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1.1. RABIES 

1.1.1. Introduction 

Rabies is a severe and fatal disease of the central nervous system 

(encephalomyel itis) of warm-blooded vertebrates, including man. Early 

symptoms of rabies in humans consist of fever, headache and malaise. As the 

disease progresses, neurological symptoms appear (Figure 1.1) that include 

insomnia, anxie'~y, confusion, paralysis, excitation, hallucinations, agitation, 

hypersalivation, difficulty swallowing and hydrophobia. Death usually occurs 

within days of the onset of symptoms (Dept of Health, 1996). 

Figure 1.1. A dog showing advanced signs of rabies characterised by paralysis 

(http://.www.adam.com). 
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cases 

Table Confirmed cases of infection with 

VICTIMS SOurH AFRICA NAMIBIA 

1928·91 1938·91 

DOMESTIC ANIMALS 

Dogs 3322 611 

Cats 437 66 

Cattle 2211 1395 

Gollls 60 72 

Horses and donkeys 53 25 

Pigs 25 2 

Willer buffalo 

Guinea pigs 

Totsl domestic animals 6228 2228 

WILD ANIMALS 

Yellow mongoose 2034 

Unspecified mongooses 1272' 16 

Slender mongoose Galerella sanguinea 16 

Small mongoose G 38 

Large grey mongoose Herpestes ichneumon -

Banded mongoose Mungo!; mungo 3 

Water mongoose Atilax paludinoS'lls 11 

Selous' mongoose Paracynictis selousi 

Dwarfmongoose 

Wbite-tailed mongoosefchneumia albicauda2 

Suricate Sur/cat a suricalta 112 4 

Civa Civetlictis civetta 3 

Sman spotted genet 167 23 

badger Mellivora capensis 18 24 

Striped polecat Ictonyx striatus 66< 2 

Striped weasel Poecilogale albinuchal 

Unspecified ~ species 

Lion Panthera leo 4 

Leopard P.pardus 2 

Cheetah Acinonyx jubatus . 4 

1 

BOTSWANA 

1938·91 

611 

12 

706 

184 

30 

1550 

15 

8 

5 

cases 

in southern Africa 

ZIMBABWE 

]950·91 

3851 

138 

14:26 

73 

73 

17 

5658 

54b 

39 

2 

4 

22 

38 

5 

:2 

4 
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African wildcat Felis lybica 13 

Caracal F caracal 14 

Serval F serval 

Small-spotted cat F. nigriPes 3 

Onspecified felids 168 

Black-backed jackal Canis mesomelas 206d 

Side-striped jackal C. adustus 

Bat-eared fox Otocyon megalotis 

Wild dog Lycaon pictus 

Cape fox 

Aardwolf 

Brown hyaena 

Spotted hyaena 

Onspecified carnivores 

Vu/pes chama 

Proteles cristatus 

Hyaena brunnea 

Crocuta crocuta 

263 

7 

22 

Porcupine 

Ground squirrel 

Hystrix africaeaustralis -

Xerus inauris 32 

Greater canerat Thryonomys sWinderianus 2 

Antbear Orycteropus afer 

Cape hyrax Procavia capensis 8 

Chacma baboon Papio uninus 

Vervet monkey 

Lesser bush baby 

Cercopithecus aethiops -

Ga/ago moholi 

Warthog Phacochoerns aethiopicus ] 

Duiker Sylvicapra grimmial 7 

Steenbok Raphicerns campestris 4 

Kudu Tragelaphus strepsiceros 3 

Eland Taurotragus oryx 

Red hartebeest Alcelaphus buselaphus 

Blesbok Damaliscus dorcas phillipsi 

Reedbuck Redunca arnndinum 

Springbok Antidorcus mar-supialls 3 

Burchell's zebra Equus burchelli 

Unspecified herbivores 6 

Epauletted fruit bat Epomophorns wahlbergi 14g 

Slit-faced bat Nycteris thebaica 1 

Long-fmgered bat Miniopteris schreibersii 1 h 

Scrub hare Lepussaxatilis 

Unspecified/unidentified 33 

Total wild animals 4575 

Total 10803 

HlJMANS 282 

a 

b 

Believed to be mainly C. pent cillata 

Believed to be mainly G. sanguinea 

c Probably includes some P. albtnucha 

d Possibly includes a few C. adustus 

e Probably includes many C. adustus 

f Captive animalls 

g 

h 

9 

385 

17 

2 

987 

3215 

12 

2 

38 

19 

285 

1835 

32 

2 

6 

2 

3 

1825 

7483 

158 

Only two bats positively identified as E. wahlbergt 

Idwtification of species based on circumstantial evidence 
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B01'5WANA 

N MIBtA 

INDIAN OCEAN 

Figure 1.2. The geographical distribution of the most important rabies vectors in South Africa 

(www.nbi-kzn.org.zalinterestlfig1 .htm). The area where the black-backed jackal (shaded in 

green) is the principal vector is in the northern regions of South Africa, The feral dog is 

responsible for the majority of infections in KwaZulu-Natal (shaded in red). In the central region 

of South Africa the yellow mongoose is the principle vector (shaded in yellow), while in the 

Western and Eastern Provinces the Bat-eared Fox is the main vector (striped shading). 
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1.1.2. Rabies virus morphology 

Rabies is caused by an infection with rabies virus, the prototype virus (serotype 

1) of the Lyssavirus genus which is a member of the Rhabdoviridae family 

(Rupprech et al., 1990; van Reggenmortel et aI., 2000 and Wagner, 1990). The 

virus contains a non-segmented negative strand RNA (Wagner, 1990) and five 

structural proteins (Madore and England, 1977). Rhabdoviruses have a 

distinctive morphology; they are rod-shaped particles with one end rounded and 

the other 11attened giving them the appearance of bullets. Figure 1.3 is a 

diagrammatic representation of a rhabdovirus virion. The virions are 

approximately 180nm long and about 80nm in diameter (Wunner, 1991). The 

nucleocapsid (160-50nm) is surrounded by a lipid bilayer envelope that is 

derived from host cell membranes and through which flattened spikes or 

peplomers, each composed of three molecules of glycoprotein (RG), project 

over the entire surface of the virion. 

Envelope 
(membrane) 

Matrix protein 
Glycoprotein 

Figure 1.3A. A diagrammatic representation of a transverse section of the structure of rabies 

virus. 
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Envelope 
(membrane 
bilayer) 

Ribonucleoprotein 

RNA 

Matrix 
protein 

Figure 1.3B. A diagrammatic representation of the structure of rabies virus. 

(www.cdc.gov/ncidod/dvrd/rabies) 

Of the five structural proteins comprising the rabies virion, only the glycoprotein 

(the nucleotide sequence of the RG gene is presented in figure 1.5) spans the 

viral lipid envelope. Beneath the lipid bilayer is a matrix protein, which binds the 

nucleocapsid to the envelope (Emerson, 1985). The helical nucleocapsid 

consists of an RNA genome (11932 nucleotides) that is bound to the 

phosphorylated nucleocapsid protein. An RNA-dependant RNA polymerase IS 

also associated with the helix. 

Figure 1.4. Negatively stained 

rhabdovirus as seen through an 

electron microscope. The bullet­

like shape of the virus can be 

seen as well as the striations of 

the ribonucleoprotein (RNP) and 

the glycoprotein spikes in the 

outer membrane bilayer 

(http://www.virology.netiBig Virol 

ogy/Special/Rabies 1 /Rabies.htm ; 

micrograph by Steven Vernon). 

11 
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phase, They lose the ability to swallow due to muscle spasms and exhibit 

hydrophobia as a result. This is kno'lM1 as the furious form of the disease. 

Death supervenes soon after pal ients enter the comatose stage of the illness. 

Some patients become paralytic during illness. This is known as the dumb 

form of the disease (Hatwick and Gregg, 1975). 

Cycle of I nfection ~.nd ~~~plication 
3. Uncoatlng , fr0.\,-

, EiJwIope ~ ~ ~ \ ).,.....,~ Penetration 
4.~ , / ~. \ " :;i'~ VlrusenlTy 

~ -..... ~'~S' \ " '\ - >~ 
4. Transcrip~on , ~~ , I ' \ 

SymheslSolm~s - -' - ~ :.~~\~. Adsorption 
, ' - - - ( '\ R~1OfS and VIrion 

/) .. ~ IntfluK:tion 
5. Translation ,/ ~ 

SynthesIs or 5 srr~;;', pro, 181M, '\'\.~~,7 J.' 
"~. .. ........ ~ ,," c:J ~ '" H'1 cell receptors 

~ " " ~~ c::!7 ' I 
, ~. G-Pro~_sL...nthesits site J.~ 

'. ~ ""- "'I';~ 
6. Processing ' ;.#! . -~ . _~. ~ , 'j ;~". , '9. Budding 

I -"."'" t - -=.' ~ ""'~' \ 5S);\"" G·proreingycosyf8tJon, ; ," ;".J<~'f~" . .--- '~ 1.., c.:!: 

~ 
'. - ' -~ -- " \,. 

