs or variants of a given gene or protein will possess 
a relatively high degree of sequence identity when aligned 
using standard methods. 

Methods of alignment of sequences for comparison are 
well known in the art. Various programs and alignment algo 
rithms are described in: Smith and Waterman, Adv. Appl. 
Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Biol. 
48:443, 1970: Pearson and Lipman, Proc. Natl. Acad. Sci. 
U.S.A. 85:2444, 1988: Higgins and Sharp, Gene 73:237-244, 
1988: Higgins and Sharp, CABIOS 5:151-153, 1989; Comet 
et al., Nucleic Acids Research 16:10881-10890, 1988; and 
Pearson and Lipman, Proc. Natl. Acad. Sci. U.S.A. 85:2444, 
1988. Altschulet al., Nature Genet. 6:119-129, 1994. 
The NCBI Basic Local Alignment Search Tool (BLASTM) 

(Altschulet al., J. Mol. Biol. 215:403-410, 1990) is available 
from several sources, including the National Center for Bio 
technology Information (NCBI, Bethesda, Md.) and on the 
Internet, for use in connection with the sequence analysis 
programs blastp, blastin, blastX, thlastin and thlastX. 

Subject: Living multi-cellular vertebrate organisms, a cat 
egory that includes both human and non-human mammals. 
Subjects include Veterinary Subjects, including livestock Such 
as cows and sheep, and non-human primates. 

Therapeutically effective amount: A quantity of a specified 
agent sufficient to achieve a desired effect in a Subject being 
treated with that agent. For example, this may be the amount 
of a recombinant RVF virus useful for eliciting an immune 
response in a subject and/or for preventing infection by RVF 
virus. Ideally, in the context of the present disclosure, a thera 
peutically effective amount of a recombinant RVF virus is an 
amount Sufficient to increase resistance to, prevent, amelio 
rate, and/or treat infection caused by RVF virus in a subject 
without causing a Substantial cytotoxic effect in the Subject. 
The effective amount of a recombinant RVF virus useful for 
increasing resistance to, preventing, ameliorating, and/or 
treating infection in a Subject will be dependent on, for 
example, the Subject being treated, the manner of administra 
tion of the therapeutic composition and other factors. 

Transformed: A transformed cell is a cell into which has 
been introduced a nucleic acid molecule by molecular biol 
ogy techniques. As used herein, the term transformation 
encompasses all techniques by which a nucleic acid molecule 
might be introduced into such a cell, including transfection 
with viral vectors, transformation with plasmid vectors, and 
introduction of naked DNA by electroporation, lipofection, 
and particle gun acceleration. 

Vaccine: A preparation of immunogenic material capable 
of Stimulating an immune response, administered for the 
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nucleotide sequence of the L segment plasmid comprises the 
nucleotide sequence of SEQID NO: 13. 

Also provided are isolated host cells comprising the col 
lection of plasmids provided herein. In one embodiment, the 
cells express T7 polymerase. 

Further provided is a method of preparing a recombinant 
RVF virus for immunization of a subject, comprising (i) 
transfecting cultured cells with the collection of plasmids 
described herein; (ii) incubating the cells for 1 to 5 days; and 
(iii) collecting recombinant RVF virus from the cell superna 
tant. In one embodiment, the cells express T7 polymerase. 

Further provided are recombinant RVF viruses, wherein 
the genome of the recombinant RVF viruses comprise a full 
length L segment, a full-length M segment and a full-length S 
segment, wherein the S segment further encodes the ORF of 
a reporter gene. In one embodiment, the S segment encodes a 
NSS-reporter gene fusion protein. In one aspect, the reporter 
gene is fused to the C-terminus of NSs. In some examples, the 
fusion protein further comprises a linker. The linker can be 
any Suitable combination of one or more amino acids. In one 
embodiment, the linker comprises 3 to 10 alanine residues. In 
another embodiment, the reporter gene is GFP. 

Also provided herein is a reverse genetics system for pro 
ducing recombinant RVF virus. The reverse genetics system 
consists of three plasmids, wherein a first plasmid encodes an 
anti-genomic copy of a S segment, a second plasmid encodes 
an anti-genomic copy of a M segment and a third plasmid 
encodes an anti-genomic copy of a L segment of RVF virus, 
and wherein each plasmid comprises a T7 promoter and a 
hepatitis delta virus ribozyme. In some embodiments, the 
RVF virus is ZH501. In some embodiments, the S, M and L 
segments are wild-type S. M and L segments. In another 
embodiment, the S segment comprises a deletion of the NSS 
ORF. In another embodiment, the M segment comprises a 
deletion of the NSm ORF. In another embodiment, the S 
segment comprises a deletion of the NSS ORF and the M 
segment comprises a deletion of the NSm ORF. 

In one embodiment, the nucleotide sequence of the S seg 
ment plasmid is at least 95% identical to the nucleotide 
sequence of SEQ ID NO: 11. In particular examples, the 
nucleotide sequence of the S segment plasmid comprises the 
nucleotide sequence of SEQID NO: 11. In another embodi 
ment, the nucleotide sequence of the S segment plasmid is at 
least 95% identical to the nucleotide sequence of SEQID NO: 
14. In particular examples, the nucleotide sequence of the S 
segment plasmid comprises the nucleotide sequence of SEQ 
ID NO: 14. In another embodiment, the nucleotide sequence 
of the M segment plasmid is at least 95% identical to the 
nucleotide sequence of SEQ ID NO: 12. In particular 
examples, the nucleotide sequence of the M segment plasmid 
comprises the nucleotide sequence of SEQ ID NO: 12. In 
another embodiment, the nucleotide sequence of the M seg 
ment plasmid is at least 95% identical to the nucleotide 
sequence of SEQ ID NO: 15. In particular examples, the 
nucleotide sequence of the M segment plasmid comprises the 
nucleotide sequence of SEQID NO: 15. In another embodi 
ment, the nucleotide sequence of the L segment plasmid is at 
least 95% identical to the nucleotide sequence of SEQID NO: 
13. In particular examples, the nucleotide sequence of the L 
segment plasmid comprises the nucleotide sequence of SEQ 
ID NO: 13. 

Typically, the three plasmids are transfected simulta 
neously into cells expressing T7 polymerase. After a Suffi 
cient period of time to allow for production of recombinant 
virus, such as about 1 to about 5 days, recombinant RVF virus 
is collected from the cell supernatant. 
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Further provided are recombinant RVF viruses produced 

using the reverse genetics system described herein. In some 
examples, the recombinant RVF viruses comprise a deletion 
in one or more viral virulence factors. In one embodiment, the 
recombinant viruses comprise a complete deletion of the NSS 
ORF. In another embodiment, the recombinant viruses com 
prise a complete deletion of the NSm ORF. In yet another 
embodiment, the recombinant viruses comprise a deletion in 
both the NSS and NSm ORFs. The recombinant RVF viruses 
can be used for both research and therapeutic purposes. For 
example, the recombinant RVF viruses described herein are 
Suitable for use as vaccines to prevent, treat or ameliorate 
RVF virus infection in livestock and humans. 

IV. Rift Valley Fever Virus Genome and Encoded 
Proteins 

Like other members of the genus Phlebovirus, RVF virus 
has a negative-sense, single-stranded tripartite RNA genome 
composed of the S. M and L segments (Schmaljohn, and 
Hooper, Bunyaviridae: The Viruses and their Replication. In 
Fields' Virology, Lippincott Williams & Wilkins, Philadel 
phia, Pa., 2001). The small (S) segment (about 1.6 kB) 
encodes, in an ambisense fashion, the virus nucleoprotein 
(NP) in the genomic (-) orientation, and the non-structural 
(NSS) protein in the anti-genomic (+) orientation (Albarino et 
al., J. Virol. 81:5246-5256, 2007). The medium (M) segment 
(about 3.8kB) encodes a least four nested proteins in a single 
ORF, including two structural glycoproteins, Gn and Ge, and 
two nonstructural proteins, the 14 kD NSm and a 78 kD 
NSm+Gnfusion (Gerrard et al., Virology 359:459-465, 2007: 
Gerrard and Nichol, Virology 357:124-133, 2007). The M 
segment contains five conserved in-frame AUG-methionine 
start codons within the NSm protein coding region at anti 
genomic sense positions 21, 135, 174,411 and 426. Alternate 
utilization of the AUGs at positions 21 or 135 results in 
expression of the 14 kDa NSm protein and the 78 kDNSm+ 
Gnfusion protein (Suzichet al., J. Virol. 64:1549-1555, 1990, 
Gerrard and Nichol, Virology 357:124-133, 2007). The large 
(L) segment (about 6.4 kB) encodes the viral RNA-dependent 
RNA polymerase (L protein). 
RVF virus NP and L proteins are required for viral RNA 

synthesis (Ikegami et al., J. Virol. 79:5606-5615, 2005; Lopez 
et al., J. Virol. 69:3972-3979, 1995). Gn and Gc are believed 
to mediate binding to an as yet unidentified receptor. The 
78kD NSm+Gn fusion protein has been reported to be dis 
pensable for viral replication in cell culture (Won et al., J. 
Virol. 80:8274-8278, 2006). 
Both nonstructural genes (NSs and NSm) have been 

reported to function as virus virulence factors and determi 
nants of mammalian host pathogenesis (Bird et al., Virology 
362:10-15, 2007; Vialat et al., J. Virol. 74: 1538-1543, 2000; 
Won et al., J. Virol. 24:13335-13345, 2007). NSs mediates the 
pan-downregulation of mRNA production by inhibition of 
RNA polymerase II activity (Billecocq et al., J. Virol. 
78:9798-9806, 2004; Le May et al., Cell 116:541-550, 2004). 
Via this mechanism, the NSs protein performs a critical role 
in mammalian host pathogenesis by indirectly disrupting the 
host cell antiviral response (Bouloy et al., J. Virol.., 75:1371 
1377, 2001; Mulleret al., Am. J. Trop. Med. Hyg. 53:405-411, 
1995; Vialat et al., J. Virol. 74: 1538-1543, 2000). 

Studies of the non-structural gene located on the RVF virus 
M segment (NSm) indicate it is dispensable for efficient RVF 
virus growth in both IFN-competent and IFN-deficient cell 
culture (Gerrard et al., Virology 359:459-465, 2007; Won et 
al., J. Virol. 80:8274-8278, 2006). However, further work 
utilizing a highly sensitive animal model revealed that recom 



US 8,673,629 B2 
15 

binant RVF virus lacking the entire NSm coding region 
(rRVF-ANSm) was attenuated yet retained the ability to cause 
either acute-onset lethal hepatic necrosis or delayed-onset 
lethal neurologic disease in a minority (44%) of animals (Bird 
et al., Virology 362:10-15, 2007). Other studies have shown 
that NSm functions as a virus virulence factor by Suppressing 
the host cell apoptotic pathway following infection (Won et 
al., J. Virol. 24:13335-13345, 2007). 

