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ABSTRACT 

NEL, L.H. , THOMSON, G.R. & VON TEICHMAN, B.F. 1993. Molecular epidemiology of rabies virus 
in South Africa. Onderstepoort Journal of Veterinary Research, 60:301-306 

Nucleic acid sequence analysis was used to determine the phylogenetic relationships amongst rabies 
viruses isolated from typical canid hosts such as bat-eared fox, jackal and dog in South Africa (SA). 
Geographical factors were taken into account in the selection of isolates and three different regions 
within the genomes of the isolates were compared for their use as phylogenetic indicators. The three 
genome regions, being the cytoplasmic domain of the G-gene, the G- L intergenic pseudogene and 
the antigenic domain II of theN-gene were found to differ in terms of the degree of nucleic acid conser
vation, but produced similar results when analyzed phylogenetically. The SA canid isolates were found 
to be closely related and could clearly be distinguished from all other rabies virus groups for which se
quence data is available. In addition four SA mongoose rabies isolates were studied which were shown 
to be distant from the SA canid rabies virus group as well as from any other rabies viruses (or group) 
for which sequence data is available. Our results also indicate that spillover between the distinct canid 
and viverrid host reservoirs may occur. 

INTRODUCTION 

A wide diversity of animal species is involved in the 
epidemiology of rabies in South Africa. These include 
jackals (Canis mesomelas), bat-eared foxes (Otocy
on mega/otis), yellow mongooses (Cynictis penicilla
ta), genets (Genetta spp.) and wild cats (Felis lybi
ca). It is also known that remarkably clear associa
tions between different host species and geographic 
location exist (King, Meredith & Thomson 1993). Ca
nine rabies has, si nee 1976, become an ever worse
ning problem in Natal and KwaZulu, whereas jackals 
and bat-eared foxes are important hosts in the north 
and north-western Transvaal and the western and 
north-western Cape respectively. Wildlife rabies diag
nosis is most common in the yellow mongoose and 
notably so in the Orange Free State, southern and 
eastern Transvaal highveld and eastern Karoo, al
though this species occurs over a much larger geo
graphical area (King eta/. 1993). 
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Historically, mongoose rabies in South Africa is con
sidered likely to be caused by a virus different from 
the virus causing rabies in typical canids. This view 
has been supported by King et at. (1993) who used 
a panel of 80 nucleoprotein-specific monoclonal anti
bodies (Mab's) to differentiate between different ra
bies isolates. However, nothing is known about the 
nature and extent of genetic variation amongst these 
isolates. Such information on the genetic composition 
of rabies isolates would assist in determining the in
terrelationship, origin and epidemiology of rabies vi
ruses from the different and diverse host species. 
Naturally, from a broad epidemiological perspective, 
it is of importance to establish how South African ra
bies isolates compare with viruses from elsewhere 
in the world on a molecular level. 

For molecular genetic comparisons of rabies viruses, 
different regions of their negative stranded RNA ge
nomes can be sequenced. For example, the nucleo
protein encoding gene which is well conserved is 
likely to be suited to studies of long-term evolution 
(Bourhy, Kissi & Tordo 1992; Smith, Lillian, Yager, 
Seidel & Warner 1992). A less conserved genomic 
region which might yield epidemiological information 
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over shorter time spans is the gene of the surface 
G glycoprotein, the major antigen involved in eliciting 
protective immunity (Tordo 1991 ). Probably the least 
conserved sequence in the rabies genome is the G-L 
intergenic region, the 423 nucleotide (nt) remnant 
pseudogene (Tordo, Poch, Ermine, Keith & Rougeon 
1986; Sacramento, Badrane, Bourhy & Tordo 1992). 
This pseudogene may be an ideal indicator for "neu
tral" evolutionary distance, there being no gene 
product and thus no immunological pressure or liabil
ity to retain any specific functions. 

We have synthesized, amplified and sequenced eDNA 
specific for different portions of the genomes of a 
number of South African rabies isolates. In this paper 
we report a comparative sequence analysis for these 
viruses which were isolated from different canid and 
viverrid hosts. We have also compared the suitability 
of different genomic regions for phylogenetic analysis 
of these viruses. 

MATERIALS AND METHODS 

Rabies virus isolates 

Rabies virus isolates from dogs, jackals, bat-eared 
foxes and yellow mongooses were selected from 
areas which conform to the typical geographical loca
tion for the given host species (Fig. 1 ). These virus 
isolates were stored in the form of lyophilized 20% 
mouse brain material. 