, / \ ' , / " , ' '\ \ Complete virions 

7. Repllc" , / \ ~ 8: A;;embly \\ 
Productto genomic RnA I . 1- \: 
from + jrttermediil/e !ltrand " ~ ~ 

I , 

j 

Figure 1.6. Diagramatic representation of the replication cycle of RV 

(www,cdc.gov/ncidod/dvrd/rabies) 

A recent theory regarding the pathogenisis of RV was described by Galelli et aI, 

(2000) who induced non-fatal paralysis in BALB/c mice by infecting them with 

the attenuated Pasteur strain of RV and characterised the spread and 

localisation of RV in the central nervous system. They suggested that three 

events were critically associated with the development of neurological 

symptoms. These were; the amount of virus in the central nervous system; the 

16 
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brain) is still used (John, 1997), however, the majority of rabies vaccines used 

for humans are inactivated RV. Data is not readily available on the cost of RV 

control in South Africa specifically, however, it must be noted that the RV 

control program in the United States of America was estimated to cost anything 

between $230 million and $1 billion per annum (Fishbein and Arcangeli, 1987), 

which today may be a conservative estimate. The result of this expenditure ~ s 

that there are only one or two human deaths per year in the USA. Since the 

most cost-effective method of preventing the spread of rabies is to vaccinate the 

animal vectors, much work has gone into developing a diverse porfolio of 

commercial rabies vaccines for use in animals. Table 1.2 and 1.3 summarises 

the most readily available commercial veterinary rabies vaccines 

(www.avma.org). 

Figure 1.7. Raccoon blood being drawn to assess RV immunity after consuming a bait 

containing w-RG (http://www.co.fairfax.va.us/seNice/hd/rabiespic01.htm). 

19 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1.2. :"'i"nm' ..... '~I"'1 InalCUllal'ea RV vaccines. 

Manufacturers Product Booster 

Fort Trimune "Yr1 then 

Anumune 

RABVAC3 horses 

ECLIPSE 3 1 FeLV/R cats 

ECLIPSE 41 FeLVlR cats 

Fel-O-Guard 31 FeLVlR cats 

Fel-O-Guard 4 1 FeL VIR cats 

Fel-O-Vax PCT-R cats "Yr1 then 

Merial IMRAB3 "Yr1 then 

horses/ferrets 

IMRAB BOVINE PLUS 

IMRAB 1 

Feline 311MRAB cats 

Feline 4 1 IMRAB cats 

Rabies 1 LEUCAT cats 

PLiREVAX Feline 4/Rabies cats 

Rabies+LEUCA T 

Rabisin 

Pfizer RABDOMUN 1 

Intervet PRORAB-1 

PRORAB-3F 

MYSTIQUE II horses 

.. Yr1 means one vaccination at 

20 
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1.3. 

Manufacturer 

Merial PLiREVAX feline rabies 

Rabies live 
canarypox vector 

RABORAL V-RG 

Rabies live 
vaccinia virus vector 

or 

1 

vaccines 

Booster/route 

cats 
cutaneous 

Raccoons As determined local 
authorities - oral 

nerve 

1 

was 

IJse 

was 

was 

use 
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1 A ,...,.. ...... :2.'\./ of the in 

cell rabies 1M: 
vaccine - inactivated Humans Excellent 00,07, Plotkin 

standard" 02B 
Purified vera cell rabies vaccine Humans 

As as HoCV IMllo: at a.1 

Varorab 00,07, 

028 

cell Humans Good memory 1M Oietzschold and 

vaccine response after 

Purified chick cell Humans, 1M: Zanettieta.l 

culture rabies vaccine As asHOCV 07,028 

Humans Failed in mice when IP:OO 

with wild and 07 

Derived from RV infected Humans, cattle, RV 

brain tissue etc. induced 1M etsl. 

autoimmune 

vaccines 

Street Alabama ouffenn Carnivores Good Oral 

baboons and 

rodents 

SAD-Avirulent-Gif Mammals and Protective and non- Oral etal. 

RGmodified birdS 

-1M denotes intramuscular route of inoculation; 10 denotes intradermal route of inoculation; IP denotes intr'AnI'~ril'r'n .. ;,,1 

route of inoculation 
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results 
Reeam 

+dose dose Result 

RVac-G 10 Ip· 20MFPL05o 100% survival et 131., 1994 

mouse FP in mice 

RVac-N Vaccinia virus 10 20MFPLOso et a/., 1994 

mouse FP in mice 

V-RN Vaccinia virus 10 8.5 106 .3 20-30% Fekadu et a/., 

1M survival in 1992 

V-RG 10 8
.
5 10 106

.
3 MICLOso 100% survival Fekadu et 131., 

1M" in 1992 

V-RG+N Vaccinia virus 10 8
.
5 10 MICLOso 100% survival Fekadu et 131., 

ofRV 1M in dogs 1992 

CPV-RG 10 0.5-7.5 16 10-100% et 131., 

mouse survival in 1991 

Mouse Fpd mice 

CPV-RG 10 0.5-7.5 3.52 LOso 0-100% eta/., 

RG TCIOso 1M survival in 1991 

dog SC· 

CPV-RG 10 0.5-7.5 4.12 LOso 30-100% eta/., 

RG TCIOso cat 1M survival in cats 1991 

catSC 

FPV-RG 10 1.5-7.5 16 LOso 0-70% survival et 131., 

RG TCIOso mouselC in mice 1991 

Mouse FP 

VFP3 10 0.7-8.7 10/12.5 LOso a-a0%/0-50% etal, 

TCIOso mouselC survival in 1988 

Mouse FP mice 

b=intradermal; c=tissue culture 50% infectious dose d=via the e=subcutaneous; f=mouse 

intracerebral 50% lethal dose; h ::: intramuscular; i=intracerebral; j :::: 50% lethal dose. 
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1.2. LUMPY SKIN DISEASE VIRUS (LSDV) 

1.2.1. Introduction 

Lumpy skin disease (LSD) is caused by a capripoxvirus (of the family 

Poxviridae) of which the prototype strain, "Neethling", was first isolated in South 

Africa (Alexander et aI., 1957). The disease can vary between an acute, 

subacute or subclinical viral disease that primarily infects cattle. The acute form 

is characterised by fever and necrotic skin nodules. Nodules may also appear 

in the skeletal muscles and mucosae of the digestive and respiratory tracts. 

The peripheral lymph nodes are usually inflamed (Weiss, 1968). Clinically the 

skin lesions of LSD are similar to those caused by Allerton strain of bovid 

herpesvirus 2 (Alexander et aI., 1957). LSD has a mortality rate of up to 40% 

but is economically important because of the effects it has on cattle herds. Milk 

herds can stop producing milk as well as becoming debilitated; beef herds 

become emaciated and useless as beef producers; and bulls as well as cows 

can become infertile after contracting LSD (Henning, 1956 and Barnard et aI., 

1994). In addition, the lesions cause permanent damage to the hides of 

infected cattle (see figure 1.8), which impacts heavily on the leather industry. 

Figure 1.8. LSDV 

nodules on the neck of 

an infected animal 

(www.aphis.usda.gov/ 

us/ep/fad_training/pox 

voI4index.htm). 
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Figure 1.9. Cross-section through a LSDV nodule on the hock of an infected animal 

(www.aphis.usda.gov/us/ep/fadtraining/poxvoI4index.htm). 

1.2.2. LSDV Pathogenesis 

Subcutaneous or intradermal inoculation of cattle with LSOV results in a 

localised swelling at the site of inoculation after 4 to 7 days as well as 

enlargement of the regional lymph nodes. The skin nodules appear 7 to 19 

days post inoculation (Weiss, 1968). Viraemia occurs after the initial febrile 

reaction and persists for 4 days. Epithelial, endothelial, pericytes, fibroblasts 

among other cells types become infected with LSOV. The virus is present in 

skin nodules, normal skin, lymph nodes, liver, kidneys, skeletal muscle, saliva 

and semen of infected animals. In experimentally infected cattle, LSDV was 

isolated from saliva for 11 days after the development of fever, in semen for 22 

days and in skin nodules for 33 days but never in faeces or in urine. 

Pneumonia is a common and often fatal complication of LSD. Lesions may be 

found throughout the upper respiratory tract and focal or larger areas of grey 

consolidation may develop in the lungs together with larger areas of 

bronchopneumonia. Inhalation is a sequel of the necrotic lesions in the 

respiratory tract and it may prove fatal even months after the initial infection 
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cytoplasm 

vaccinia virus 
+ DNA polymerase 

~ . d __ ---..'nterme . lranscr. 
early mRNA -------.. factors 

+ RNA polymerase 

growlh faclors 

immune defense " 
molecules 

c 
o 
"3 Ol 

"0 "~ 
"' CD 

'" '" ~ '" ~ 0 

'" ro E c-
o>..:: roZ 
~D 
o 
o 

Inlemlediale mRNA 

la(e transcription factors 

late mRNA 

late enzymes 
early transcription faclors 
structural proleins 

+ assembly 

r \ 
"-

Figure 2.1. Replication cycle of vaccinia virus. Virions enter the cells by as yet unknown 

mechanism (see text for more detail), releasing cores into the cytoplasm. The cores synthesis 

early mRNAs that are translated into a variety of proteins. Uncoating occurs and the DNA 

replicated. Intermediate genes are transcribed and translated. Assembly begins once the late 

mRNAs have been translate. The concatemeric DNA intermediates are resolved and packaged 

in immature virions. Maturation takes place to finally produce the infectious virus. Taken from 

Moss, 1996 and modified by N.M.E. Johnston (2001). 

Much of what is known about poxvirus replication is based on W replication. 

Refer to figure 2.1 for a diagrammatic representation of the replication cycle of 

W. It is generally accepted that poxviruses enter cells by means of fusion with 

the plasma membrane (Doms et aI., 1990) of the target cell, or alternatively, by 

endophagocytosis into the said cell (Dales and Kajioka, 1964). Experiments 

using Iysomotropic agents (weak bases which can raise the pH of endosomes, 

thus blocking proteolysis) increased the infectivity of vaccinia virus (Janeczko et 

al., 1987) and subcellular fractionation studies showed that virion proteins 

remained in plasma membrane-containing fractions and consequently, there 

was an absence of viral polypeptides in the fractions from endosomes 
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adenine I 
(pepp 

de nova 

+---F azaserine 

1 mycophenolic 
acid 

)iar:thine 

rPPPP 

1"4-
t 

guanine 

rPPPP 

gpl -----+ 1 hgpr 

AMP I~ 'I--IM-P------,It Lf __ XM_p_----'I-Jo LI __ G_M_P_--l 

t hgprt 
I 'pppp / 

hypoxanthine / 

'----------'1 RNA & DNA . 