V. Reverse Genetics System for RVF Virus 

The ability to generate recombinant viruses containing 
selected mutations and/or deletions is a powerful tool for the 
development of virus vaccines. Reverse genetics systems 
have been described for a few viruses of the Bunyaviridae 
family, including Bunyamvera virus (Bridgen and Elliott, 
Proc. Natl. Acad. Sci. USA 93:15400-15404, 1996) and La 
Crosse virus (Blakgori and Weber, J. Virol. 79:10420-10428, 
2005). Recently, a reverse genetics system for a vaccine strain 
(MP-12) of RVF virus was reported (U.S. Pre-Grant Publica 
tion No. 2007/0122431, herein incorporated by reference). 

The recombinant RVF viruses described herein are gener 
ated using an optimized reverse genetics system capable of 
rapidly generating wild-type and mutant viruses (Bird et al., 
Virology 362:10-15, 2007: Gerrard et al., Virology 359:459 
465, 2007, each of which is hereinincorporated by reference). 
The RVF virus reverse genetics system is a T7 RNA poly 
merase-driven plasmid-based genetic system based on the 
genome of the virulent RVF virus Egyptian isolate ZH501. 
This system, described in detail in Bird et al. (Virology 362: 
10-15, 12007) and in the Examples below, includes three 
plasmids expressing anti-genomic copies of the S. M and L 
segments of ZH5O1. As used herein, the plasmids are referred 
to as the pRVS, pRVM and pRVL plasmids, respectively. 

Rescue of recombinant viruses is accomplished by simul 
taneous transfection of the three anti-genomic sense plasmids 
into cells stably expressing T7 polymerase (for example, 
BSR-T7/5 cells). The genome segments of each plasmid are 
flanked by a T7 promoter, which enables generation of the 
primary RNA transcript, and the hepatitis delta virus 
ribozyme, which removes extraneous nucleotides from the 3' 
end of the primary transcriptional products. The T7 RNA 
polymerase generated transcripts are identical copies of the 
RVF virus genome segments, with the exception of an extra G 
nucleotide on the 5' end derived from the T7 promoter. When 
expressed in transfected host cells, the pRVS, pRVM and 
pRVL plasmids generate anti-genomic sense copies of the S. 
M and L segments, respectively. 

In one embodiment, the recombinant RVF viruses are gen 
erated using an S-segment plasmid that comprises a deletion 
in the NSs gene. In one example, the deletion is a deletion of 
the entire NSS ORF. In one aspect, the NSs ORF is replaced by 
the eGFPORF. In another embodiment, the recombinant RVF 
viruses are generated using an S-segment plasmid comprising 
a deletion in the NSS gene and an M-segment plasmid com 
prising a deletion in the NSm ORF. In one example, the 
deletion is a deletion of the entire NSm ORF. In another 
embodiment, the recombinant RVF viruses are generated 
using full-length S. M and L plasmids, wherein one of the 
plasmids further encodes eGFP. In one example, the eGFP 
ORF is encoded by the S plasmid as a NSS-egFP fusion 
protein. 

VI. Use of Recombinant RVF Viruses 

Recombinant RVF viruses generated using the reverse 
genetics system described herein can be used for both 
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research and therapeutic purposes. Using this system, recom 
binant RVF viruses can be generated that contain precisely 
defined deletions of major virus virulence factors on one or 
more genome segments. For example, viruses can be produce 
that contain deletions of NSs and/or NSm. Accordingly, such 
recombinant RVF viruses can be used as vaccines to prevent 
infection of livestock and humans with wild-type RVF virus. 
The recombinant RVF viruses described herein can also be 
used as live-virus research tools, particularly those viruses 
that incorporate reporter genes, for instance a fluorescent 
protein such as GFP. For example, these viruses can be used 
for high-throughput Screening of antiviral compounds in 
vitro. 

Efforts to prevent RVF virus infection via vaccination 
began shortly after the first isolation of the virus in 1931 
(Findlay and Daubney, Lancet ii: 1350-1351, 1931). These 
earliest vaccines (MacKenzie, J. Pathol. Bacterol. 40:65-73, 
1935) and several that followed, including the currently avail 
able TSI-GSD-200 preparation, relied on formalin inactiva 
tion of live wild-type virus (Pittman et al., Vaccine 18:181 
189, 1999; Randall et al., J. Immunol. 89:660-671, 1962). 
While capable of eliciting protective immune responses 
among livestock and humans, these inactivated vaccines typi 
cally require a series of 2 or 3 initial inoculations, followed by 
regular booster vaccinations to achieve and maintain protec 
tion (Pittman et al., Vaccine 18:181-189, 1999; Swanepoel et 
al., “Rift Valley fever in Infectious Diseases of livestock with 
special reference to South Africa, pages 688-717, Oxford 
university Press, Cape Town). However, multiple dosing and 
annual vaccination regimens are logistically difficult to 
implement and expensive to maintain, and thus are of limited 
practical value in resource-poor settings, especially in regard 
to control of RVF virus infection in livestock in enzootic 
settings. In addition, there have been problems in the past 
with quality control and “inactivated vaccines causing dis 
CaSC. 

In an effort to eliminate the necessity of booster inocula 
tions, several live-attenuated vaccine candidates were devel 
oped for RVF virus with some, such as the Smithburn neuro 
tropic strain, being employed in Africa. These vaccine 
candidates have relied upon the random introduction of 
attenuating mutations via serial passage in Suckling mouse 
brain or tissue culture, in vitro passage in the presence of 
chemical mutagens, such as 5-fluorouracil, or as naturally 
occurring virus isolates (such as the Smithburn neurotropic 
strain, the Kenyan-IB8 strains, MP-12, or the Clone 13 iso 
late) (Caplenet al., J. Gen. Virol. 66:2271-2277, 1985; Coack 
ley, J. Pathol. Bacteriol. 89:123-131, 1965; Moussa et al., Am. 
J. Trop. Med. Hyg. 35:660-662, 1986; Muller et al., Am J. 
Trop. Med. Hyg. 53:405-411, 1995; Rossi and Turell, J. Gen. 
Virol. 69:817-823, 1988; Smithburn, Br. J. Exp. Pathol. 30.1- 
16, 1949). 
Due to the technical limitations of these procedures, and 

the lack of complete genome sequence for many of the his 
torically derived RVF virus vaccines, the exact underlying 
molecular mechanisms of attenuation for many of these live 
attenuated RVF virus vaccines is either unknown (Smithburn 
neurotropic strain or Kenyan-IB8) or reliant on the combina 
torial effects of multiple nucleotide or amino acid substitu 
tions (MP-12) (Saluzzo and Smith, Vaccine 8:369-375, 1990; 
Takehara et al., Virology 169:452-457, 1989). Experimental 
and field experience with existing live-attenuated RVF virus 
vaccines demonstrated that in certain instances these vaccines 
retain the ability to cause teratogenic effects, abortion, and 
neural pathology in livestock or animal models. Thus, wide 
spread use of these live-attenuated vaccines is problematic, 
especially in non-endemic areas, or during inter-epizootic/ 
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epidemic periods (Hunter et al., Onderstepoort J. Vet. Res. 
69:95-98, 2002: Morrill et al., Am. J. Vet. Res. 58:1104-1109, 
1997: Morrill et al., Am. J. Vet. Res. 58:1110-11 14, 1997: 
Morrill and Peters, Vaccine 21:2994-3002, 2003). 

While useful in many situations, several distinct disadvan 
tages exist among live attenuated RNA virus vaccines pre 
pared by the traditional techniques discussed above. Live 
attenuated vaccines reliant on single or multiple nucleotide 
substitutions are at increased risk for reversion to virulent 
phenotypes due to the inherently high rate of viral RNA 
polymerase errors. The loss of attenuation via this mechanism 
among livestock and human live vaccines has been docu 
mented (Berkhout et al., J. Virol. 73:1138-1145, 1999; Catelli 
et al., Vaccine 24:6476-6482, 2006; Halstead et al., Am. J. 
Trop. Med. Hig. 33:672-678, 1984; Hopkins and Yoder, Avian 
Dis. 30:221-223, 1986; Rahimi et al., J. Clin. Virol. 39:304 
307, 2007). 
The potential for a similar reversion event among live RVF 

virus vaccines dependent on attenuating nucleotide mutation 
was illustrated by recent gcnomic analyses of RVF virus that 
revealed an overall molecular evolution rate (-2.5x10' 
nucleotide Substitutions/site/year) similar to other single 
stranded RNA viruses (Bird et al., J. Virol. 81:2805-2816, 
2007). Due to error-prone polymerases, live-attenuated RNA 
virus vaccines prepared by multiple serial passage techniques 
involved in virus attenuation inherently consist of a complex 
mixture of genomic micro-variants. In contrast, the origin of 
reverse genetics derived virus vaccine candidates is advanta 
geous in that vaccine stocks can be generated directly or 
following limited amplification steps from precisely defined 
DNA plasmids. This approach allows for the simple produc 
tion of virus vaccines following good manufacturing pro 
cesses (GMP) with higher levels of genetic homogeneity. 

Another significant drawback of all previously generated 
live-attenuated RVF virus vaccines is that they do not allow 
for differentiation of naturally infected from vaccinated ani 
mals (DIVA). This ability is important to augment efforts to 
contain an accidental or intentional release of wild-type RVF 
virus in previously unaffected areas (Henderson, Biologicals 
33:203-209, 2005). As a high consequence pathogen, RVF 
virus has been classified as a category A Select Agent as 
defined by the United States Department of Health and 
Human Services and the United States Department of Agri 
culture (USDA), and is listed as a high consequence agent 
with potential for international spread (List A) by the Office 
International des Epizooties (OIE) (Le May et al., Cell 116: 
541-550, 2004) of the World Organization for Animal Health 
(WOAH), thus greatly increasing the consequences for inter 
national livestock trade following the introduction of RVF 
virus into previously unaffected countries or epizootics in 
enzootic areas (USDA, 7 CFR Part 331 and 9 CFR Part 121, 
Federal Register RIN 0579-AB47:13241-13292, 2005). Cur 
rently, OIE regulations require Surveillance and absence of 
RVF virus activity for 2 years following an outbreak before 
resumption of disease free status and the Subsequent easing of 
import/export trade restrictions (International Office of Epi 
Zootics, Terrestrial Animal Health Code, XI:2.2.14.1, 2007). 
The use of any current commercially available livestock vac 
cines does not permit the differentiation of vaccinated from 
naturally infected livestock, thus contraindicating the use of 
prophylactic vaccination in countries wishing to retain dis 
ease free status, or in those with ongoing/endemic RVF virus 
activity. 