Total RNA extraction 

Lyophilized mouse brain passaged material (500 f-tg) 
was dissolved in 500 flO of an extraction buffer (1 % 
SDS, 1% NP 40, 1 mM EDTA pH= 8,0) and e~tracted 
three to four times with buffer saturated phenol. Total 
RNA was precipitated with two volumes 100% etha
nol, washed with 70% ethanol and made up to the 
required concentration with ultrapure water. 

Primers 

Those regions of the virus genome which were ana
lyzed and the positions of all respective oligonucleo
tide primers are shown in Fig. 2 a and b. For amplifi
cation of the portion of the N-gene, primers N1 (Sa
cramento, Bourhy & Tordo 1991) and 106 (Smith et 
at. 1992) were used and sequencing was carried out 
with the use of primer 106 (Fig. 2a). DNA encompas
sing the pseudogene and the cytoplasmic domain of 
the glycoprotein was amplified with the G and L pri
mers (Sacramento eta/. 1991 ). The G and L primers 
as well as several internal primers (Fig. 2b) were 
used as required for sequencing the entire pseudo
gene. 

eDNA synthesis and amplification 

Total brain RNA (0,5- 3,0 f-tg) and either G primer 
(100 ng) or N 1 primer (100 ng) was heated to 70 oc 
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FIG. 1 Map of South Africa indicating the host species and ap
proximate geographic origin of rabies isolates relevant to 
this investigation 

after which a reverse transcription reaction mix was 
made on ice and the reaction carried out at 42 oc for 
90 min in a total volume of 1 0 mo (Sacramento et at. 
1992). Amplification using either the G/L or the 
N 1 /1 06 primer sets was carried out on one tenth of 
the eDNA in a Hybaid heating block using conditions 
similar to those described by Sacramento et a/. 
(1991). 

Nucleotide sequencing 

Several purification methods for the recovery of am
plified DNA products were used. Besides the Gene
clean (Bio 101 Inc.) and Magic PCR Prep DNA Puri
fication System (Promega), the simplest (and most 
economical) way was the use of a "glass wool" col
umn. The PCR product (20 ~t O) was electrophoresed 
on a 0,7 % agarose gel (Seakem), excised and spun 
through a column packed with a small amount of 
glass wool. Although loss of up to 20 % of the DNA 
occurred during this process, the yield was sufficient 
for one or more sequencing reactions. 

The purified PCR product was sequenced with the 
use of the fmol DNA sequencing kit (Promega) 
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FIG. 2 Oligonucleotide primers used for amplification and se
quencing of (a) a portion of the nucleoprotein gene and 
(b) the cytoplasmic domain of the glycoprotein gene and 
the remnant pseudogene. Antigenic domains on the nuc
leoprotein are indicated using the convention of Dietz
schold, Rupprecht, Tolus, Lafon, Mattei, Wiktor & Koprow
ski (1987). Refer to Materials and Methods for details and 
other references 

according to the manufacturers instructions. The re
action mixture contained a minimum concentration 
of 50fmoles of DNA, 30pmoles of primer and 10~Ci 
35S dATP. A Hybaid thermocycler programmed for 
30 cycles as specified for the fmol sequencing sys
tem was used and the reactions analyzed by stan
dard denaturing electrophoresis and autoradiography. 

Computer analysis 

Nucleotide sequences were analyzed using the Clus
tal V package of multiple alignment (Higgins & Sharp 
1989). For construction of phylogenetic trees the 
neighbour-joining method of Saitou & Nei (1987) with 
a minimum of 1 000 bootstrap replicates (Felsenstein 
1985) was carried out. 

RESULTS 

Nucleotide divergence within the genomes of 
South African canid rabies isolates from 
South Africa 

Eight rabies isolates comprising four dog, two jackal 
and two bat-eared fox viruses were analyzed with re
spect to intrinsic variability of portions of the nu
cleoprotein and glycoprotein genes and their pseudo
genes, as described in Materials and Methods and 
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Overall 
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N (184 nt) 3,3 3,3 0,0 