Figure 2.2. An illustration of the purine salvage pathway displaying enzymes and inhibitors of 

interconversions. Taken from Meuth and Harwood, 1991. Mycophenolic acid inhibits inosinate 

dehydrogenase (IMP). The E.coli gpt gene that encodes xanthine-guanine 

phosphoribosyltransferase overcomes this block. Xanthine is a poor substrate for HGPRT and 

is not normally used by animal cells as a precursor to guanine nucleotides. 

Enz 1 Enz 2 -RG Gene 

Infectious LSDV 

L~ I 
Shuttle Vector 

\ ~ ) Recombinant 

'" /1 plasmd vector 

InfecNon \ /~ 
_----:~.,... Transfection 

/~~I~--~ 
( Permissive LT C~II',' '..,.' _--,-, 

I I 

~ RecombinantLSDV-RV 
~ selected 

'MId type LSDV 
progeny 

Figure 2.3. Production of recombinant LSDV. Enz = restriction sites, pE/L = fowtpoxvirus 

promoter, rr and rr' = two sections of a non-essential ribonucleotide reductase gene of LSDV. 

Adapted from Baxby, 1993 by N.M.E Johnston 
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Commercial 
French 
vaccine 

ERA 

Madiboven 
Rabdomun 

Rabisin 

Verocell 
culture 

Raksharab 

(1 

was a 

Cattle rabies vaccine trials - an overview. 

Booster Results and comments Refer 

Inactivated RV or 
ERA 

16 months 

none 

none 

1 year 

Inactivated RV booster 
antibodies than did 

titres declined 

levels of Oliveira 
detectable at 

a/., 2000 

:"""'Pn,,,"'" 1M with in month 55 with Blancou 
All controls died and test cattle survived. at 

al., 1984 

at 15 and lowered Trani at 
15 the level ai, 1982 

90. 

titres 
had 

vaccines. 

Ab titre (Iu/ml) tested days p.1 

10 15 20 30 40 50 95 120 150 

0.48 0.83 2.33 7.00 12.7 12.7 37.33 16.0 10.0 
0.29 0.66 1.33 2.30 3.67 4.67 10.67 10.3 5.33 

0.37 0.75 1.26 2.83 5.00 6.67 16.00 9.33 4.67 
0.25 0.54 0.75 1.67 2.67 2.67 8.00 3.33 1.67 

Diazand 
Lombard 
0,1981. 

Sihvonen 
et 

a/., 1994; 

at 
a/., 1998 

Basheer 
at al., 
1997. 

Basheer 
et a/., 
1997. 

10 0.25 0.32 1.20 2.40 3.00 4.0 2.40 1.60 0.90 
Basheer 

et a/., 
1997. 

a 
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gene as described in Appendix B5. 

Expression of the RG by L T cells infected with rLSDV-RG was confirmed by 

direct immunofluorescent staining (see Appendix B6). The rLSDV-RG L T cell 

layer was initially blocked using a 2% solution of ovalbumin in PBS, and 

subsequently stained with a 1:40 dilution of fluorescein-labeled rabies 

antibodies (Becton Dickinson, USA) in PBS. 

80/11 Sa/1 fraament liaated into 

Sca1 

Sca1 

/ 

Sca1 

Hind111 

Figure. 2.4. Flow diagram (not to scale) of cloning strategy used to produce pAFMCRR (LSDV 

shuttle vector) and pAFMCRR. The 89/11 - Sa/1 fragment was excised from pAF09 and cloned 

into the cloning vector, pMTL 25. The major Pst1 fragment was then excised and cloned into 

pLSD-RR 
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Infection and 
transfection of cell 
monolayer 

Plasmid p~ 
+ LSDV . 

cells 

~ ~ 

B-gal assay on monolayer. 
Pick positive foci. 

B-gal assay on monolayer. 
Pick positive foci. 

Repeat up to 5 times to 
ensure a homogenous 
population 

Incubate for 48 hrs 

~ .• 
~ 

+ 
Seed onto fresh 
cells and incubate 
with mycophenolic 
acid for 48 hours 

(ii'\ 
~ 
~/ 

Scale-up and make 
master seed stock Ef 

Figure 2.5. Production of recombinant LSDV (Adapted from Ring and Blair, 2001). In the 

production of rLSDV-RG, the positive foci were picked five times and subsequently passaged 

through LT cells eight times. 
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\ 
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.EcoRV 
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/ 6000 
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• 
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4000 
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... BssH11 

.Dra111 

Sau1 

Figure 2.6. Recombinant shuttle Vector, pAFMCRRG, containing the rabies virus glycoprotein 
(RG) insert. Not to scale. 

2.6.3. Immunofluorescence assay to confirm expression of RG by rLSDV­

RG-infected L T cells 

After 8 passages of rLSDV-RG through L T cells, expression of the RG was 

confirmed (figure 2.8) by immunofluorescence using FITC-Iabeled anti-rabies 

antibodies (Becton Dickinson, USA). Cells were counter-stained with Evan's 

Blue, which renders the nuclei of cells red when viewed under a fluorescent 

microscope. Cytoplasmic fluorescent staining was seen surrounding the nuclei 

of cells. These areas of fluorescence are likely to be viral factories, sites of 

rLSDV-RG replication. 
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Figure 2.7. rLSDV-RG was generated according to the methods outlined by Macket et al (1984). 

Transient expression of the lac Z reporter gene is confirmed using the X-gal stain. A: LSDV-infected L T 

cells transfected with pAFMCRRG and DOTAP, stained with X-gal, and photographed at 100x 

magnification using an Ilford tungsten film. An X-gal overlay was added to the cell layer to detect 

expression of the lac Z reporter gene. B: results of an X-gal overlay on cells infected with rLSDV-RG after 

a single passage at a 11( magnification. Notice the isolated blue foci. Positive foci were picked and 

passaged through L T cel s 8 times until stable expression of the reporter gene was confirmed. C: X-gal 

stained L T cells infected with rLSDV-RG that had been picked 5 times and passaged 8 times, taken at 

100x magnification with al Ilford tungsten film. D an x-gal overlay on L T cells infected with rLSDV-RG that 

had been picked 5 times and passaged 8 times, taken at 1x magnification. 
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Figure 2.8. Direct immunofluorescent assays using FITC-Iabeled anti-RG antibodies (Becton, 

Dickinson, USA) at a 1 :6000 dilution in PBS. LSDV-wt- infected L T cells at 100x magnification 

(A) display no immunofluorescence, while rLSDV-RG-infected L T cells at 100x magnification 

display immunofluorescence (B). 

L1 L2 L3 

-4---- 1600bp 

Figure 2.9. A 0.8% agarose gel was loaded with DNA extracted from rLSDV-RG - infected L T 

cells in lane 1 (L 1); DNA extracted from LSDV-wt - infected LT cells in lane 2 (L2) and 200ng of 

RG excised from purified plasmid (pAFMCRRG; Figure 2.6) DNA in lane 3 (L3). The DNA 

extracts were digested with BamH1 and Sa/1 restriction endonucleases. Similar amounts of 

DNA were loaded into lane 1 and 2. The resulting gel, after running for 2 hours was analysed 

by Southern blotting and probed with p32-labelled purified RG DNA. The corresponding 

autoradiograph indicates the presence of the 1.6kb RG gene in rLSDV-RG-infected L T cells 

despite the occurrence of DNA degradation. 
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Figure 2.10. rLSDV-RG virions from infected L T cell supernatant, negatively stained with 

phosphotungstic acid and viewed in a Hitachi-600 electron microscope. The surface tubules 

can clearly be seen (A) as well as the internal core structure (B). LSDV-wt virions from infected 

L T cells negatively stained with phosphotungstic acid and viewed in a Hitachi-600 electron 

microscope (courtesy of L Stannard). Both external tubular (C) and internal structure (D) can be 

seen. There are no obvious phenotypic differences between the rLSDV-RG and the LSDV-wt 

virions. 

2.6.6. Effect of immunisation with rLSDV-RG on cattle. 

Following the primary IIVI inoculation of rLSOV-RG, no visible reaction was 

observed at the site of inoculation in the calves. After the first SC booster 

inoculation, all calves developed a lump 2cm in diameter at the site of injection, 

which is a typical LSDV vaccine reaction. In this experiment, this is a useful 

indication that the LSDV vector indeed replicates. After the second booster 

inoculation, calves 9L34 and 9L48 developed a small lump at the injection site, 

while the other two calves showed no reaction to the injection. After the third 

booster inoculation, 9L34 and 9L49 developed a 1 cm sub-dermal lump, 9L47, a 

O,5cm sub-dermal lump at the injection site, while 9L48 displayed no reaction. 

2.6.7. Antibody response to vaccination with rLSDV-RG. 

Figure 2.11 shows the rabies virus antibody response (represented by 00) of 

the four cattle, 9L37, 9L47, 9L48, and 9L49 inoculated with rLSDV-RG. Sera 

taken prior to the first inoculation (day 0) were negative with 00 values of 
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taken prior to the first inoculation (day 0) were negative with 00 values of 

0.059, 0.052, 0.053 and 0.054 respectively. The test results were not corrected 

to negate the pre-bleed 00 values. 