Thus, disclosed herein are infectious recombinant RVF 
viruses, generated using reverse genetics, containing either 
complete deletions of major virus virulence factors, NSS 
(rzH501-ANSs:GFP) or NSs and NSm (rzH501-ANSs:GFP 
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ANSm), which confer attenuated phenotypes in vivo, and 
which allow for the serologic differentiation of naturally 
infected and vaccinated animals by presence/absence of anti 
RVF NP/anti-RVF NSS antibodies. As described herein, in 
vivo testing of these recombinant RVF (rRVF) viruses dem 
onstrated that they were highly immunogenic and efficacious 
in the prevention of severe RVF virus disease and lethality 
(FIG. 2 and FIG. 4). In an initial pilot study, animals devel 
oped high end-point titers (> 1:400) of total anti-RVF virus 
IgG by day 21 post-vaccination that were significantly higher 
than sham inoculated controls (p-value <0.05, Table 1). At no 
observed time point post-vaccination did any animal develop 
disease symptoms or vaccine virus induced viremia (FIG. 4). 

Additional testing in a larger follow-up study confirmed 
these results with the majority of animals generating robust 
total anti-RVF IgG responses with typical titers a 1:6400 by 
day 26 post-vaccination. As with the pilot study, no vaccine 
virus induced viremia was detected. The immunologic 
response generated in the ANSS/ANSm virus vaccinated ani 
mals was significantly higher than controls (p-value <0.05) 
and was sufficient to confer complete protection from both 
clinical illness and lethality in 100% of vaccinated animals 
given a known lethal challenge dose of wild-type RVF virus 
(FIG. 4). 

Direct comparisons of the level of protective immunity 
(PRNTs or total IgG) titers with previous studies utilizing 
other RVF virus vaccines are difficult due to vaccine used and 
species level differences in immunity. However, earlier stud 
ies utilizing the 3 dose regimen (day 0, 7 and 28) of inacti 
vated TSI-GSD-200 vaccine in the WF rat model demon 
strated protective efficacy against virulent virus challenge at 
PRNTs titers >1:40 (Anderson et al., Vaccine 9:710-714, 
1991). Later, a large retrospective analysis of human Volun 
teers (n=598), receiving the same recommended 3-dose regi 
men of this inactivated vaccine were found to develop mean 
PRNTs titers of 1:237 (Pittman et al., Vaccine 18:181-189, 
1999). Additionally, a large study of the pathogenesis and 
neurovirulence of the live-attenuated MP-12 vaccine in 
rhesus macaques demonstrated PRNTsotiters among vacci 
nated animals of > 1:640 (Morrill and Peters, Vaccine 
21:2994-3002, 2003). As described herein, inoculation with a 
single dose of the recombinant RVF viruses resulted in mean 
PRNTs titers ranging from 1:640 to 1:7040, indicating that 
the level of neutralizing antibody is similar to or greater than 
that demonstrated in earlier RVF vaccine studies using mul 
tiple doses in animal model systems or among human Volun 
teerS. 

Thus, the enhanced safety, attenuation, and reduced possi 
bility of reversion to full virulence (via either RVF virus 
polymerase nucleotide Substitution or gene segment reassort 
ment with field-strains) afforded by the double genetic dele 
tions of the entire RVF virus NSS and NSm genes, does not 
diminish overall vaccine efficacy. A high level of protective 
immunity was induced by a single dose of the rRVF viruses 
disclosed herein, with 37 of 40 total vaccinated animals 
developing a potentially sterilizing immunity as determined 
by the lack of any detectable post-challenge viremia (FIG. 4). 
As described herein, animals immunized with either 

recombinant RVF virus do not have detectable anti-NSs anti 
bodies. Thus, given the high-level anti-NSs antibody in Sur 
vivor control animals, DIVA will be possible among animals 
immunized with these candidate vaccines based on the pres 
ence/absence of anti-NSs antibody (FIGS. 3A-C). Anti-NSs 
antibodies have also been detected in the serum of naturally 
infected convalescent livestock obtained during the outbreak 
in Saudi Arabia in 2000 (FIG. 3D), and in humans. Therefore, 
the use of these recombinant RVF viruses, combined with the 
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injected directly in a micellar form, incorporated in a lipo 
Some, or emulsified in an adjuvant. As another example, E. 
coli lipoproteins, such as tripalmitoyl-S-glycerylcysteinly 
seryl-serine can be used to prime tumor specific CTL when 
covalently attached to an appropriate peptide (see, Deres et 
al., Nature 342:561, 1989). Further, as the induction of neu 
tralizing antibodies can also be primed with the same mol 
ecule conjugated to a peptide which displays an appropriate 
epitope, two compositions can be combined to elicit both 
humoral and cell-mediated responses where that is deemed 
desirable. 
The following examples are provided to illustrate certain 

particular features and/or embodiments. These examples 
should not be construed to limit the disclosure to the particu 
lar features or embodiments described. 

EXAMPLES 

Example 1 

Optimized Reverse Genetics System for Generation 
of Recombinant RVF Virus 

This example describes the development of an improved 
reverse genetics system for generation of recombinant RVF 
viruses. The recombinant RVF viruses described herein are 
generated using an optimized reverse genetics system capable 
of rapidly generating wild-type and mutant viruses (Bird et 
al., Virology 362:10-15, 2007, herein incorporated by refer 
ence). The RVF virus reverse genetics system is a T7 RNA 
polymerase-driven plasmid-based genetic system that 
requires only three plasmids. Each plasmid individually 
expresses an anti-genomic copy of either the S. M or L seg 
ment. In this specific example, the S. M and L segments are 
derived from the genome of the virulent Egyptian RVF virus 
isolate ZH501. Nucleotide sequences of ZH501 S. M and L 
segments are provided herein as SEQ ID NOs: 1-3, respec 
tively. 

Rescue of recombinant viruses is accomplished by simul 
taneous transfection of the three anti-genomic sense plasmids 
into cells stably expressing T7 polymerase (for example, 
BSR-T7/5 cells). The genome segments of each plasmid are 
flanked by a T7 promoter, which enables generation of the 
primary RNA transcript, and the hepatitis delta virus 
ribozyme, which removes extraneous nucleotides from the 3' 
end of the primary transcriptional products. The T7 RNA 
polymerase generated transcripts are identical copies of the 
RVF-encoding plasmids, with the exception of an extra G 
nucleotide on the 5' end derived from the T7 promoter. 
A previously reported method of producing recombinant 

RVF virus required the use offive expression plasmids (Ger 
rard et al., Virology 359:459-465, 2007). In addition to 
expression plasmids encoding RVF virus S. M and L seg 
ments, this system included plasmids encoding RVF virus N 
protein and RNA-dependent RNA polymerase (L protein). 
Northern blot and 3RACE revealed that the Splasmid used in 
that system produced low levels of full length S-segment 
anti-genomic replication products. To produce a more effi 
cient S segment plasmid, the full length S RNA from ZH501 
was re-cloned into a version of the plasmid vector that was 
modified to remove the multiple cloning site. Within this 
backbone context, levels of N protein expression were sig 
nificantly increased, allowing for Subsequent rescue of 
recombinant virus without the need for a Support plasmid 
encoding the N protein. 

In addition, the optimized system described herein 
includes an M segment clone in which two non-synonymous 
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mutations were corrected to match the wild-type sequence, 
allowing for exact in vivo comparisons between recombinant 
and wild-type viruses. These corrections were made in both 
the full-length M segment and the ANSm plasmid by site 
directed mutagenesis and restriction fragment exchange. 
These changes included removal of the XhoI restriction site. 
After incorporating these changes into the reverse genetics 
system, virus rescue was accomplished by simultaneous 
transfection of only the three anti-genomic sense plasmids 
(either wild-type S. M and L segments, or deletion mutants 
thereof). The nucleotide sequences of exemplary wild-type S. 
Mand L plasmids, and plasmids comprising deletions in the 
S and M segments, are provided herein as SEQ ID NOs: 
11-15. Maps of each of these plasmids are shown in FIGS. 
S-9. 

After complete lysis of transfected cells, cell Supernatants 
containing rescued viruses were clarified, diluted and virus 
passaged twice on Vero E6 cells. All recombinant viruses 
were found to grow similarly to wild-type ZH501 in Vero E6 
cell culture. To confirm the exact molecular identity of all 
viruses used in this Example, complete genome sequence was 
obtained following previously described techniques (Bird et 
al., J. Virol. 81 (6):2805-2816, 2007, herein incorporated by 
reference). 
A total of 11 separate rescue attempts using a variety of 

plasmid concentrations ranging from 0.5ug to 4 Jug resulted in 
100% recombinant virus rescue efficiency using only the 
three expression plasmids. 

Example 2 

Generation and Characterization of Recombinant 
RVF (rRVF) Viruses 

This example describes the generation of recombinant 
RVF viruses comprising deletions in the ORF of NSs and/or 
NSm, which play a role in viral virulence. This example 
further describes a recombinant RVF virus comprising a 
reporter gene. 
RVF Virus and Biosafety 

All work with infectious RVF virus (wild-type or recom 
binant) was conducted within the Centers for Disease Control 
(CDC) bio-safety level 4 (BSL-4) laboratory. Low passage 
(FRhL+2. Vero E6+2) working stocks of wild-type strain 
ZH501, isolated originally from a fatal Egyptian human case 
in 1977, were used as challenge virus, and were prepared by 
passage on Vero E6 cell monolayers. The complete genome 
sequence of the S. M and L segments of the wild-type RVF 
virus strain ZH5O1 has been deposited under Genbank Acces 
sion Nos. DQ380149 (SEQID NO: 1), DQ380200 (SEQ ID 
NO: 2) and DQ375406 (SEQID NO:3), respectively. 
Construction of ANSs:GFP Deletion/Replacement Plasmid 
To generate plasmids containing a complete deletion of the 

NSs ORF, replaced by the eGFP ORF (Towneret al., Virology 
332(1):20-27, 2005, incorporate herein by reference), the 
eGFP ORF was amplified by PCR with forward and reverse 
primers containing the KpnI (GGTACC) and BglII (AG 
ATCT) restriction sites, respectively. Utilizing the full-length 
RVF S-segment plasmid (pRVS: SEQID NO: 11), a strand 
specific PCR was conducted with primers designed to contain 
the KpnI and BglII restriction sites annealing immediately 
upstream to the NSS START codon, and immediately down 
stream of the NSS STOP codon. Primer sequences are shown 
below in Table 1. Restriction site sequences are indicated by 
italics. 
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24 