G (182 nt) 1,..,8;,·,5_~-~ 
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FIG. 3 Analysis of the nucleotide sequence divergence (maxi
mum% between any two) within portions of the genomes 
(Fig. 2 a & b) of a group of 8 canid rabies virus isolates 
from South Africa. The overall sequence divergence for 
each genomic region is shown on the right, the two 
values indicating the maximum overall divergence, and 
the minimum overall divergence between any two isolates 

illustrated in Fig. 2. Comparison of the degree of var
iation between the different genomic portions of the 
eight isolates is presented in Fig. 3. In the case of 
the 184 nt region spanning antigenic domain II of the 
N protein, a low overall mutation rate was observed 
(max = 3,3 %) and in some cases (two of the dog 
isolates and the two jackal isolates), no sequence 
differences were found. In the case of the cytoplas
mic domain of the glycoprotein it was found that the 
first approximately 30 nucleotides displayed much 
variation (up to 18,5 %) whereas the remainder of 
the G-gene appeared to be very conserved. Overall 
maximum and minimum percentage nucleotide dif
ferences between any two isolates in the group were 
found to be 4,9 and 0,01 respectively. A comparison 
of the respective pseudogenes revealed clearly de
fined regions of high and low variation , the values 
and areas indicated in Fig. 3. The overall variation 
in this region was significantly higher compared to 
the N- or G-gene regions, with maximum and mini
mum variation of 5, 7 and 1 ,2 % respectively. 

A phylogenetic analysis in which the sequence data 
of the relevant portions of the nucleoprotein genes 
were used was carried out and the result is shown 
in Fig. 4. Bat-eared fox, jackal and dog isolates may, 
on the basis of this result, be divided into three 
groups. Nevertheless, these isolates are very closely 
related and can be distinguished from other viruses 
of African origin (NA, TUN and CAM; see Fig. 4 for 
code) for which se.quence data has been published 
(Smith eta/. 1992). Further comparison of the South 
African sequences with those from other regions of 
the world indicates that they are equidistant between 
early European and now laboratory strains (PV, ERA) 
on the one hand and middle/north African strains on 
the other (Fig. 4) . The SA group also appears to be 
most distant from isolates from far eastern countries 
such as China and the Phillipines (sequence data 
from Smith et at. 1992). 

Phylogenetic trees constructed on the basis of anal
ysis of the nucleic acid sequences of the cytoplasmic 
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FIG. 4 Unrooted phylogenetic tree showing the genetic relation
ships among South African canid rabies isolates (Fig. 1) 
and between the South African isolates (numbers) and 
isolates from other continents or African countries. The 
genetic relationships were inferred from sequence data 
for a portion of the nucleoprotein gene (Fig. 3a) . Se
quence data other than for the South African isolates was 
obtained from Smith eta/. 1992, abbreviated as follows: 
PAK, PKDG1345 from Pakistan; PHI , RPLZDG727 from 
the Philippines; CHI, CHGXDG1141 from China; IHD, 
IDJVDG-853 from Indonesia; PV, Pasteur virus; ERA, 
Evelyn-Rokitnicki-Abelseth; TEX, TXUSFX 289 from Tex
as, USA; CVS, challenge virus standard; NA, MEDG1172 
from North Africa; TUN, TSDG1292 from Tunisia and 
CAM, NYUSDG343 from Cameroon. The tree was con
structed and 1 000 bootstrap replicates performed as indi
cated in Materials and Methods. An arbitrary cut-off point 
of 70% w,as taken as significant and all nodes with less 
than 70% significance was col lapsed onto the next sig
nificant node. All distances are proportional to the per
centage nucleotide divergence, shown by the scale 

domain of the glycoprotein and the pseudogene are 
shown in Fig. 5a and b. In both cases it is noticed 
that, as in the case of analysis of the nucleoprotein 
gene, the SA isolates clearly form a group which is 
distinguishable from laboratory strains and from a 
French fox isolate (wr56; sequence from Sacramento 
et at. 1992). In the case of the pseudogene analysis, 
a different "internal" pattern between the SA types 
is evident and it appears that, in comparison with the 
G-reg ion there is less evolutionary distance between 
all the other isolates and the South African isolates. 
For example, the average sequence difference be
tween the SA types and CVS is 16,2% in the case 
of the G-region and 11 ,5% for the pseudogene. 

Comparative analysis of genetic material from 
South African mongoose rabies isolates 

Four rabies isolates from yellow mongoose which 
were included in the present study are shown in 
Table 1. Whereas almost all South African canid ra
bies isolates conformed to only one reaction pattern 
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TABLE 1 Isolates from yellow mongooses in South Africa used 
in the investigation 

Nucleotide sequences 
Mab available Viverrid No. reaction groupb 

G (cytoplasmic) Pseudogene 
pattern• 

m480 + 17 2 
m466 + 20 3 
m420 + + 6 5 
m669 + 12 5 

b 127c + 12 5 

a & b N-specific Mab reaction patterns and grouping into different 
viverrid groups on this basis from King eta/. (1993) 

Serologically an atypical isolate from bat-eared fox. Refer 
to text for details 

with a panel of monoclonal antibodies (Mabs) to N
protein (King et at. 1993), mongoose isolates fell into 
different reaction pattern groups, as indicated in 
Table 1. The isolate b127 was included as it is the 
only bat-eared fox isolate (of 15) which does not con
form to the Mab reaction pattern typical for canid iso
lates (King et at. 1993). 