All four test cattle seroconverted after the primary inoculation (day 0) and with 

00 values of 0.111, 0.943, 0.693 and 0.29. 9L49 had the lowest 00 value after 

the first inoculation. It was speculated that the initial inoculation was not 

effective, however, since the 00 values varied so notably, it may be a function 

of the individual animal's ability to respond to an immunogen. The four animals 

00 values varied because they were out-bred cattle and responded differently 

to the inoculations. For example, 9L47 did not appear to have a markedly 

increased 00 reading after the first boost on day 28 where the other three cattle 

did. This may be because the antibody response after the first inoculation was 

still high and therefore no booster effect was seen. Alternatively, the second 

booster in this animal was not effective. After both the first and second booster 

inoculation, 9L34 appeared to have the best 00 reading and thus the highest 

titres of RV antibodies. Both booster inoculations (at days 28 and 95) caused 

the antibody levels to rise sharply. All four cattle exhibited the highest 00 

values on days 42 and 95, a week after receiving a booster inoculation. Despite 

the differences in the individual 00 values, all four cattle mounted a detectable 

anti-rabies antibody response after being immunised with rLSDV-RG. 

.. .. Figure2.11 . 

antibody 

RG-specific 

responses as 
2.5 

2 

E 1.5 

-'-9L34 

-D-9L47 

measured by ELISA of cattle 

9L34(-), 9L47(D), 9L48("'), 

and 9L49(x) in response to an 

initial 1M inoculation of rLSOV-
r:: 

N 
Q) 

::!. 
c 
0 

0.5 

0 
0 50 100 150 200 250 

Time (days) 

300 

RG (1x106ffu/ml), a SC booster 

inoculation of the same virus 

preparation (1 x1 06ffu/ml) at day 

28 and a second 1M booster, 

also of the same virus 

preparation (1 x1 06ffu/ml) at day 

95. Each data point represents 

the mean 00 (492nm) of 

duplicate determinations. The 

serum was diluted 1 :500 in 

diluent. Arrows indicate the 

time of booster inoculations. 
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Table 2.3. 

Rabies virus neutralising antibody levels (in IU/ml) in the cattle sera. A value of 0.5 IU/ml is 

taken as the maximum level at which non-specific neutralisation can occur (Dutta et aI., 1992). 

Animals were boosted on the days indicated in red. 

Day Calf 9L34 Calf 9L47 Calf 9L48 Calf 9L49 

o (Prebleed) 0.0 0.0 0.0 0.0 

28 27.0 186.2 15.5 15.5 

35 (7 days post boost 1) 501.0 165.9 55.0 95.5 

48 1000.0 48.5 146.2 48.4 

95 14.0 42.0 95.5 24.0 

102 (7 days post boost 2) 1513.5 125.0 14.0 501.0 

123 146.6 64.0 16.0 1000.0 

143 166.0 42.0 24.0 166.0 

301 27.0 81.3 2.9 20.4 

500(14 days post boost 3) 9.2 5.3 7.0 27.9 

None of the horse sera showed ELISA readings above the threshold of the 

assay, implying that there was no significant humoral response against the 

rLSDV-RG or other proteins in the vaccine preparation. This confirms that the 

immune responses detected in the cattle were produced against the live 

recombinant rLSDV-RG vaccine. 

Table 2.4 shows the LSDV neutralisation results of the four test calves before 

inoculation and at various time points throughout the experiment. According to 

personal communication with Dr Gerdes (2001), who routinely performs the 

neutralisation assays to LSDV vaccinated animals at Onderstpoort Veterinary 

Institute, neutralisation results are not directly extrapolatable to protective ability 

and that the results obtained in this experiment are comparable with animals 

that have received the current LSDV vaccination. Only sera from animals that 

have been naturally infected in a LSDV outbreak have good LSDV neutralising 

ability using this test. 

69 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Table 2.4. 

skin disease virus antibodies a ratio to constant 1 

Calf9L34 Calf9L47 Calf9L48 Calf 

:4 1:4 

48 (3 weeks boost 1) 1 :6 1:6 1 :6 1 :4 

123 weeks boost 1 :12 1:24 1 :12 1 :6 

301 1 :4 1 :12 1:6 1 :4 

500 (14 boost 1 :6 1:4 <1:4 1:4 
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2.12. rLSDV-RV immunisation induces T cell nrr,lif~lr:::ll!i\l'" responses to inactivated 

rabies virus t",lIn"",nn in vitro restimulation. Proliferative response of PBMCs from cattle 391 

f",lInwinn second boost. Proliferative r",o::nnrlO::'" of PBMCs from the cattle 14 after a third boost 

In vitro PBMC nrn'lif",r'",tirln either no or inactivated rabies virus (2 

Control animal had been vaccinated 

Results have been "'YI'r""~o::,,'r! as stimulation index and were 

calculated as follows: 

mean stimulation index 

of test we,IISI+lc:om of wells without recall ~~'i_~,"' 

of wells. 
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Figure 3.1. Hoechst stained cells to detect DNA. Areas of DNA replication are absent in 

uninfected CV-1 cells (A, 100x mag), evident in rLSDV-RG - infected CV-1 cells (B,100x mag), 

evident in rLSDV-RG - infected L T cells (C, 400x mag) and evident in rLSDV-RG - infected 

MDBK cells (D and E, both 100x mag) at 48 hrs post infection. White arrows indicate the nuclei 

of cells and red arrows indicate possible viral factories where DNA replication is taking place. 

3.3.3. Electron microscopic examination of rLSDV-RG - infected 

permissive and non-permissive cells. 

Having established that both DNA replication and late transcription of foreign 

genes occur in permissive and non-permissive cells infected with recombinant 

LSDV, we undertook to examine the ultrastructure of the same cell types 

infected with rLSDV-RG. Late transcription involves the translation of viral 

mRNAs into viral proteins, which implies that in an ultrastructural study, viral 

particles should be visible. The promoter study indicated that the P7.5 promoter 

used in the LSDV shuttle vector to express the inserted gene is functional in 

non-permissive cells. On the basis of these findings, we expected to find LSDV 

particles in the cytoplasm of all infected cells and that infection of these cells 

with rLSDV-RG would result in expression of the RG in these cells. Such 

expression of the RG should then induce an immune response to the RG in 
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ruminants as well as non-ruminants. This study was designed to visualize the 

rLSDV-RG in various cell types. 

In all three cell-types, the replication of rLSDV-RG began with membrane 

crescent formation in electron dense areas adjacent to the nucleus. These 

areas are typically referred to as "viroplasms or viral factories" (Muller and 

Williamson, 1987; Prozesky and Barnard, 1982; Stannard et al., 1998). In the 

permissive MBDK and L T cells, and the non-permissive CV-1 cells, replication 

of rLSDV-RG advanced rapidly and the crescents became filled with nucleic 

acid material. This material subsequently condensed as the crescents closed to 

form spherical virions. In permissive cells (L T and MDBK; figure 3.2A,8,C,D 

and E), the spherical virions condensed further and became oblong in shape. 

Some of these more mature intracellular virions acquired a second membrane 

by budding through intracellular vacuoles, others moved to the cell membrane 

and budded out to form extracellular virions with double membranes. Figures 

3.2.A and B are representative of rLSDV-RG infections in ovine L T cells where 

the level of replication is quite advanced (viral particles are condensed and 

oblong in shape). Figures 3.2.C, D, and E are representative of rLSDV-RG 

infections in the permissive MDBK cells of bovine origin . These display 

evidence of advanced infection as demonstrated by intra- and extracellular 

virions, many of which have multiple membranes. rLSDV-RG replication in non­

permissive, primate CV-1 cells proved not to be complete as virions were not 

oblong and did not appear to leave the cell (Figure 3.2F). A diagrammatic 

representation of the differences between reproduction levels observed in 

rLSDV-RG-infected CV-1 and MBDK cells, respectively is given in Figure 3.3. 
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Figure 3.2A. Morphogenesis of recombinant LSDV within pennissive cells. Ovine L T cells 

were infected with rLSDV-RG (pfu/cell, time, 6000x mag). Electron micrograph demonstrates 

mature virions inside and out side the cell. The nuclear material in the virion is condensed. The 

inserts (6600x and 60 OOOx mag) show high power virion structure where multiple membranes 

are visible. 
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Figure 3.28. Morphogenesis of recombinant LSDV within permissive ovine cells. L T cells 

infected with rLSDV-RG (6600x mag) showing evidence of a severely infected cell. Insert (26 

OOOx mag) demonstrating virions at different stages of maturation present in "viral factories". 
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Figure 3.2C. Morphogenesis of recombinant LSDV within pennissive bovine cells. rLSDV-RG­

infected bovine MDBK cell (pfu/cell, time, 6600x mag) showing intracellular and extracellular 

virions in an advanced stage of maturation. (Insert 26 000 x mag). The mature virions are 

condensed and oblong in shape. 
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Figure 3.20. Morphogenesis of recombinant LSDV within permissive bovine cells. rLSDV-RG­

infected bovine MDBK cell (pfu/cell, time, 6600x mag) showing intracellular and extracellular 

virions in an advanced stage of maturation. (Insert 26 000 x mag). The mature virions have 

multiple membranes. 
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Figure 3.2E. Morphogenesis of recombinant LSDV within pennissive bovine cells. rLSDV-RG­

infected bovine MDBK cell (pfu/cell, time, 6600x mag) showing mainly extracellular virions in an 

advanced stage of maturation. (Insert 26 000 x mag). 
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Figure 3.2F. Morphogenesis of recombinant LSDV within non-permissive (primate CV-1 cells) 

CV-1 cells were infected with rLSDV-RG (pfu/cell, time, 9000 x magnification) . The insert is a 

40 000 x magnification of the "viral factory". Early stages of viral maturation are evident here. 