Primer sequences for replacement of NSS with eGFP 

Primer Sequence 

RVS-35/Kipni aaaaaag.GTACCGATATACTTGATAAGCACTAG 

RVS + 827/BglII aaaaaaagATCTGATTAGAGGTTAAGGCTG 

egFP + Kipni aaaaaag.GTACCATGGTGAGCAAGGGCGAGGAG 

egFP-720/BglII aaaaaa.AGATCTTACTTGTACAGCTCGTCCATG 

The resulting PCR fragment contained a complete deletion 
of the NSS ORF flanked by KpnI and BglII restrictions sites. 
The eGFP and RVF-S plasmid amplicons were gel purified 
and ligated following standard molecular biology techniques. 
The resulting plasmid (pRVS-GFPANSs: SEQ ID NO: 14) 
contained a complete in-frame replacement of the NSS ORF 
by eGFP. 
Construction of Plasmids Containing a NSS-eciFP Fusion 
Protein 

In a second set of plasmid constructions, rRVF viruses 
were generated which contained the complete full-length 
genome and an insertion of the eGFP ORF. Two constructions 
were made containing in-frame fusions of the c-terminus of 
NSs with the eGFP ORF, separated by amino acid linker 
moieties of varying lengths. In the first construction, the 
full-length RVF-S segment plasmid backbone was modified 
using site directed mutagenesis PCR (QuickChange, Strat 
agene) with overlapping primers (shown in Table 2 below) 
containing a deletion/replacement of the NSS STOP codon 
with a linker section containing nucleotides encoding three 
alanine residues and the KpnI restriction site. Following this, 
both this amplicon and the pRVS-GFPANSs plasmid were 
digested with KpnI. The resulting restriction enzyme frag 
ments were gel purified and ligated to generate the final 
construction pRVFS-NSs(A)eGFP. A second NSs-eGFP 
fusion peptide construction was created to increase the length 
of the eGFP linker moiety and eliminate the KpnI restriction 
site contained in the previous fusion peptide construction. To 
accomplish this, site directed mutagenesis (QuickChange, 
Stratagene) was employed starting with the pRVFS-NSs(A) 
eGFP backbone and overlapping primers containing the 
remote cutter restriction enzyme BSmBI and nucleotides 
encoding ten alanine residues (shown in Table 2 below). 

TABLE 2 
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Following PCR amplification, restriction enzyme diges 
tion and re-ligation, the resulting construction contained a 
perfect in-frame fusion of the C-terminus of NSs and eCFP 
ORF in the context of the complete full-length RVFS seg 
ment genome, preserving the spacing and nucleotide 
sequence of both the NP and NSs transcription termination 
signals. 
Generation and InVitro Testing of Recombinant RVFViruses 

In all cases, rescue of recombinant viruses was accom 
plished using cDNA plasmids encoding the virulent RVF 
virus ZH501 strain. The basic design and construction of the 
full-length plasmids containing inserts of the complete S 
segment (pRVS: SEQID NO: 11), M segment (pRVM; SEQ 
ID NO: 12), and L segment (pRVL: SEQID NO: 13), and a 
plasmid containing a deletion of the NSm gene (pRVM 
ANSm; SEQ ID NO: 15), have been described previously 
(Bird et al., Virology 362:10-15, 2007: Gerrardet al., Virology 
359:459-465, 2007, each of which is herein incorporated by 
reference). Maps of the full-length S. M and L plasmids, and 
plasmids containing NSs and NSm deletions, are shown in 
FIGS. 5-9. 

Anti-genomic sense plasmids representing the three 
genomic segments were transfected in 1 Jug quantities with 
LT-1 (Mirus) at a ratio of 6:1 and transferred onto sub-con 
fluent (approximately 60-70% confluent) monolayers of 
BSR-T7/5 cells stably expressing T7 polymerase (Buchholz 
et al., J. Virol. 73(1):251-259, 1999, herein incorporated by 
reference). Four or five days post transfection, the cell super 
natant was clarified by low speed centrifugation and passaged 
twice on confluent monolayers of Vero E6 cells. After passage 
and prior to use in Subsequent experiments, the complete 
genome sequence of each rescued recombinant virus was 
confirmed by previously described techniques (Bird et al., J. 
Virol. 81:2805-2816, 2007, herein incorporated by refer 
ence). 

Primer sequences for construction of NSs - eGFP fusion proteins 

SEO ID 
Primer Sequence NO: 

RVS-829rev/KpnI aaaaaag.GTACCTGCTGCTGCATCAACCTCAACAAA. 8 
TCCATC 

RVS + 827/BglII aaaaaaaCATCTGATTAGAGGTTAAGGCTG 5 

NSSGFP + 1 OAla AFwd aaaaaacGTCTCagCAGCAGCAGCAGCAATGGTGAG 9 
CAAGGGCGAGGAG 

NSSGFP + 1 OA1a/Rev aaaaaacGTCTCaCTGCTGCTGCTGCTGCTGCATCAA 10 
CCTCAACAAATCCATC 
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Infected Live Cell (Direct) or Fixed Cell (Indirect) Fluores 
cent Antibody Detection of RVF NSs and eGFP Proteins 

Vero E6 cells were seeded on glass coverslips and infected 
at a multiplicity of infection (MOI) of approximately 1.0 with 
either rzH5O1-ANSs: GFP, rzH501-ANSs:GFP-ANSm, 
rZH501-NSs(Ala),GFP or rZH501-NSs(Ala)GFP. At 24 
hours post infection, cells were directly visualized by inverted 
ultraviolet microscopy (live cell) or were fixed in 10% for 
malin overnight. Following fixation, infected cells were 
gamma-irradiated (5.0x10 RAD) to inactivate any residual 
virus activity. After inactivation, cells were permeabilized 
(Triton X-100 0.01%) and incubated with monoclonal anti 
bodies specific for either RVFNSs or eCFP protein following 
standard techniques. 
Results 

Rescue of all recombinant viruses used in this study was 
accomplished by transfection of three anti-genomic sense 
plasmids, each representing one of the three virus RNA seg 
ments, without the requirement of Supporting expression 
plasmids encoding virus structural proteins. Multiple rRVF 
viruses were generated containing an insertion of the reporter 
molecule eGFP into the virus S segment (FIG. 1A). Among 
these, two rRVF viruses were rescued containing an in-frame 
fusion of the C-terminus of the NSs protein with the N-ter 
minus of eGFP, separated by a peptide linker of either three or 
ten alanine residues (rzH501-NSs(Ala).GFP and rzH501 
NSs(Ala).GFP). Two rRVF viruses were created containing 
deletions of either the NSs alone or NSS/NSm genes in com 
bination (rzH501-ANSs:GFP and rzH501-ANSs:GFP 
ANSm). In both of these viruses, the NSs gene was replaced 
by the reporter molecule eGFP. preserving the native S seg 
ment ambisense RNA orientation. Both rRVF viruses were 
rescued upon the first attempt and grew to high titers routinely 
exceeding 1.0x10 PFU/mL in Vero E6 cell culture resulting 
in complete monolayer lysis. 

Following passage on Vero E6 cells, cytoplasmic GFP 
signal was first observed approximately 10-12 hours post 
infection and appeared to spread rapidly throughout the cell 
monolayer prior to the first signs of extensive CPE and plaque 
formation (FIG. 1B). 

Recombinant virus containing NSS-GFP fusion peptides 
(rzH501-NSs(Ala).GFP and rzH501-NSs(Ala)GFP) were 
also rescued on the first attempt but were found to grow to 
slightly lower titers (about 5.0x10 PFU/mL). NSs-GFP 
fusion protein was first localized in the cytoplasm of infected 
cells followed by perinuclear accumulation and eventual 
intranuclear migration followed by the formation of filamen 
tous structures by 12-18 hours post-infection (FIGS. 1B and 
1C) Stability of the eGFP reporter gene in all recombinant 
viruses reported here was followed for 15 serial passages 
(1:100 dilution between each passage) in Vero E6 cells during 
which time no decrease in the stability of eGFP expression 
was observed, with all infected cells expressing robust 
amounts of eGFP protein similar to that seen in early pas 
SageS. 

Example 3 

In vivo Immunogenicity and Safety of rRVF Viruses 

This example describes a study to determine the immuno 
genicity and safety of the recombinant RVF viruses described 
in the examples above. 
Animal Immunization and Infection 
A total of 66 female Wistar-furth (WF/NSd) (Harlan) rats 

6-8 weeks of age (approximately 160 g) were used in this 
study. The animals were housed in micro-isolator pans and 
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26 
provided food and water ad libitum. All pans were kept in 
HEPA filtration racks following standard barrier care tech 
niques within the BSL-4 laboratory for the duration of the 
experiment. All animals were inoculated Subcutaneously 
(SQ) in the right hind flank with an inoculum (vaccine or 
challenge virus) prepared in 200 uL of sterile physiologic 
saline. A total of eight animals that were administered sterile 
saline only served as sham inoculated animal controls (three 
in the pilot study, five in the vaccination/challenge study). All 
animals were examined daily post inoculation for signs of 
clinical illness, weight loss and respiratory distress. Animals 
found either in distress or moribund were immediately anes 
thetized using isoflurane and then euthanized using Beutha 
nasia solution (Schering-Plough) following standard tech 
niques. 
Pilot in vivo Immunogenicity and Safety Study 
A total of 18 rats were administered 1.0x10 PFU SQ of 

either the rzH501-ANSs:GFP (nine animals) or rzH501 
ANSs:GFP-ANSm (nine animals) with three animals serving 
as sham inoculated controls. Following vaccination, a small 
(approximately 25 LL) sample of whole blood was obtained 
via the tail vein on days 1-4 to detect vaccine virus induced 
viremia. This whole blood sample was placed directly into 2x 
non-cellular lysis buffer (Applied Biosystems) for decon 
tamination and transfer to a BSL-2 laboratory following stan 
dard protocols (Towner et al., J. Infect. Dis. S2002-S212, 
2007, incorporated herein by reference) for subsequent RNA 
extraction and RVF specific q-RT-PCR. At day 21 post-vac 
cination, all animals were anesthetized using isoflurane, 
serum samples were collected for determination of total anti 
RVF IgG titers, and the animals were euthanized using 
Beuthanasia solution (Schering-Plough). 
Anti-RVF Virus Total IgG ELISA 

Determination of anti-RVF IgG titers from vaccinated and 
control rats was preformed essentially as described by 
Madanietal. (Clin. Infect. Dis. 37:1084-1092, 2003) with the 
following modifications necessary for rat specimens. Stan 
dard 96-well microtiter plates were coated overnight at 4°C. 
with 100 uL of gamma-irradiated RVF infected Vero E6 cell 
lysate diluted 1:2000 in (0.01M PBS, pH 7.2), or similarly 
diluted gamma-irradiated uninfected Vero E6 cell lysate, to 
serve as adsorption controls. Plates were washed 3x (PBS 
0.01% Tween-20) and 100 uL duplicate samples of rat sera 
were diluted 1:100-1:6400 in 4-fold dilutions in skim milk 
serum diluent and adsorbed for 1 hour at 37° C. Plates were 
washed 3x (PBS 0.01% Tween-20) and 100 uL of goat anti 
Rat IgG HRP conjugate antibody (KPL, Gaithersburg, Md.) 
diluted 1:2500 was adsorbed for 1 hour at 37° C. After a 3x 
wash, 100 uL of ABTS substrate (KPL) was added and incu 
bated for 30 minutes at 37° C. 