In the cases where pseudogene, glycoprotein gene 
(cytoplasmic domain) and nucleoprotein gene (anti
genic domain II) sequences for a particular isolate 
were available, similar results, in terms of phylo
genetic grouping, were obtained in such analysis. 
For that reason, and since we had the G-cytoplasmic 
domain sequence available for all isolates, the phylo
genetic analysis using this region of the genome is 
presented (Fig. 6). From th is analysis it is evident 
that the isolates m420, m466, m480 and m669, are 
phylogenetically related to each other but very differ
ent from all other SA rabies isolates. The distance 
between these mongoose isolates and the SA canid 
group also appears to be significantly greater than 
the distance between the European/vaccine strains 
and the SA canid strains. The bat-eared fox strain 
b127 also appear to be significantly different from all 
other isolates included in the study (Fig. 6). 

DISCUSSION 

Nucleic acid sequence analyses of three different 
regions of the genomes of eight canid rabies isolates 
from geographically distinct areas in South Africa 
were carried out. The 423 nt G-L intergenic pseudo
gene displayed most variation, followed by the cyto
plasmic domain of the glycoprotein gene while the 
antigenic domain II region of the nucleoprotein gene 
was found to be most conserved. Despite these ex
pected differences in nucleic acid conservation, phyla
genetically similar results were obtained in analyses 
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FIG. 5 Phylogenetic trees indicating the genetic relationships 
among South African canid rabies isolates (capitals) and 
their relationship with laboratory rabies strains and a 
European fox isolate (wr 56) on the basis of (a) sequence 
data for the cytoplasmic domain of the glycoprotein and 
(b) the G-L intergenic pseudogene. Sequence data other 
than that of the South African isolates was from Sacra
mento eta/. (1992) and standard abbreviations are used. 
Construction of the trees was carried out as described in 
the legend to Fig. 4 and all distances are proportional to 
percentage nucleotide divergence as shown by the scale 

of the three different genomic regions. Relative 
evolutionary distances as indicated for the different 
regions of the genome varied, but with debatable 
significance. In all cases it was shown that these SA 
canid rabies isolates are closely related and that 
they, as a group, can be distinguished from other 
African, European and Asian rabies isolates for 
which published sequence data were available. 

King eta/. (1993) have shown that, on the basis of 
the reaction of SA rabies isolates with a panel of 80 
N-Mab, most canid isolates conform to one particular 
reaction pattern whereas viverrid rabies isolates 
group to into several different reaction patterns. Our 
results based on the nucleic acid sequences of the 
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FIG. 6 Phylogenetic tree indicating the genetic relationships bet
ween South African mongoose rabies isolates (prefix m, 
Fig. 1, Table 1) and South African canid rabies isolates 
(numbers) and laboratory strains as well as European fox 
isolates (wr 56). Calculations and construction of the tree 
was as described in the legend to Fig. 4, using in this 
case the nucleic acid sequence of the cytoplasmic do
main of the glycoprotein. Distances along the solid lines 
indicate percentage nucleotide divergence proportional 
to the scale 

cytoplasmic domain of the glycoprotein support the 
differences described between canid and viverrid iso
lates from South Africa. All four mongoose isolates 
investigated, formed a distinct group quite distant (> 
10% nucleic acid sequence divergence) from the 
group comprised by canid isloates. Furthermore, our 
sequence data for these rabies isolates does not in
dicate any close relationship with other rabies virus 
isolates for which sequence data is available. 

One isolate from a bat-eared fox which was sero
logically different from other bat-eared fox isolates, 
was shown to have more than 13% sequence di
vergence in the cytoplasmic domain (glycoprotein) 
when compared with typical canid isolates. Thus, 
apart from confirming a different and perhaps archaic 
origin of SA mongoose rabies viruses, our data also 
suggests that spillover between distinct animal spe
cies reservoirs may occur as was also found with 
Mab studies (King et a/. 1993). To date our infor
mation is insufficient to permit reliable interpretation 
on the molecular epidemiology of rabies in South 
Africa. However, it is evident that nucleic acid se
quence analyses will make an important contribution 
to improving our understanding of the epidemiology 
of rabies in South Africa and elsewhere as more 
data is generated. 
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