The virions are circular with distinct areas of nuclear material. Very few virions reach the 

condensed stage and none were seen extracellularly. Only single membranes are visible in 

these virions. 
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CV-1 

;:J ~M 
SV.(c) 
CS VF ® 

• ® OSV 
sv 

A 

MDBK 

B 

Figure 3.3. A diagrammatic representation of rLSDV-RG replication in (A) non-permissive eV-1 

cells and (B) permissive MDBK cells. (1\J1) indicates mitochondria, , which appear to have 

swollen cristae in both permissive and non-permissive infected cells, (e) indicates crescent­

shaped membrane which precedes immature virion formation, (V) indicates 

vacuoles/intracellular membranous structure, (VF) indicates viral factory and electron dense 

areas where replication and maturation occurs, (IV) indicates immature virion, (MV) indicates 

mature virion, (eM) indicates cell membrane, and (SV) indicates semi-mature virion. 

Although the morphology of rLSDV-RG is not identical to that of vaccinia virus, 

there seem to be similarities between the replication cycle of rLSDV-RG in 

"permissive cells" and vaccinia virus. In NlBDK and L T cells, rLSDV-RG 

replicated to a more "mature" state than it did in CV-1 cells. This fact supports 

work done by Weiss (1968) and Young et al.(1977) stating that LSDV is species 

specific and that its replication is limited to ruminants. However, it can be seen 

in figures 3.2 and subsequently 3.3 that virions do enter non-ruminant cells and 

early replication does occur. This is the first electron microscopic examination 

of recombinant LSDV infections in cell culture, specifically in cells of non­

ruminant origin. In this study, the degree of rLSDV-RG maturation within CV-1 

cells, MDBK cell and L T cells was examined by thin-section electron 

microscopy and compared. In the bovine (NlDBK) cells and L T cells, the 

replication cycle of rLSDV-RG appeared to be complete in that mature virions 

were observed inside and outside the cells (Figures 3.2. A,B,C,D,and E). 

These virions were more electron dense and less circular than those considered 
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Inl'""honnt,,,n .. ,n of mouse Ratios in relation to the numbers of 

LSDV-wt 

Rabisin 

"PBS" cells are shown in brackets. 

22.10 (1 

22.87 (1 

24.17 (1 
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Innoculation of mice used to calculate il"h~'II"'nt'''' ...,,,t,,,,n,...,, for rabies 

.,."n,.,. ... n""' ... t and numbers of n"'''IT"C! to 

Group Cage Sex Number Route Dose (in 301-11) Deaths due to RV 

1a 1 male 4 IC 2,8x10 LD50 4 

• 1b 2 female 4 IC 2,8x101 LD50 4 

2a 1 male 4 IC 1,8x10 LD50 4 

2b 2 female 4 IC 1,8x10 LD50 4 

3a 1 male 4 IC 8x10· LD50 4 

3b 2 female 4 IC 8x10· LD50 4 

4a 1 male 4 IC 8x10·': LD50 1 

4b 2 ''''''' 'ClI'" 4 IC 8x10·~ LD50 2 

Sa 1 male 4 IC 8x10·" LDso 1 

Sb 2 IC 8x10·"LD5o 1 

I 6a 1 1M 3,8x10 LD50 4 

6b 2 4 1M 3,8x10 LD50 2 

.7a 1 male 4 1M LD50 1 

7b 2 r. 4 1M 2,8x10 LD50 1 1t::1I IC:Ut:: 

8a 1 male 4 1M 1,8x10 LD50 0 

8b 2 female 4 1M 1,8x101 LD50 0 

9a 1 male 4 1M 8x10· LD50 0 

9b 2 r.. 4 1M 8x10·1 LD50 0 It::llldllt:: 

10a 1 male 4 1M 8x10·'< LD50 0 

10b 2 ft::lIlalt:: 4 1M 8x10·L LDso 0 

were 16 were 

were 
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APPENDIX C: VECTOR MAPS 

8g/11 

EcoRV 

Pst 1 

pAFMCRR 
Hind111 

11600bp 

Sca1 

Hind111 

Sac1 

BssH11 

BamH1 

Xma1 

Sma1 

Sa/1 

C1: Shuttle vector for inserting foreign genes into LSDV ( section 2.3.2.). 
Not to scale 
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APPENDIX E: FLUORESCENT ANTIBODY TEST FOR RABIES 
(Adapted from www.cdc.gov/ncidod/dvrd/rabies) 

The brain is removed from the animal , and the medulla oblongata identified. This is the white 
region at the lower base of the brain. 

A piece of this tissue is placed on a tongue depressor or paper towel. 

An impression slide is made from each tissue by carefully touching a clean microscope slide to 
the tissue . Excess tissue can be removed by blotting on paper towels or filter paper. 
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The slides are allowed to air dry. This usually takes about 30 minutes. After drying, the slides 
are fixed in acetone for 1-4 hours. Fixation allows the tissue to adhere to the slides and makes 
the cells permeable to the direct fluorescent antibody (dFA) reagents. This allows rabies virus 
nucleoprotein antigen present in the tissue to react with the labelled antibody. Rabies conjugate, 
anti-rabies nucleoprotein labeled with a fluorescent dye (fluorescein-isothiocyanate, FITC) is 
added to the fixed slides, and slides are incubated in a moist chamber for 30 minutes at 37°C to 
allow the reaction to occur. Siides are washed in phosphate- buffered saline (PBS) to remove 
unreacted conjugate, rinsed in water to remove any salt residue from the PBS, and mounted with 
coverslips, using a buffered mounting medium to hold the pH at approximately 8.5 before they are 
observed using a fluorescent microscope. 

If the brain tissue is positive, rabies antigen will appear bright green under the fluorescent 
microscope. 

143 



Univ
ers

ity
 of

 C
ap

e T
ow

n

n 

n 

n n 

D :A Isease virus as a 

vector 

144 



Univ
ers

ity
 of

 C
ap

e T
ow

n

com 

callac:ity not 

Table of contents 

1.Abstract 

2.Product '.,.",rrhntitn'l 

4.Market 

7.Sales and 

A 

B 

a 

contract r""c~"":::I, .. rh 

is 

to 

pg 137 

pg 138 

pg 138 

pg 139 

pg 140 

pg 140 

pg 141 

pg 141 

pg 142 

pg 143 

pg 144 

pg 145 

to 

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

sma 

sma 

no 

imm 

m 

m 

com 

com 

we 

are 

is an 

1. 

as it can cause 

value 

4 

ma 

is 

uces 

a 

146 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a a 

a manner 

• 

• 

• use 

• 
a is 

a mune 

a 

b was m 

ra 

in use. 2 

147 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a a 

com 

n 

is 

a 

is 

a 

in 

as 

if raw 

over 

us 

148 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a 

once will al 

a 

reo 

re b can 

I ma are 

m it is 

a 

nce 

corner 

a 

as 

a mean 

can 

recom 

a 

over 

R6 

is 

, as 

save 

149 



Univ
ers

ity
 of

 C
ap

e T
ow

n

rna 

a a 

on a on 

on a ... e,,..,...,,, .... urn annual 

renewal. 

n 

Nuvax on 

rs uCll~n::u on 

is 

150 



Univ
ers

ity
 of

 C
ap

e T
ow

n

em 

com 

in 

n an 

a 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

u 

2 a 

is as 

I: 

152 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Task Name 

Apply for funding 

Plan Trial 20d 

grow up inoculum 4w 

organise cattle and locatic 1w 

organise staff 4w 

Trial 260d 

prebleed cattle 1d 

innoculate cattle 1d 

bleed weekly 1d 

test transmissability 52vv 

test long-term immunity 52vv 

test orally 52vv 

test in wildlife 52vv 

Registration and licencing 120d 

write up registration appli( 1w 

market concept to pharm: 24w 

Registration of produCt 24w 

Appendix Fl 

Kate Aspden[O.5},State Vaccine Institute[O.2],Onderstepoo i 

.. State Vaccine Institute 

• Kate Aspden 

• Kate Aspden 

t 

l onderstepoort Biologicals It 

l onderstepoort Biologicals I, 

I Onderstepoort Biologicals i 
•••••••••••••• Research staffl UCT 

I I 
•••••••••••••• Research staffl UCT 

T I 
•••••••••••••• Research staffl UCT 

I I 
•••••••••••••• GuSMiIiS 

1 • • 
I Kate Aspden 

••••••• Kate Aspden! 

••••••• Kate Aspden
i 

153 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3 
S 
000 10 

? 

? 

2 2 2 2 

? 

? 

InrTun ... in 1 

4 

cost 1 1 1 1 

11 

in 1 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Hand K. 

AND 

vaccine on the 

1 

K. 

and current 

I-nllrlPlmir\lnr1V of 

of a 

in 

.., .. ",,, ... , .. :, """"""""",, da ~01r;/e(1aG,e ..... ,,., .... ,, ..... ,, .... 

paltholloqiical studies on 

DNA 

mucosal 

J.D. 1989. 

C/Cl/ocrv of the 2nd Edition. 

AND D.A. 
diselase of cattle. of t::p,rzoc:J(Oi,ogiICaJ vl~.",a,.;)",.;) in Africa. 

H., AND Clinical and 

skin alsea~;e in 

... " .. ,"'" in 

I" ..... 'nl"l,tv'\'''., .. " from rhesus macaques vaccinated with a 

H.L. 2001. 

of a 

of a 

vaccine. 

155 



Univ
ers

ity
 of

 C
ap

e T
ow

n

control. 

sons, 

:644-648. 

o. 