Plates were read at 410 nm with an absorbance correction 
of 490 nm for plate imperfections. The absorbance of the 
1:100, 1:400, 1:1600, and 1:6400 dilutions were added and 
constituted a SUM value for each specimen. The back 
ground adsorption of each animal serum to negative control 
Vero E6 cells was subtracted from the calculated SUM, 
value obtained from antigen positive Vero E6 cells and was 
recorded as an adjusted-SUM value for each animal. Final 
end point dilution titers were determined as the reciprocal of 
the final serum dilution yielding an adjusted-SUM of 
>0.20. A cut-off value for determining positive versus nega 
tive samples was established as the mean sample adjusted 
SUM+3 standard deviations obtained from the five sham 
inoculated control animals. 
Statistical Analyses 

For all calculations, the analysis program XLSTAT (Add 
inSoft, USA) was utilized. Kaplan-Meier analyses were com 
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pleted with log-rank and Wilcoxan tests of significance with 
an O-level setting of 0.05. Analyses of SUM and viremia 
were completed utilizing a one-way ANOVA and a post-hoc 
Tukey's HSD test of significance with an O-level setting of 
O.05. 
Results 
To gain a primary assessment of the relative in vivo char 

acteristics of the r2H5O1-ANSS:GFP and rzH5O1-ANSS: 
GFP-ANSm recombinant viruses, groups of nine rats were 
inoculated with each rRVF virus at a dose of 1.0x10 PFU 
(FIG. 4A). Animals were monitored daily for signs of clinical 
illness and weight loss. At no time post-vaccination did any 
animal show signs of clinical illness, and all experienced 
average daily weight changes equivalent to sham inoculated 
controls of approximately 0-5g. All vaccinated rats were bled 
at days 1-4 post-inoculation to determine the titer of vaccine 
virus induced viremia. Using a highly sensitive q-RT-PCR 
assay, no animal at any time point analyzed post-vaccination 
developed a detectable viremia. 

All animals were euthanized at day 21 post-vaccination 
and anti-RVF total IgG antibody titers were evaluated (FIG. 
2). Testing revealed that the SUM (meant-SEM) for all 
animals vaccinated with the rzH501-ANSs: GFP virus was 
2.14+0.12, which corresponded to end point titers of 1:1600 
in 66% (6/9) of animals, with the remaining 33% (3/9) having 
titers equal to 1:400. Among animals receiving the rzH501 
ANSs:GFP-ANSm virus, SUM (meani-SEM) was 
1.24+0.06, with 89% (8/9) developing end-point dilution 
titers equal to 1:400. AS expected, all sham-inoculated ani 
mals (N–3) were negative for detectable levels of anti-RVF 
total IgG antibody SUM -0.08+0.06. All vaccinated ani 
mals in the rZH5O1-ANSS:GFP and rZH5O1-ANSS:GFP 
ANSm virus groups developed statistically higher mean anti 
RVF total IgG SUM values compared with non-vaccinated 
controls (p-value <0.001 and p-value=0.003, respectively). 
Animals in the rzH501-ANSs: GFP virus group developed 
significantly higher mean SUM values than animals given 
the rzH501-ANSs:GFP-ANSm vaccine (p-value=0.004). 
Plaque reduction neutralization titers (PRNTs) testing was 
completed on a Subset (four animals) chosen randomly from 
each vaccine virus group with two sham inoculated animals 
serving as controls. The results showed mean PRNTs titers 
of 1:1480 (rzH501-ANSs:GFP) and 1:280 (rZH501-ANSs: 
GFP-ANSm), with sham inoculated control animal titer of 
<1:10. 

Example 4 

Follow-Up Vaccination and Virulent Virus Challenge 
Study 

This example describes the efficacy of recombinant RVF 
viruses comprising a deletion in the NSS ORF, or comprising 
a deletion in both the NSs and NSm ORFs, following chal 
lenge with wild-type virus. 
Vaccination and Virus Challenge 
A total of 20 rats were vaccinated in two dosage groups of 

ten animals each with either 1.0x10 or 1.0x10 PFU SQ of 
the rzH5O1-ANSS:GFP virus as described above. An addi 
tional 20 rats were inoculated in two dosage groups often 
animals each with either 1.0x10 or 1.0x10 PFU SQ of the 
rZH5O1-ANSS:GFP-ANSm virus as described above. A total 
offive animals served as sham inoculated controls. On days 2, 
4 and 7 post-vaccination, a small blood sample (approxi 
mately 25 uL) was collected from the tail vein and added 
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directly to 2x non-cellular lysis buffer (Applied Biosystems) 
as described above for subsequent RNA extraction and q-RT 
PCR. 
At day 26 post-vaccination, all animals were briefly anes 

thetized using isoflurane vapor (3.0-3.5% atmosphere) (RC 
Rodent Anesthesia system, VetEquip) and a 500 uL sample of 
whole blood was obtained. Serum was collected and stored at 
-70° C. for later determination of total anti-RVF IgG titers, 
PRNTs and anti-NSS/anti-NP specific antibody. All serum 
samples were surface decontaminated and inactivated by 
gamma-irradiation (5.0x10 RAD) following standard 
BSL-4 safety protocols prior to use in a BSL-2 laboratory. 
At day 28 post-vaccination, all rats (vaccinated and sham 

controls) were challenged with 1.0x10 PFU SQ of virulent 
wild-type RVF virus strain ZH501, previously shown to result 
in lethal disease in Wistar-furth rats (Anderson et al., Microb. 
Pathog. 5:241-250, 1988; Anderson et al., Am. J. Trop. Med. 
Hyg. 44(5):475-80, 1991; Bird et al., Virology 362:10-15, 
2007, each of which is herein incorporated by reference). On 
days 2, 3, 4 and 7 following challenge, a small blood sample 
was collected from the tail vein for subsequent RNA extrac 
tion and RVF specific q-RT-PCR to assess the level of vire 
mia. At day 42 post-challenge, all animals Surviving wild 
type virus infection were bled via cardiac puncture under 
general anesthesia (isoflurane vapor, RC Rodent Anesthesia 
system, VetEquip) followed by euthanasia (Beuthanasia solu 
tion, Schering-Plough). 
Anti-RVFVirus Plaque Reduction and Neutralization Testing 
(PRNTs) 
The stock of RVF virus was diluted to 50 PFU in 300 uL of 

DMEM (1% Penicillin/Streptomycin) without FBS. Sepa 
rately, aliquots of serum from vaccinated rats or from sham 
inoculated controls corresponding to 21 days post-vaccina 
tion (pilot study) or 26 days (challenge study) were heat 
inactivated for 30 min at 56° C. After inactivation, serum 
dilutions of 1:10, 1:40, 1:160, 1:640, 1:2560 and 1:10240 
were made in DMEM (1% Pen/Strep). Diluted rat scrum (300 
LL) was mixed with an equal Volume of diluted virus and 
incubated overnight at 4°C. The following day, each mixture 
of serum--RVF virus was used to infect confluent monolayers 
of Vero E6 cells in 12-well plates. After a 1 hr adsorption, the 
mixture was removed and a 1-2 ml nutrient agarose overlay 
(MEM1x, 2% FBS, 1% Pen/Strep, 1% SeaPlaque agar) was 
added to the monolayers. After a five-day incubation, the cells 
were fixed with 10% formalin overnight. Following fixation, 
the agarose overlay was removed and the plates were surface 
decontaminated and gamma-irradiated (2.0x10 RAD) fol 
lowing standard BSL-4 safety procedures. After inactivation, 
the cell monolayer was stained with 1% crystal violet in PBS 
and plaques were enumerated. The calculated PRNTso titers 
correspond to the reciprocal titer of the last dilution resulting 
in a 50% reduction in the number of plaques when compared 
to controls. 
RVF Virus Specific q-RT-PCR 
Whole rat blood was assayed for the presence and quantity 

of RVF specific virus RNA as described previously (Bird et 
al., J. Clin. Microbiol. 45(11):3506-13, 2007, incorporated 
herein by reference). Quantification of total serum RVF RNA 
was calculated directly via interpolation from a standard 
curve generated from serial dilutions of stock RVF virus 
strain ZH501 of a knowntiter in wholerat blood extracted and 
processed in an identical manner with each experimental 
replicate q-RT-PCR run. Briefly, 25 uL of whole rat blood 
(either from vaccinated/challenged animals or stock virus 
serial dilutions) was added to 300 uL 2x non-cellular lysis 
buffer (Applied Biosystems) and total RNA was extracted 
(ABI 6100 nucleic acid workstation, Applied Biosystems.) 
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After extraction, cDNA was generated by random hexamer 
priming (High Capacity clNA kit, Applied Biosystems) fol 
lowed by RVF specific q-PCR (Universal q-PCR master mix, 
Applied Biosystems). Results are reported as RVF PFU 
equivalents/mL of rat blood. 
Results 
Immunization Phase 

Following the promising findings of robust immunogenic 
ity and in vivo attenuation in the initial pilot study, a larger 
study was undertaken utilizing multiple doses of each recom 
binant RVF virus followed by virulent virus challenge. 
Groups of ten animals each were inoculated with either 
rZH5O1-ANSS:GFP or rZH5O1-ANSS:GFP-ANSm Viruses at 
dosages of 1.0x10 or 1.0x10 PFU (FIG. 4B). Whole blood 
samples were assayed at day 2, 4, and 7 post-vaccination for 
the presence of detectable viremia. As was observed in the 
pilot study, at no time did any animal develop detectable 
vaccine viremia. Additionally, no clinical illness was 
observed among any vaccinated animals, and all experienced 
weight gains of approximately 1-5g per day, similar to sham 
inoculated controls. 
At day 26 post-vaccination, serum samples were obtained 

to determine the level of total anti-RVF IgG, PRNTs, and 
anti-NP/anti-NSs protein specific antibody production prior 
to Subsequent challenge on day 28. All animals regardless of 
recombinant virus type or dose, developed high-titered total 
anti-RVF IgG antibody (FIG. 2). Among rats receiving the 
rZH501-ANSs:GFP virus, the mean SUMESEM was 
4.1.0+0.12 (1.0x10 dose group)and 4.79-0.11 (1.0x10" dose 
group), which corresponded to 85% (17/20) of animals devel 
oping anti-RVF IgG end-point titers of 1:6400. The remain 
ing three animals in the rzH501-ANSs:GFP virus group 
developed end-point titers equal to 1:1600. In animals receiv 
ing the rzH501-ANSs:GFP-ANSm virus, the mean 
SUMESEM was 3.94+0.12 (1.0x10 dose group) and 
4.54+0.11 (1.0x10" dose group), which corresponded to 75% 
(15/20) developing anti-RVF IgG end-point titers of 1:6400, 
with the remaining 25% (5/20) attaining end-point titers of 
1:1600. As was observed in the pilot study, all animals vac 
cinated with either r2H5O1-ANSS:GFP or rzH5O1-ANSS: 
GFP-ANSm viruses, regardless of dose, developed statisti 
cally significant higher mean SUM values than sham 
inoculated control animals (p-values all <0.05). 