M.J. 

AND 

K. 

2000. (:nrnnl'>nrii animal 

P.1 

-163. 

proICOC:O/S in 

1 

the nlv,l"nr\rni'""in 

The r.nrnnlpfp "jOOf1lnmlt" 

with other nrtlhnrlnV\lirl 

AND 

un renard dans la 

IU .. :' .... "'.ClII n,nlr,nu John and 

with viral 

vaccination: An overview. M'8!VI8'WS 

D.B.1 In IlIrfllrlfl,V 

New York 

pm3SEE, R.D. 1991. vectors. :n:::O'"lT""'1" 13. 

In MSlmOl1s in Volume 7: Transfer and I-Yr'rp'~c::in Protocols. 

mRNAs ""nr'1'\t11'>f'I 

3527. 

The Humana Press Inc. N.J. 

AND B. 1 

,,,,,,· .... ini'" virus intermediate 

and fprrlnnr'~1 of 

156 



Univ
ers

ity
 of

 C
ap

e T
ow

n

LeA. 1987e ........ n_T.r"" ... 

:1 795. 

in virus 

L. 

and 

B. 1982. Inoomoleitelv oae"'Dalrea 

link the two DNA e:!t .. "",nNe:! of the .,:.0'""',," one 

315-324. 

AND E. 1985. 

""1".,,. .. ""1· ..... "" data. In 

K. in the , ............ .,. 

R. 

MIC:roD.IOII(lIca. 1 

D. 1992. use of vectors as 

recombinant vaccines. Vaccine. 10: 8-9. 

D. 1993. R~~ ..... r~hin~lnt vaccines. rnenflRlllrs in Me'Olc,al MflCnJDIC)/of1Y 4 

88. 

Induction of a mucosal 

intrarectal immunization with a 

recombinant virus 

157 



Univ
ers

ity
 of

 C
ap

e T
ow

n

P., 

n.'-"I':"::::" W. AND 

vaccine mucosal and "'''.morn ..... cvtotoxic vmOm)CVTII'!!; and ... r",t",,...'tiu,,, in 

mice \/_\,I<:3,..,,,;nii,,,, r.n""""" ...... "" ProceeciinGIS of 

714. 

~C>'VII"'LL.. P.A. 

1996. """,-,..i .. ,,,,, virus nrnt",,..'tCl: mice 

G.W. 1982 ..... ,..,,,n('l\I in relation to rabies "''''1'1'''''''' 

1997. 

1995. FOffi,..::III''V 

unusual 

of 

between .... "',.,.r'n/"\V\" 

virus Ankara 

159-1167. 

,n,,,,nn'l M/C~roc.1I0/()aV and InfE~ctil'us 1..I1;;;;:t;'C:I~;t;';;;;-. 

rabies vaccine in 

oral rabies vaccine in Zimbabwean wild 

rabies vaccine the oral route in two SPE!CIE~S 

:416-419. 

L.H. 2001. of 

U",,,, ... TI11,,,n respe4:thl'ely in Zimbabwe. 

AND R.P. 1986. 

Virus research. 5:277-292. 

AND 1998. vaccinia 

limited in human cells and lacks several 

use as a human vaccine. 

158 



Univ
ers

ity
 of

 C
ap

e T
ow

nI., 

H. 1979 ...... i __ .i. __ of iI1l'tt,l'>r .... lnt 

v:::lr~r.in::Ui,.\n in mice. Intc..rot., ..... and 

L.1 

A. 1984. 

three years 

""" .. ·,.., ... "'t,,. .... of cattle 

ad,:iptiaticln to cell 

1991. ....n • ..,..,."' ... 

treatment of ral:UeSHnreCr9(] rabies and v::al-.... i .. '''' 

recombinant 

scale eradication of rabies 

vaccination of the 

of cell aS~)OClatE~ 

79. 

::afll:!in'l:i:t rabies a live 

vaccinia virus in cell-

K. ET AL. 1991. 

recombinant vaccinia-rabies vaccine. , ...... ",<-'1. 

,'-'",.'""', .... I., 

Use of 

rabies: 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 Il:Intitl:llli\l'" assessment nrn'mn!· .. ..." in .v.,,,,,, .. ,,,, 

6 

A marker the 

28. 

1959. The use skin m~t", .. il:ll 

skin in 

The 

cattle skin 

disease. in 

AND M. ocular 

is under the control of tumor 

necrosis factor of 

1 1 

RP. 1995. The response of cattle "'Y'''I",rj,mgolnt!:llh 

inf£:>t""t£.t1 with virus. Archives 140 3. 

R.P. 1995. An routes of 

skin disease virus Epildenl1olc'Jgic:al Infections. 1 9-

226. 

R.P. 1994. 

Protection of a 

AND .y'''"''v ..... B. 1997. Host 

MVA strain of vaccinia virus: nrrlnl:lnl:lf'inn 

in a nonhuman """,mr",l:Ilil:ln cell line . • n ... ,,,,, ... ,,, 1. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

AND N.P.1997. mn,'1ITII"n vaccinia virus as 

an effective recombinant vector: a murine tumor model. 1 

CENTRE FOR DISEASE website. www. 

H. 1989. 

Identification of class II T-cell 

nucleotide Gene. 68:139-149. 

skin disease virus 

N.P. 1988. The nic-

to facilitate the use of sonicated DNA for 

AND 

Aedes 

P .S .. 2001. Mechanical 

FnlfrlRlmi(,;l/nr:,v and .Infection. 1 7-321. 

A. 1980. role of in 

of viruses. Reviews of.lnfectious Diseases . 

• rlM,","" W. 1998. A27L nrnll",;n mediates virus 

interaction with cell surface sulfate. Journal of 577-1585. 

AND 

neutralization test of rabies virus 

virus 

antibodies. Journal 

IfnTlIUfJO/t'UI(;'ClI methods. 212:79-89. 

IVIV,",,",. B. 1985. In vitro the 

for a vaCcinia virus gene: ",,,,n,,,,, .... ,,, for tandem 

Journal of 54:30-37. 

AND VAN "n.",n •• ", of a Rift 

Xith International congress of 

VAN 

A-L 1997. skin disease virus as a vaccine vector for rift 

161 



Univ
ers

ity
 of

 C
ap

e T
ow

n

virus. Prc'ceE:JdiI1Gs 

ru.nIU';'! 1997. :230-231. 

I.l:jlOIOIQICal and ~"t"\lnn '"""""11"1 16: 754-759& 

M. 

World 

and attenuated V:::Irr.lnl:::l 

AND 

1979 ..... ,.".11"1 ... " ... " in 

~<:ot'·h"'lri .... hi~ coli cells. 

V:::IrTJnl:::l virus in 

In 

:751-763. 

r.vtllfn'll'Ir. T Ivrru:mlDcv1es 

chloride ImrlrnIJ"'C:: 

strain L cells. 1. 

skin diSiease. an .Ian ... ",,, "'''''''I"IM'"'I'' virus diseaSie 

147:489-503. 

skin diSl3ase: a 

Review. 68:37-42. 

C.K. 1993. 

interacts with 

nrnnl"'lm in 

reductaSie. 

and near 

vaccinia virus 

of 

P. 1996. The fluorescent test. 

in Meslin H. 

"::",,,,,",,,,,,, Fourth ed:88-95. 

DE "'''''JIVI. H.PA 1948. 1:44-46. 

162 



Univ
ers

ity
 of

 C
ap

e T
ow

n

DE 

1 

the 

01 

in l.Irt"rllw:,c> of 

DE 

B.1. 1996. 

553-1558. 

OF the medical ...... "'""'''''''"''''''nt of R;:'It)ip-~ in South 

AND RA 1981. calves with a 

mouse brain. KelllelAfS 

skin disease in South 

:,.,,,, .. ""',,.,. London. 

1991. New dp-\,p-lrlnlTlp-n·t~ in the pre- and 

in 

H. 
nOI()glcal 1"'1':::III'::1M,"nC:;:::IItirln of a linear Itr:::lllic:;irm elpltc,pe of 

.... ,,,,..,.,.,,·,.,I,""i" and its 

D.C. 1 Human cell culture rabies vaccine 

""m,nl'\J,n cell culture rabies \/:::III-,...ir,,,,, both confer 

"t""M .... ' ... with the silver-haired bat rabies virus strain. \/"".,..;" ... 

AND 1982. 

vaccination in cattle. 

163 



Univ
ers

ity
 of

 C
ap

e T
ow

n

R. AND B. 1 Fusion of intra- and eX1:rac:eIlIUlal 

D.W.1 A review of rabies use. 

AND 1 

repllcaltes in a 

virus prclpa,gatlon but not in various human .. "'ndn .......... ~rI and nmTl:=iIN 

1999. 

virus Qv.~ .. ~.:c<irln 

attenuated HPIV3 

AND B.R. 

a repIIICCItiOn-O!eTe!Cm/e 

with those a live 

candidate in rhesus rnl'1,nlt',Qo"., .,"',,.,,,,,,"',,, immunized with PIV3 

T.K. 1992. Rabies ",,,tinn,iu tit res in vacinees: 

prospe!cts. IIIU'::ln,,,mcmai Journal 

07-112. 

S.U.1985. Rhabdoviruses. In : New Raven 

Press. 

1988. Successful oral 

Journal 

selection for 

vaccination of raccoons with raccoon 

G.M. 
recombinants 

B. 1987. Vaccinia virus recombinants 

D. AND G. 

ranlsfetaEld nll"'""m,," DNAs in 

:367-375. 