Similarly, PRNTs titers were found to be elevated above 
sham inoculated controls among animals inoculated with the 
rZH5O1-ANSS:GFP virus with mean titers of 1:640 and 
1:7040 in the 1.0x10 and 1.0x10" dose groups, respectively. 
Mean PRNTso titers among animals vaccinated with the 
rZH5O1-ANSS:GFP-ANSm were found to be similar with 
mean titers of 1:1120 and 1:640 in the 1.0x10 and 1.0x10' 
dose groups, respectively. 
Challenge Phase 
On day 28 post-vaccination, all rats were challenged with a 

known lethal dose (10x10 PFU) of virulent wild-type strain 
ZH501. All animals were monitored daily for signs of clinical 
illness and weight loss/gain for 42 days post-challenge. At no 
time post challenge (days 1-42) did any rat that received prior 
vaccination with either the r2H5O1-ANSS:GFP or r2H5O1 
ANSs:GFP-ANSm viruses develop clinically detectable ill 
ness (ruffled fur, hunched posture or lethargy). At approxi 
mately day 2 post-challenge, a majority of animals suffered 
slight 1-5 g reductions in total body weight that was regained 
by day 5 post-challenge. 

Rat whole blood was obtained on days 2, 3, 4 and 7 post 
challenge and assayed for the presence of RVF virus RNA by 
a highly sensitive q-RT-PCR assay (Bird et al., J. Clin. Micro 
bial. 45(11):3506-13, 2007, incorporated herein by refer 
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ence). Following challenge, low-level viremia was detected 
in a total of 3/40 vaccinated animals. Among the 20 animals 
that were vaccinated with rzH501-ANSs:GFP-ANSm, two 
animals developed a peak post-challenge viremia on day 3 of 
1.1x10° and 7.0x10" PFU equivalents/mL of whole blood, 
respectively (FIG. 4B). In the 20 animals vaccinated with 
rzH501-ANSs: GFP, one animal was detected with a peak 
post-challenge viremia on day 4 of 1.5x10" PFU equivalents/ 
mL of whole blood. In all three animals, the detectable vire 
mia was transient and was resolved by day 7 post-challenge. 
No other vaccinated animals (37 total) had a detectable RVF 
virus viremia at any time point assayed post challenge. In 
sharp contrast, the five sham inoculated animals all Suffered 
severe to lethal clinical illness with 3/5 animals succumbing 
to infection by day 3 post-challenge with peak viremia titers 
of 19x10, 2.7x107, and 3.1x107 PFU equivalents/mL. Two 
sham-inoculated animals did not succumb to infection but did 
develop severe clinical illness (ruffled fur, hunched back, 
lethargy) with a peak viremia post-challenge of 2.7x10" and 
5.8x10 PFU equivalents/mL whole blood. As anticipated, 
both candidate vaccines (rzH501-ANSs:GFP or rzH501 
ANSs:GFP-ANSm) significantly reduced post-challenge 
viremia (p-value <0.0001) regardless of dose. Additionally, 
Kaplan-Meier survivor analysis (log-rank and Wilcoxan 
tests) of Survival post-challenge revealed a significant protec 
tive efficacy effect with both rRVF viruses regardless of dose 
when compared with sham-inoculated controls 
(p-value <0.001). 

Example 5 

Differentiation of Wild Type-Infected and Vaccinated 
Animals 

This example describes how rRVF viruses lacking NSs can 
be used to differentiate animals that have been infected with 
the rRVF virus and wild-type virus using methods to detect 
antibodies specific for NSs and NP. 
Anti-RVF NSS and NPDifferential Indirect Fluorescent Anti 
body (IFA) Assays 

Plasmid constructions expressing only the RVF nucleopro 
tein (NP) or non-structural S (NSs) proteins were generated 
following techniques described previously (Niwa et al., Gene 
108:193-199, 1991, incorporated herein by reference). 
Briefly, oligonucleotide primers were designed to anneal 
within the NP or NSS ORF with the addition of a SacI and 
BglII restriction site for cloning into a polymerase II-based 
expression plasmid, pCAGGS. The resulting PCR amplicons 
were agarose gel purified, digested with SacI and BglII, and 
ligated between the corresponding restriction sites of the 
pCAGGS vector. Prior to use, the resulting clones, pC-NP and 
pC-NSS, were sequenced using standard techniques. 

Following confirmation of the molecular sequence, each 
plasmid was transfected separately on Vero E6 cells gown on 
glass coverslips in 1 Jug quantities at a 6:1 ratio with lipofec 
tant solution (LT-1, Mirus). Following a 48-hour incubation, 
transfected cells expressing either the NP or NSs protein were 
fixed with 10% formalin. To assess the presence or absence of 
anti-NP or anti-NSs antibody, serum samples from all vacci 
nated and the two Surviving sham inoculated control animals 
were adsorbed separately for 1 hour on cells transfected with 
either NP or NSs. The presence or absence of anti-NP or 
anti-NSs adsorbed rat antibody was visualized by secondary 
adsorption of an AlexaFluor 594 nm (Giorgi et al., Virology 
180:738-753, 1991) anti-rat total IgG (Molecular Probes/ 
Invitrogen) antibody. Intra-nuclear localization of NSs pro 
tein and rat antibody was confirmed by DAPI counterstain 
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ing. To confirm the presence of anti-RVF virus NP and NSS 
antibodies among naturally infected animals, archived serum 
samples collected from goats in Saudi Arabia during the 
outbreak in 2000 were tested essentially as described above 
with anti-goat specific total IgG (AlexaFluor 488 nm, FITC, 
Molecular Probes/Invitrogen). 
Results 
Serum obtained from all vaccinated and sham vaccinated 

animals at day 26 post-vaccination was tested for the presence 
of anti-NP and anti-NSs specific antibodies utilizing Vero E6 
cells transfected with plasmids expressing either NP or NSS 
proteins. As a positive control, the serum obtained from the 
two sham vaccinated animals that Survived infection, and six 
additional control rat serum samples (taken from animals 
inoculated with a sub-lethal dose of RVF virus for validation 
purposes) were utilized. Control animals Surviving infection 
developed high levels of both anti-NP and anti-NSs antibody 
with strong immunostaining of both in vitro expressed cyto 
plasmic NP and filamentous intra-nuclear accumulations of 
NSs protein (FIG. 3A). No anti-NS or anti-NP antibodies 
were detected in serum from control rats (FIG. 3C). In con 
cordance with the anti-RVF total IgG data, all vaccinated 
animals demonstrated high anti-NP specific antibody levels, 
and as anticipated, no vaccinated animal, regardless of vac 
cine virus or dose, developed detectable anti-NSs specific 
antibody (FIG. 3B). As a further step toward the demonstra 
tion of the ability to differentiate naturally infected animals 
from those vaccinated with the vaccines provided herein, 
naturally infected livestock were also shown to produce 
anti-NSs antibodies similar to those observed with the wild 
type virus infected rats (FIG. 3D). 

Example 6 

Safety and Efficacy of Recombinant RVF Virus 
Vaccines in Pregnant Ewes 

The safety and efficacy of recombinant RVF virus vaccines 
can be evaluated in pregnant ewes according to procedures 
well known in the art (Morrill et al., Am. J. Vet. Res. 48(7): 
1042-1047, 1987: Baskerville et al., Res. Vet. Sci. 52:307 
311, 1992, each of which is hereinincorporated by reference). 
By way of example, rRVF viruses are evaluated in healthy, 
RVF virus sero-negative, crossbred ewes at approximately 12 
weeks gestation. The ewes are housed in a biological contain 
ment facility and fed a daily ration of alfalfa hay and a com 
mercial grain mix ration, with grass hay and water provided 
adlibitum. Pregnant ewes are administered recombinant RVF 
virus Subcutaneously or intramuscularly at various doses. 
Mock-infected ewes serve as controls. Ewes are monitored 
daily for health. At various timepoints post-inoculation, 
blood, serumor other body fluid samples can be taken to assay 
RVF virus-induced viremia or anti-RVF virus antibody pro 
duction as described above, or other desired biological end 
points. Lambs born to inoculated ewes are allowed to remain 
with their dams and suckle. 

To test efficacy of the recombinant RVF viruses as vac 
cines, inoculated and sham-inoculated ewes are administered 
wild-type RVF virus at various doses. Lambs can also be 
challenged with live virus to determine whether maternal 
antibodies against recombinant RVF virus provide protection 
against natural infection Animals are observed daily for signs 
of clinical illness, weight loss and respiratory distress. Ani 
mals that are in distress or moribund are immediately anes 
thetized and then euthanized. As described above, at various 
timepoints following inoculation, Small blood samples can be 
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taken to test for the presence of viral RNA. Serum samples 
can be collected to determine anti-RVF virus antibody titers. 

Example 7 

Safety and Efficacy of Recombinant RVF Virus 
Vaccines in a Rhesus Macaque Model for Human 

Disease 

The safety and efficacy of recombinant RVF virus vaccines 
can be evaluated in non-human primates, such as rhesus 
macaques, according to procedures well known in the art 
(Morrilland Peters, Vaccine 21:2994-3002, 2003). By way of 
example, rRVF viruses are evaluated in adult (5-10 kg) and/or 
juvenile (1-3 kg) captive-bred rhesus monkeys (Macaca 
mulata). Animals are housed in individual cages in a bio 
safety level 3 (BSL-3) biological containment facility main 
tained at constant room temperature with a 12 hour light/dark 
photoperiod. Inoculations are given, and rectal temperatures 
and venous blood samples are taken while the animals are 
under ketamine-Xylazine anesthesia. 

Sero-negative monkeys are inoculated intravenously or 
intramuscularly with various doses of recombinant RVF 
viruses. Mock-inoculated animals serve as controls. The ani 
mals are monitored daily for clinical signs of illness, includ 
ing weakness, paralysis or any alteration of physical condi 
tion. At various timepoints post-inoculation, blood, serum or 
other body fluid samples can be taken to assay RVF virus 
induced vircmia, anti-RVF virus antibody production, or 
other desired biological endpoints (for example, white blood 
cell count, red blood cell count, hematocrit, platelet count, 
AST and ALT). Moribund monkeys are euthanized and 
necropsied. 
To test efficacy of the recombinant RVF viruses as vac 

cines, inoculated and sham-inoculated monkeys are admin 
istered wild-type RVF virus at various doses. Animals are 
observed daily for signs of clinical illness, weight loss and 
respiratory distress. Animals that are in distress or moribund 
are immediately anesthetized and then euthanized. As 
described above, at various timepoints following inoculation, 
small blood samples can be taken to test for the presence of 
viral RNA. Serum samples can be collected to determine 
anti-RVF virus antibody titers. 

Example 8 

Vaccination of Human Subjects with Recombinant 
RVF Virus 

The safety and efficacy of recombinant RVF virus vaccines 
can be evaluated in human Volunteers according to proce 
dures well known in the art (Pittman et al., Vaccine 18:181 
189, 2000, herein incorporated by reference). Typically, 
human Volunteers are selected from those having occupations 
that put them at risk of infection with RVF virus, such as 
Veterinarians in endemic areas. All Volunteers are screened to 
ensure they are in good health. Informed consent is obtained 
from each Volunteer prior to vaccination. 

In this example, human Volunteers are injected with can 
didate rRVF vaccine Subcutaneously at an appropriate dose. 
The appropriate dose is the dose approved by the FDA, and 
can be determined from suitable animal studies conducted 
prior to human vaccination trials. Other routes of administra 
tion are possible, including intramuscular and intravenous. 
The vaccine can be administered as a single dose, or given in 
multiple doses, such as two, three or four doses. When admin 
istered in multiple doses, the booster doses can be adminis 
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tered at various time intervals, such as months to years. Serum 
samples can be obtained to determine neutralizing antibody 
titers and identify responder and non-responders to the vac 
cine. 

Vaccinated Volunteers are encouraged to return and report 

34 
obtained from vaccinated individuals, plaque-reduction neu 
tralization tests can be performed to determine how robust the 
immune response was to the particular rRVF virus. Vacci 
nated volunteers are also screened for the development of 

5 RVF virus infection. 
local or systemic reactions. Local reactions are assessed by 
grading pain and tenderness at the site of inoculation and/or This disclosure provides recombinant RVF viruses com 
axillary lymph nodes and measuring erythema and induration prising deletions in virus virulence genes. The disclosure 
at the site. Systemic reaction parameters include fever, chills, further provides methods of immunizing Subjects at risk of 
headache, malaise, myalgia, arthralgia, Sore throat, gastric to infection with RVF virus with the recombinant viruses. It will 
upset, dizziness, photophobia and skin rash. Additional labo- be apparent that the precise details of the methods described 
ratory samples, including complete blood cell count, chem- may be varied or modified without departing from the spirit of 
istry profile, B-HCG (in females), urinalysis, blood samples the described disclosure. We claim all such modifications and 
for viremia titrations, and oropharyngeal washing for viral variations that fall within the scope and spirit of the claims 
isolated culture can be obtained. Using serum samples below. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 15 

<21 Os SEQ ID NO 1 
&211s LENGTH: 1690 
&212s. TYPE: DNA 

<213> ORGANISM: Rift Valley fever virus 

<4 OOs SEQUENCE: 1 

acacaaagac cc cct agtgc titat caagta tat catggat tactitt cotg tdatat ctdt 60 

tgatttgcag agtggtcgt.c gtgttgttgtc. agtggagtac tittagaggag atggtc.ct Co 12O 

caggatacct tatto tatgg ttgggcc ctd ttgttgtc.ttt ct catgcacc at cqtcc tag 18O 

toacgaggitt cqcttgcgat tctctgattt ctacaatgtc ggagaattcc cataccgagt 24 O 

cgg acttgga gactittgcat caaacgttgc acct coacca gogaa.gc.ctt tt cagagact 3 OO 

tattgat cta at aggccata tact cittag tdattt caca aggttc.ccca atctgaaaga 360 

agc catat co toggcct cittg gagaaccct c actggctitt c tittgacctaa gotic tactag 42O 

agtgcatagg aatgatgaca ttagaaggga to agattgcc actictagdala taggagttg 48O 

Caagat Cacc aatgatctag aggactic Ctt tttggctta cacaggatga tagcgactga 54 O 

ggc catcCt c agagggattg acctgtgcct gttgc.caggc tittgat ct catgitatgaggit 6 OO 

tgct cacgta cagtgcgttc ggcttctgca agcagdaaaa gaggacattt Ctaatgctgt 660 

agttccaaac to agc cct cattgttctitat ggaggagagc ct gatgctgc gct cat cact 72O 

toccago atg atggggagaa acaactggat tccagttatt cotccaatcc cagatgttga 78O 

gatggaatca gaggaggaga gtgatgatga tiggatttgtt gaggttgatt agaggittaag 84 O 

gctg.ccc cac cc cccacccc ccaatcc.cga cc.gtaac ccc aact coccitt coccc.caacc 9 OO 

Ccctgggcag cc act taggc tigctgtcttg taagcct gag cqgctgc.cat gacagcagct 96.O 

gacggct tcc cattagaatc. cacaagt cca aaggctitt.ca agaatt citct cotcttctica O2O 

tggcttataa agttgctatt cactgctgcatt cattggct gcgtgaacgt tdcago aacc O8O 

to Ctcttttgttctacctic gaggtttggg ttgatgaccc gggagaactg. Cagcagatac 14 O 

agaga.gtgag catctaatat ticcicttaga tagt ctoctg gtagagaagg at CCaC catg 2 OO 

Ccagcaaagc tiggggtgcat catatgcctt ggg tatgcag gggataggcc gtCcatggta 26 O 

gtcc.cagtga caggaagc.ca ct cact Caag acgaccalaag cctggcatgt cc agc.ca.gc.c 32O 

agggcggcag caact cqtga tagagt caac to atcc.cggg aaggatt CCC titcCtttagc 38O 

ttatacttgttgatgagagc ct coacagtt gctittgcctt ctitt coacat titt catcatc 4 4 O 

atcct cotgg gcttgttgcc acgagittaga gccagaacaa to attittctt ggcatc ctitc 5 OO 











gaga.gctata agctacagct 

aaggaatcag atggtaagac 

ggtgat cacg ttgtc.cccat 

aagaga caac aatctaaagt 

agaggctt.ca tatggata 

cCaaggctta ggaatgtcac 

ataaggcaat gggcagaaga 

agcagagggg C cagat attg 

ggatgcc.cag tittatatt at 

gaggtggaga tigaaagtacg 

cagg acctac acattctato 

aagttcaat at Cagatgaggg 

aactgctggg tagatgtga 

tgttgagggga agagacagat 

atttgttctgaatct tcc ct 

gtcgaggagg cc catgatgt 

aagaacaatig cattcagtica 

gagatggagt cttittgatac 

atcagttcat tat citatgat 

tctaagatgg ggaga.gc.ctic 

gactatgatt tat caaaggit 

atagatgatc toggaattata 

Caataagcaa agt caggctt 

ttctgatact agcatagtgc 

<210s, SEQ ID NO 4 
&211s LENGTH: 33 
&212s. TYPE: DNA 

43 

aatctacaga 

aaaaac Caac 

aattgaagag 

tgtgcagaac 

t caggtocat 

aactaactgt 

Catggggg.tc 

gatgcattca 

taagggtgat 

gggct Ctact 

ttacactgca 

ggtggctcaa 

gtctgtagcc 

aaggggaatt 

aagat caaaa 

tgattatgat 

tgttgttgac 

atctgatgtc 

tgct catc cc 

agittaggaaa 

t ct ctitcaga 

tgaggaga.ca 

agatttaggg 

tacaatattg 

gtc.ctaagct 

ttgattggaa 

atgggagcc.g 

aaagtggtct 

Ctagagatag 

cagagcagcc 

acaaacaac C. 

ttcaggatgc 

atgtcagatg 

citcaacttgt 

t cagacaatg 

gcc ct gcaat 

CCaaaattta 

aacagaacca 

gtcggat.cta 

gcgittaatgg 

tgcatagagt 

aatct ctittg 

ttaatggata 

gttctagaaa 

actictacaga 

gatgttgg.cgg 

atactatgct 

ggcggtctitt 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 4 

aaaaaaggta ccgatatact tdataagcac tag 

<210s, SEQ ID NO 5 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 5 

aaaaaaagat Ctgattagag 

<210s, SEQ ID NO 6 
&211s LENGTH: 33 
&212s. TYPE: DNA 

gttaaggctg 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 
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Cagtgtcaaa 

tcc titcagag 

galacagtggg 

attatggagt 

aaaatgacat 

Catgggacct 

aggattatt c 

aaggacctag 

t catcagact 

acaccaa.gca 

atctoragt cc 

tatttgaga.g 

tat cago cat 

gactic to aga 

tgttct catt 

atctaatgat 

tggatgttag 

ggc.ca.gcc.ca 

agtttgttga 

gaccagalaga 

atgacatgct 

agt attggaa 

Synthetic oligonucleotide 

Synthetic oligonucleotide 

Synthetic oligonucleotide 

cgttgagata 

atttctagat 

tggatt catc 

tgggatttgg 

aggacagcc C 

gag tatt coa 

Ctectaaatct 

caa.gc.cattt 

gagaaaggag 

c catt cit cat 

aggcatttitc 

ggagccaagc 

ccttgagata 

gattgtgaga 

tgtc.gc.caat 

agaggatgcc 

tggcc ctitac 

ttacaaggac 

titatgctatt 

ctic cagdaaa 

aag cattagg 

aggctaagac 

tccatgtggg 

5040 

516 O 

522 O 

528 O 

534 O 

54 OO 

546 O 

552O 

558 O 

564 O 

st OO 

576. O 

582O 

588 O 

594 O 

6 OOO 

612 O 

618O 

624 O 

63 OO 

636 O 

33 

3 O 

44 
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<4 OOs, SEQUENCE: 6 

aaaaaaggta C catggtgag caagggcgag gag 

<210s, SEQ ID NO 7 
&211s LENGTH: 34 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO > SEQUENCE: 7 

aaaaaaagat citt tacttgt acagotcgt.c catg 

<210s, SEQ ID NO 8 
&211s LENGTH: 42 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 8 

aaaaaaggta cct gctgctg catcaacctic aacaaatcca to 

<210s, SEQ ID NO 9 
&211s LENGTH: 49 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 9 

aaaaaacgtc. tcaggagcag cagcagdaat ggtgagcaag ggcgaggag 

<210s, SEQ ID NO 10 
&211s LENGTH: 53 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 10 

aaaaaacgtc. tcactgctgc tigctgctgct gcatcaacct caacaaatcc atc 

<210s, SEQ ID NO 11 
&211s LENGTH: 4594 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic Plasmid 