B. 1988. 

virus 

levels of 

1~"'TQr.,."'n mammalian 

164 



Univ
ers

ity
 of

 C
ap

e T
ow

n

, .... Lr,,,., .. ,,,,, and r"""'I"I\I,I'!>r\1 of with a street 

virus N 

v~r· ... i",:::ati, ..... with a 

vaccinia virus recombinant .co",r'I".co",c::i 

I., Z.AND 1988. sm:::lIllnl"l'" 

and its eraldicatiCln 

as a v~,~ ... ir\'" and In 

CRC Press. 1-45. 

LE AND E. 1997. A r~'nm,hi 

<>"',",n,<>t a lethal rabbit n"'r'nl"lrTn~ln, ... Clsea~;e virus 

IJ'",,~ .... ,,'" 15:90-96. 

1987. Rabies n .. ",.v",,"I" nri''YI~'r\1 care. A 

Dis>Sa!lriQlatic::m of the tissue and nri''YI:::a'r\' culture. Ch 9. In 

York: 1 07-126. 

AND M.J. 

2000. A vesicular stomatitis nlv"'I"II"\rl"li~"'in fails to 

AND 

K. 1994. Protective ""ffi",'""",.." in mice of exposure vaccination vaccinia virus 

recombinant either rabies virus or of -:JHHHI <11 

AND LrU ..... ,'''_ M. rabies virus central nervous 

inf .. ,l"tif"l" is controlled !,,,..,,,r""""'l1t.co local recruitment and of aPC:)ptclsls. 

AND A. 

1992. Rabies virus nlvf"nr"lrnlrll'>in is a trimer .• ""',.,,,,", 

165 



Univ
ers

ity
 of

 C
ap

e T
ow

n

J., 

ectodomain 

in a monomeric l''''I"'lTnnnnal'',... ... 

AND D.N. A r.nrnn::In~"ln of the n",r1n,..,..,.,. 

cattle isolate 

E. 1990. The 

517-63. 

with that the nrtt,nn,nv\jrin 

D.N. 1988. A nan""n., of the n","nn'",~ 

the n",rlnrrl'" 

:473-476. 

AND 

vaccinia 

AND I.A. 1998. 

rabies in Lithuania 1986-1996. Kell1leVIlS in S"'li&:>nf~'" and 

a 

D.A. 1957. skin UI<:I'c;g,:..;; t::p.lzoc:JtOjrogi'CaJ UI!!1ea~Ses in 5:421-

430. 

AND , ...... rIL-l"""\'-. A. 1998. 

DNA epitop,e vaccines HIV and DI"'''''lTIrntii Inn,nAfllr.111V in 

mice. 1/<:I/'('il':''''' 

81. 

Australian bat ,,,"'.,,,.,, .... inf" ...... i/'" a second human case, with a 

Medical 

166 



Univ
ers

ity
 of

 C
ap

e T
ow

n

in 

B. 1 

G.M. The Natural 

E. 1 

with vaccinia 

~1",nJ of 

in man. In 

ACCiClelmlc Press. 

1956. Animal diSE~a~:!s in Third ed . 

J.D. 1996. Patterns 

und 144:140-145. 

\I'l2('· .... jni~ virus intracE~lIulal 

517. 

VLALru'\.. J.A. 1972. 

n'l2f1nl"I0::.<;:t in the 

AND 

the disease and as~)ec[s of 

p.o. 1945-1947. R""r,nrt 

.. "" ... H~."';~,~ Dr" .. ,..,,.,r ... with outcome in simian 

AND C''-' rolf , 

vaccinia-virus '~t:~mlm 

contain one 

with a 

Virulenz und 

AND D.J. 1 

I. Detection and I"h:::'r~(~h"ri7~linn 

disease in southern Africa: a review of 

the 

167 



Univ
ers

ity
 of

 C
ap

e T
ow

n

AND 

a 

a ........ nrnhin:::ant \Il:a/'t'lnl:::a 

virus in animal cells. 

Review. 

Vaccine. 

in 

lVIo,recLllar u" .. ,,..,.,, 50:19-23. 

I. 

on the. 

II. 

inv:::a .. • ... ini:::a 

three late trans-activator 

rabies in 

EYI'lrF!!:;.e;ic)n of Rabies 



Univ
ers

ity
 of

 C
ap

e T
ow

n

R.P. AND 1 

1 The 

YllI,IUIII::., on common 

W.P. 1987. A 

control" n:tI~StlClfCI/ in " ... ,,"'n,-,;;arlff <:!I".,onr·", 

of the 

SOI,ales. Research in V"'I't:>nn~,·u S,,..it:>''1I''t:> 41: 425-427. 

of 

Rabies 

Geneva. 80-87. 

H.1 XI International 

6in in 

and Knrll'n\lUC::KI 

two Infe,ctlolJS vaccinia virus at 

the 

the 

membrane is ina·-deoerldalnt for IMV but not the EEV. IVIO,IeCIJlar 

1. 

.2001. 

Humoral cel'-m!ealla1E~ immune "",""r"."".", • ., 
"",,-nn,rI::I11"V oral and V-RG vaccines. VB(:cme. 

Vectors and their use in 

the nr",.n",,.,,.tiinn 

R.A. 1980.The effects of war on the 

control of diseases of li"ICloc:.t,.,.-r.r in 



Univ
ers

ity
 of

 C
ap

e T
ow

nH. 

B-~lalclctc)sidlaSi9) as a in 

Molecular tsIOIIOOIV. Volume 7:Gene Transfer 

Humana Press New 1", ... ,,,,,,,·':1 7-235. 

AND , ... " ", .......... B. 1 General ..... "" ...... "'.1"1 

selectiOn of infectious virus .. "",...nrn,hin,,,,nih,, "",n ... ,.",,,,i 

'''''' ... ,,,., J. M. 1977. R~t\ill"C:: virus nth"".,i., in infected 

cells. 02-112. 

B.W.J. ED. 1 A nraMi,..!>I "'nn."""'/~'" Press 

J.A. 1885. Vaccinai virus on the nl"' • ., ..... '" 

membrane inf.,.M."ti cells. I. Viral ", ... +,i,..",."1'" t.'''' .... ,f'''' .... ori from .... "".t',..I,"'" and 

:201-220. 

1999. 

virus murine ... h~>II""."I"'''' 

model demonstrates Journal of 

170 



Univ
ers

ity
 of

 C
ap

e T
ow

n

J., 

M. 1997. An outbreak in cattle in 

77. 

TLATLI. 

MRABET. 

E. 1998. Field ."",,t"" ... ,'" for the oral 

K. 
Essential role of T -cells in the of rabies in 

and. 

H., AND B. 

1999. correlates with and 

rabies virus in neuron cultures. of 

n.J"'\,." .... , A. 1993. ofGs soluble 

form the viral Olv,r::orlrolel ...... "" ...... "''''' BHK-21 cells. Ifl .... 'lnr'u 

-9. 

D .. n't""i ... r::leaV.30e and 

accumulated I'll""", ... ", ... " .. """"' ..... hl" with 

R.H. 1984. Live recombinant 

vaccinia virus nr",tpr-tc:: ,..I"'i .... , .. "" ........ """", h"'rl~titic:: B. Nature. 

171 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IVI'-J..::I .. ::L B. 1990. '-'""'w,..""',,,,, second ed 

et al York. 

Poxviridae: The In IJ'ln">UVllI 

the IV;;JI'lnn~1 Acacta"w 

11 

AND 

immune n:>!::nnln!ll.l'l'j:t 

B.R AND In 

Y. 
h>+ • .".t'l&~ftTI<:II1 <:II,rirninic,tro::a'tinn of Viral Vo::al~ir'~ KelflelllfS in MeGICal I/,rrflll"lnll 8: 97-111. 

immunization with 

Av, ....... ';::c:irln JEV and E 

MOleCI~lar II'InIIMll'lnmnllntni of 

rabies in 

LH., .IA(:';OIBS. a rli<Q1'int"lrhl 

an ""vr'fl:IIn,n""n wildlife nn!<"...QI'Inp in 

Genes. 

172 



Univ
ers

ity
 of

 C
ap

e T
ow

n

AND 

disease 2.1 

do 

Instituto USWB,laa 

"'::"·· .... ini'" virus ankara ""YrlF"""Cl:c:::i 

to SIV n""'M'I"\n in malcaclUes. of 

vectors to vaccination: An .... I"".""L.::;;. 

the Nalt/ofilaf.,;qccldamv of Sr"I"'n/~"'C' 11 

P.P. AND U,",,'J"-'" rI"'\J,,,,ln,nm,,,nt and use a vl:'l,~rirlil:'l_F"",h,i"'<:t 

for the control a link Jenner and 

. Pasteur. EDjldeITl/o"oa,lcall"£".~fi ..... ,,C' 

P. 1 

and deliberate release a vaccinia - rabies virus for the oral vaccination of 

r.h':::Intl"" 5 in Recombinant Poxviruses. M.M. and G.L. 

eds. 

J. 1975. Tissue culture in 

"''''''"'-''''''''''''''''''. r.h':lInt,"r23. In and 

"<lI"'~i"i'" virus. 

II. 

in 

VltYllnr/l/ and hO~:t-Diere;slte 

nn .......... ".n Inc. N.Y. 

in in 

{"t:!lnt:!r:;::'1 If" ....... ,' .... "; 31 :147-155. 

173 



Univ
ers

ity
 of

 C
ap

e T
ow

n

KRIJNSE J. 2000. 

, ....... ,,,"'+;,,,,, and cere structure. 

R.J. 1 

AND 

cores: 

virus-induced 021-1028. 

and 

444. 

vaccinia virus: 

A 'v, ... ",,"",''' 

rabies vaccine. 

1974. Vaccinia virus oelVDE!otieje .,'./nU,,,,,.,ii,,,· 

pre- and oelst-r'eoliica1tive oolvoelotiejes. Jeurnal ef r:::"""'''''I'",,1 Vim/,..,,.,,,, 

skin disease virus 

D.E. 1999. B-cell .. "".",,"' .... "'''''''' to. 

its eDi1teDE~s in induced 

D/.,,~·ae::!· 104. 

AND R.D. 1959. Ether ef some mammalian 

1f,,,,..,lrv,,, 7:357. 

AND MA 1959. The ............... in tissue ef a 

derived frem skin disease ef Bacteria. 

V. 1984. Vaccinatien of 

lac-tivalted rabies vaccines: a of ",,.,+ih,,,,-I,, ... ~"'n",n ..... 

85. 

B.J.H. 1982. A of the of skin 

disease in cattle. OndersteJDeclrt of \f.,f,., ... ..,"' .... , N:HSB;,lll 167-175. 

skin disease: tissue culture studies. !..JU""""" 

I::.DIZOIototOQICal Diseases in 7:37-49. 

174 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Ad,aptatic)n aux ",cllun:~;::. 

""V''Ir"".~<:<irln vectors. In 

Wellcome RR!;:R:::Irr.h and uafelCiom,ent 

rpr.nmhin.::Int vaccine 

D.N. 1 

V.M. D.N. 

with a 
rin .. I"" .... .......t virus. 

1 

175 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Acellular 

the 

1 

in raccoons Prt"ll"Vf,n 

• .,.f"'_ ... , .... due to 

1 A 

for demonstration in mVCOk)la!~m(iS and viruses. 

1 

Identification encoded two 

I., intEmT1lediiatEls in the ....... """"+' ........ of 

u_· .... ini:!:l virus DNA lfi,. .. '""nl 

the th" ..... i"li" ... 

as an insertion in the 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n
1\/ITIr\h,lV'\jt",~ in rhesus ......... ,nLr':lA/C! detlectEKi 

I/f)Eli'lticte tetramer. Prc~:K1jfJaS 

6. 

intermediate l'1'V1nnJ:llrtm,Ant Det'WeE~n 

New aspects 

"'P'.::.u", ... ti"',n of the in the 

Review. 

second wr.:lDCiina /"!i~tArr'~ 

30-147. 

i"Vflwn ... ·'t'r 

VOlNEr" E. 

vectors have ca~laCrty at 

A 

virus: Role 

and 

166-76. 

177 



Univ
ers

ity
 of

 C
ap

e T
ow

n

AND 

000 base of 

virus """"'."" ........ 1" 

B. 1983. Infectiolus vectors have ca[)acitv at least 25 

AND 1993. Fml\llnt"lx 

reollcatlon and ""' ..... ""1,"' .... ,"" ... ; .. ;'" in ... "'.L ... ''''''''''';"",;" .... mammalian 

D., AND 

in cells 

K. 1998. 

J"\\.:'I ILl J"\. J., AND 

i ... t",.Mil"'" of ferrets as a model for 

:1506-1513. 

LlM,L!;;;;'-.;I. S. 1976. j;;!i"",.,,,,,,, of vaccinia: R~II::Itil"ln~hi of the ............. 1 .......... to 

AND 

rgrnmnin""nt genes. 1992. 

vaccinia vector 

the NRlfior:'RLAr.;~rl::l'mv 

expresses 

1 

recombinant vector derived from the 1"I .... "t_,",,,,,,,,..,,,, .. ",e+ .. i ..... ,,>1'1 and 

B. 1994. A 

attenuated MVA 

,,,,,..,,.ini,,,, virus stimulates ..... ",t",,,+;,,,,, strains 

12:1032-1040. 

in mice to virus. ",.,."',.. ... ~ 

B. 1995. Novel vaccinia vector derived from the host 

restricted and MVA strain vaccinia virus. in j;;!i",I",..,."",1 

95--200. 

In InfE~ctic')Us Diseases of Livestock. Vol 1. Ed 

in southem Africa. 

178 



Univ
ers

ity
 of

 C
ap

e T
ow

n

AND E.1990. U:::i-Ui:I:Slt::U vectors as 

candidates. ''''''''"'''''''''' 10:13. 

J, PERKUS 

VAN DER HOEVEN J, 

AUDONNET cox DAVIS 

attenuated strain of vaccinia virus. Inn .... 'f"I'''' 
ET AL. 1992. NYVAC: a 

7-232 

GUILLEMIN. 

E. 1991. Ftfllr~I'V studies on a 

recombinant virus. UJ::l'~"""'" 9: 190-193. 

AND E. 1988. 

Recombinant virus in non-avian Vaccine. 6:497-508. 

TAYLOR J, PAOLEn-, E.1988. virus as a vector in non-avian ... 1-", .... ,'"',.;>. Vaccine. 

AND C.V.E. 1945. Journal of South African 

U""t",nr'J::In, Mei(1IC'BJ Association. 16:36-43. 

AND M. 1997. Rabies 

virus mouse and human Journa/of 

AND 

A. 1982. Attenuated rabies in cattle and vaccinated with 

doses. c..;OlnOC3ral'lve ImrnUflO1flOV Mlc~rotI/O/()av and Infectious 93-197. 

1987. Immune response in skunks to a vaccinia virus recombinant Pyr,rpc, ... 

T.J. 

the rabies 

Canadian Journal of Research. 51 

AND H. 1993. 

vaccinia and human ,.., ... ,,, .... , .. ,,.. n::lrnrlf~" utilize endosomal cisternae for their 

... ,rHnnu 60:163-178. 

AND .... """',,,..., .... , ....... R.A. 1981. Poxviruses of \/","1'","nr1l:1 

of infections. Ch 6 in 

3. Academic Press: 267-345. 

of Diseases. Vol 

179 



Univ
ers

ity
 of

 C
ap

e T
ow

n

D.L. 2001. 

Genome of skin disease virus. Journal of \J'lrtunrllJ' 

AND 

22-7130. 

VAN DEN 

"' ...... 11"\ ... 11"" of a filterable 

Nature. 161 :526. 

VAN 

R.B. 

related 

A. 1948. Isolation is chick 

skin disease of cattle. 

E.B., 

Rhabdoviridae in Virus Classifiation 

and Nomenclature of viruses. """,,,,ntl"l of the International Committee on 

of Viruses. Academic San San 

563-583. 

VAN 

of 

AND E.K.1967-1968. 

skin disease virus in 

,,,,,,, ......... ,, .. ,, Research. 

New 

conditions for the 

eggs. Journal of 

VON U. 1945. cattle disease: on a new 

disease. The of an infectious nature. Journal of South 

African ,,,,,,Y,,,, .... n',,,rll Medical AS~)oc"at'(Jn 16:29-35. 

VON L.H. 1995. Molecular 

,pnln,plmll'lInrl\l of rabies virus in South Africa: Evidence for two distinct virus Journal 

of General 73-82. 

AND F. 1999. Clinical ,pYr\,pri,pnl~,pc:: with rabies in cattle in 

Deutsche Medizinische Wochenschrift. 1 

AND 1991. Promoter a 

vaccinia virus factor is of the presence of RNA 

Cell. 65:105-114. 

AND H.G. 1988. of a novel class of vaccinia 

virus upon DNA EMBO.Journal.7:3487-3492. 

180 



Univ
ers

ity
 of

 C
ap

e T
ow

n

gene. Pmlce/~dj'las of the 1\I::11I'inn.::II1 Acacramlv of • ... ,..."'"f·'" USA.. 94-

7198. 

AND G.M. 

1991. The nrn'I<>I"'1"'"'' role of humoral in the NIH nn,,,,nt'vtest for rabies 

vaccines. V:.(~r."'P. 

INI\II~W W.H. 1991. The chemical nnc:ITII1,n and molecular structure of rabies viruses. 

In G.M. Baer The CRC Press: 31-67. 

AND ReDIi(::ati!on··delficiient vaccinia virus 

nnlvml"'rl~<:'" for <>,rr~r<>'~<:'r," in mammalian 

cells. VlrlJIO/::/V.::Z 

'''''''',-1('''- rescue ofthe host 

AND 

restriction defects of modified vaccinia 

virus Ankara. Inrrllnr,v 

AND , .. , ................ B. 1996. of a 

virus reOIlCaltlOl deifici,ent recombinant vaccinia virus vaccine effective 

3 infection in an animal model. Vaccine. 451-1458. 

virus Vaccine. 18:392-397. 

effector m",('h~~n nro'leCl:lOn to rabies virus. 

C. 1998. New 

AND 11IIV''';'0. B. 2000. 

n.n:""""I"'lrn vaccinia 

H.C. 1995. Immune 

of virus vaccines for use. Reviews in-Science and Office 

J. 1999. An "''''I'I'''rim.''nt~1 on the endurance of 

memory of intrdermal mU'rn_1I:1 

Joumal of ,znJ,rl;::>Jmit'llln."v 

with rabies vaccine and immune effect. 

5. 

182 



Univ
ers

ity
 of

 C
ap

e T
ow

n

animals with 

OAC. 1998. 

rabies viruses. 

AND K.E. 1970. 

skin disease virus (nrrltnt'lIn", strain 

R.C. 

a 

745-1756. 

infection of game 

Onlrjer,stelDoclrt Journal of 

AND 

vaccine Brazilian wild 

H. 1988.The and characterisation of an and an 

from Clostridium "III''''''''" in ... "'r· ... "" .. ".'" Coli. A PhD Thesis. 

of Town. 

H. 1990. Virus-induced r",,,,nnl'l"'''' to a nCOr .. ,n,,, viral 

~n1'in""n Nature . .J04t1lltlZ 