<4 OOs, SEQUENCE: 11 

acacaaagct c cctagagat acaaacacta ttacaataat gigacaactat caagagcttg 

cgatccagtt totgcticaa gCagtggacc gcaatgagat tdaac agtgg gtc.cgagagt 

ttgctitat ca agggitttgat gcc.cgtagag titat caact cittaaag cag tatggtgggg 

Ctgactggga gaaggatgcc aagaaaatga ttgttctggc tictaact cqt ggcaacaagc 

cCaggaggat gatgatgaaa atgtcgaaag aaggcaaagc aactgtggag gct ct catca 

acaagtataa gctaaaggaa gggaatcCtt C ccgggatga gttgacticta t cacgagttg 

Ctgcc.gc.cct ggctggctgg acatgcCagg Ctttggit cqt Cttgagtgag tdgct tcctg 

t cactgggac taccatggac ggcct atc cc ctdcataccc aaggcatatg atgcaccc.ca 

gctittgctgg catggtggat CCttct ctac Caggagacta t ctaagggca at attagatg 

46 

33 

34 

42 

49 

53 

6 O 

12 O 

18O 

24 O 

3OO 

360 

42O 

48O 

54 O 
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agatalactac gatacgggag ggcttaccat Ctggc.cccag tict caatig at accgc.gag 498O 

acccacgctic accggcticca gattitaticag caataalacca gcc agc.cgga agggc.cgagc 5040 

gcagaagtgg toctdcaact titatic cqc ct c catccagtic tattaattgt togc.cgggaag 51OO 

Ctagagtaag tagttcgc.ca gttaatagitt togcaacgt tittgc.catt gct acaggca 516 O 

tcgtggtgtc. acgctcgt.cg tttgg tatgg Ctt catt cag Ctc.cggttcc Caacgat Caa 522 O 

ggcgagttac atgat CCCCC atgttgttgca aaaaag.cggit tagct cott C ggtcct CC9a 528 O 

tcgttgtcag aagtaagttg gcc.gcagtgt tat cact cat ggittatggca gcactgcata 534 O 

attct cittac tdt catgcca to cqtaagat gcttittctgt gactggtgag tact caacca 54 OO 

agt cattctg agaatagtgt atgcggcgac cagttgctic ttgc.ccggcg tcaat acggg 546 O 

ataataccgc gccacatago agaactittaa aagtgct cat cattggaaaa cqttctt cqg 552O 

ggcgaaaact Ctcaaggatc ttaccgctgt tagat C cag titcgatgtaa CCC acticgtg 558 O 

cacccaactg atctitcagca tottt tact t t caccagcgt ttctgggtga gcaaaaa.ca.g 564 O 

gaaggcaaaa toccaaaa aagggaataa gggcgacacg galaatgttga atact catac st OO 

tott cotttt toaatatt at tdaag cattt at cagggitta ttgtct catg agcggataca 576. O 

tatttgaatg tatttagaaa aataaacaaa taggggttcc gcgcacattt coccgaaaag 582O 

tgccacct ga cqtctaagaa accatt atta t catgacatt aacctataaa aatagg.cgta 588 O 

t cacgaggcc ctitt.cgt.ctic gcgcgttt C9 gtgatgacgg taaaacct C tacacatgc 594 O 

agct cocgga gacggit caca gcttgtctgt aag.cggatgc C9gagcaga caa.gc.ccgt.c 6 OOO 

agggcgcgt.c agcgggtgtt ggcgggtgtc. ggggotggct talactatgcg gcatcagagc 6 O6 O 

agattgtact gagagtgcac catt.cgacgc tict coctitat gcgactic ctg. Cattaggaag 612 O 

Cagcc.cagta gtaggttgag gcc.gttgagc accgc.cgc.cg Caaggaatgg tec atgcaa.g 618O 

gagatggcgc cca acagt cc ccc.ggccacg gggcctgcca C catacccac gcc.gaaacaa 624 O 

gcgct catga gcc.cgaagtg gcgagc.ccga t Cttic cc cat C9gtgatgtc. g.gcgatatag 63 OO 

gcgc.ca.gcaa cc.gcacctgt ggcgc.cggtg atgc.cggc.ca catgcgt.cc ggcgtagagg 636 O 

atctggctag catgaccct gctgattggt t cqct gacca ttt Cogggtg cgggacggcg 642O 

ttaccagaaa ct cagaaggt t catccalacc aaaccgactic tacggcagt ttacgagaga 648 O 

gatgat aggg totgct tcag taa.gc.cagat gct acacaat taggcttgta Cat attgtcg 654 O 

ttagaacg.cg gctacaatta atacataa.cc titatgtatica tacacatacg atttaggtga 66OO 

Cactatagaa tacaagcttg ggctgcaggt Cactaatac gactic act at ag 6652 

The invention claimed is: 
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1. A collection of plasmids comprising: 
(i) a plasmid encoding a full-length anti-genomic copy of 

the L segment of RVF virus; 
(ii) a plasmid encoding a full-length anti-genomic copy of 

the M segment of RVF virus, or an anti-genomic copy of 
the M segment of RVF virus comprising a complete 
deletion of the NSm ORF; and 

(iii) a plasmid encoding an anti-genomic copy of the S 
segment of RVF virus, wherein the S segment comprises 
a complete deletion of the NSS ORF, 

wherein the nucleotide sequence of the L segment plasmid 
is at least 95% identical to the nucleotide sequence of 

55 
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nucleotide sequence of the S segment plasmid is at least 
95% identical to the nucleotide sequence of SEQIDNO: 
14. 

2. The collection of claim 1, wherein the plasmids further 
comprise a T7 promoter and a hepatitis delta virus ribozyme. 

3. The collection of claim 1, wherein the nucleotide 
sequence of the S segment plasmid comprises SEQ ID NO: 
14. 

4. The collection of claim 1, wherein the nucleotide 
sequence of the M segment plasmid comprises SEQID NO: 
12 or SEQID NO: 15. 

5. The collection of claim 1, wherein the nucleotide 
sequence of the L segment plasmid comprises SEQID NO: 

SEQID NO: 13, the nucleotide sequence of the M seg- 65 13. 
ment plasmid is at least 95% identical to the nucleotide 
sequence of SEQID NO: 12 or SEQID NO: 15, or the 

6. An isolated host cell comprising the collection of claim 
1. 
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7. The isolated host cell of claim 6, wherein the cell 
expresses T7 polymerase. 

8. A method of preparing a recombinant RVF virus for 
immunization of a Subject, comprising: 

(i) transfecting cultured cells with the collection of plas 
mids of claim 1: 

(ii) incubating the cells for 1 to 5 days; and 
(iii) collecting recombinant RVF virus from the cell super 

natant. 

9. The method of claim 8, wherein the cells express T7 
polymerase. 

10. A recombinant RVF virus, wherein the genome of the 
recombinant RVF virus comprises a full-length L segment, a 
full-length M segment and a full-length S segment, wherein 
the S segment encodes a NSS-reporter gene fusion protein. 

11. The recombinant RVF virus of claim 10, wherein the 
reporter gene is fused to the C-terminus of NSs. 

12. A reverse genetics system for producing recombinant 
RVF virus consisting of three plasmids, wherein a first plas 
mid encodes an anti-genomic copy of a S segment, a second 
plasmid encodes an anti-genomic copy of a M segment and a 
third plasmid encodes an anti-genomic copy of a L segment of 
RVF virus, and wherein each plasmid comprises a T7 pro 
moter and a hepatitis delta virus ribozyme, 

wherein the nucleotide sequence of the S segment plasmid 
is at least 95% identical to the nucleotide sequence of 
SEQ ID NO: 11 or SEQ ID NO: 14, the nucleotide 
sequence of the M segment plasmid is at least 95% 
identical to the nucleotide sequence of SEQID NO: 12 
or SEQID NO: 15, or the nucleotide sequence of the L 
segment plasmid is at least 95% identical to the nucle 
otide sequence of SEQID NO: 13. 

13. The reverse genetics system of claim 12, wherein the 
nucleotide sequence of the S segment plasmid comprises 
SEQID NO: 11 or SEQID NO: 14. 

14. The reverse genetics system of claim 12, wherein the 
nucleotide sequence of the M segment plasmid comprises 
SEQID NO: 12 or SEQID NO: 15. 

15. The reverse genetics system of claim 12, wherein the 
nucleotide sequence of the L segment plasmid comprises 
SEQID NO: 13. 

16. An immunogenic composition comprising the recom 
binant RVF virus of claim 10 and a pharmaceutically accept 
able carrier. 
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17. The collection of claim 1, wherein the nucleotide 

sequence of the L segment plasmid is at least 95% identical to 
the nucleotide sequence of SEQ ID NO: 13, the nucleotide 
sequence of the M segment plasmid is at least 95% identical 
to the nucleotide sequence of SEQID NO: 12 or SEQID NO: 
15, and the nucleotide sequence of the S segment plasmid is 
at least 95% identical to the nucleotide sequence of SEQID 
NO: 14. 

18. The collection of claim 17, wherein the nucleotide 
sequence of the L segment plasmid comprises SEQID NO: 
13, the nucleotide sequence of the M segment plasmid com 
prises SEQID NO: 12 or SEQID NO: 15, and the nucleotide 
sequence of the S segment plasmid comprises SEQ ID NO: 
14. 

19. The reverse genetics system of claim 12, wherein the 
nucleotide sequence of the S segment plasmid is at least 95% 
identical to the nucleotide sequence of SEQ ID NO: 11 or 
SEQID NO: 14, the nucleotide sequence of the M segment 
plasmid is at least 95% identical to the nucleotide sequence of 
SEQ ID NO: 12 or SEQ ID NO: 15, and the nucleotide 
sequence of the L segment plasmid is at least 95% identical to 
the nucleotide sequence of SEQID NO: 13. 

20. The reverse genetics system of claim 19, wherein the 
nucleotide sequence of the S segment plasmid comprises 
SEQID NO: 11 or SEQID NO: 14, the nucleotide sequence 
of the M segment plasmid comprises SEQID NO: 12 or SEQ 
ID NO: 15, and the nucleotide sequence of the L segment 
plasmid comprises SEQID NO: 13. 

21. A method of immunizing a subject against RVF virus 
infection, comprising administering to the Subject the immu 
nogenic composition of claim 16. 

22. The method of claim 21, wherein the subject is live 
stock. 

23. The method of claim 21, wherein the subject is a 
human. 

24. The method of claim 21, wherein the immunogenic 
composition is administered in a single dose. 

25. The method of claim 21, wherein the immunogenic 
composition is administered intravenously, intramuscularly 
or Subcutaneously. 
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