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ABSTRACT 

BASTOS, A.D.S. 1998. Detection and characterization of foot-and-mouth disease virus in sub
Saharan Africa. Onderstepoort Journal ofVeterinary Research, 65:37-47 

Genomic amplification of the VP1 gene of SAT-type foot-and-mouth disease virus (FMDV) was 
performed with published and novel oligonucleotide primers. The primer pair with the highest SAT
type recognition (67 %) was identified and selected for optimization. Modifications to primers sig
nificantly improved SAT-type detection (100 %), broadened the recognition range to European (A, 
0 and C) and Asian (Asia-1) serotypes and improved test sensitivity. In addition to being able to 
confirm the presence of FMDV in a clinical specimen within 6 h of receipt, the PCR product, which 
is amenable to nucleotide sequencing, enables genetic characterization of viruses into serotype 
and topotype within 48 h. VP1 gene sequence analysis of isolates from seven African countries 
and representative of five of the six serotypes occurring on the continent, revealed that SAT-types 
have the highest levels of intratypic variation. lntratypic variation for the SAT-types ranged from 
34-40,4% on nucleotide level, and from 24,1-27,5% on amino acid level. In addition, the method
ology presented here was shown to be useful for determining the origin and tracing the course of 
epizootics in both wild and domestic cloven-hoofed animals. 

Keywords: lntratypic variation, nucleotide sequencing, phylogenetic analysis, polymerase chain 
reaction (PCR), SAT-types, VP1 gene, subtypes, topotypes 

INTRODUCTION 

Foot-and-mouth disease (FMD) is a highly contagious, 
economically devastating disease of cloven-hoofed 
animals. Seven serotypes occur, three of which are 
endemic to sub-Saharan Africa, namely SAT (South 
African Territory) type-1 , -2 and -3. Traditionally, Euro
pean serotypes 0, A and C which were historically 
exotic to southern Africa have been identified in a 
number of northern African countries and in Namibia, 
Angola, Malawi and Zambia (Brooksby 1972; Thomson 
1994). 

Although disease eradication has been achieved in 
North America and Western Europe, the probability 
of achieving this in sub-Saharan Africa is remote due 

to the role that wildlife plays in the epidemiology of 
the disease and the greater complexity of antigenic 
types (Brooksby 1972). African buffalo (Syncerus 
caffer) are efficient maintenance hosts of the virus and 
a potential source of infection for domestic livestock 
and wildlife (Thomson 1994). The situation is further 
exacerbated by the presence of six of the seven 
serotypes and high levels of intratypic variation in the 
indigenous virus types (Vosloo, Kirkbride, Bengis, 
Keet & Thomson 1995), making prevention and con
trol problematic. At present, the disease is controlled 
in South Africa by the restriction of animal movement, 
usually involving fences, and by vaccination (Hunter 
1996). 
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The applicability of current vaccine strains is assessed 
by antigenic comparison of these strains with field 
strains circulating in the Kruger National Park (KNP) 
and neighbouring countries. The last recorded outbreak 
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of FMD in livestock in South Africa occurred in 1983 
(Directorate of Veterinary Services 1983), with sub
sequent outbreaks being limited to wildlife in the KNP. 
The effective control of FMD in South Africa has al
lowed for recognition internationally of an infection-free 
zone. It is estimated that a widespread outbreak of 
the disease would affect an estimated R2 billion-worth 
of agricultural products annually (Thomson 1994). 
Early diagnosis and virus characterization is thus 
critical to minimizing the potentially detrimental eco
nomic effect of an outbreak. Presently this is achieved 
by virus isolation on tissue culture and/or serological 
techniques. The reported speed and sensitivity of vi
rus detection by means of the polymerase chain re
action (PCR) prompted an investigation into the ap
plicability and usefulness of the technique in the 
African context. Although a number of primer se
quences have been published for detection of foot
and-mouth disease virus (FMDV) by PCR, these prim
ers do not readily amplify the SAT types (A. Bastos, 
unpublished results 1996). Given the extensive intra
typic variation reported for all FMDV virus types, and 
the SAT-types in particular (Vosloo eta/. 1995), it is 
cle1ar that universal FMD detection can only be sub
stantiated by testing a wide range of divergent viral 
subtypes or topotypes. 

In order to address the problem of low SAT-type rec
ognition, the suitability of published and novel primer 
sequences for detecting the FMDV serotypes which 
occur in sub-Saharan Africa was evaluated. The VP1 
gene was targeted for this study as amplification of 
this portion of the genome not only allows for con
firmation of FMDV in a sample, but also facilitates viral 
characterization by means of nucleotide sequencing 
analysis (Beck & Strohmaier 1987). Emphasis was 
thus placed on SAT-type recognition when selecting 
a primer pair for possible modification and optimiza
tion, with the aim of improving the detection range and 
sensitivity of South and sub-Saharan African viruses 
by PCR. In addition, primer specificity for FMDV, the 
recognition range of primers and sensitivity levels 
were investigated in order to critically assess the di
agnostic potential of viral detection by PCR in sub
Saharan Africa. 

MATERIALS AND METHODS 

Virus strains and cell cultures 

FMDV isolates were obtained by preparing 10 % sus
pensions 0/'1/V) of buffalo (Syncerus caffer), impala 
(Aepyceros melampus) and bovine probang and epi
thelial specimens according to standard procedures. 
Primary pig kidney (PK) cells were inoculated with 
these suspensions and propagated further on IBRS2 
(lnsituto Biologico Rim Suino) or BHK (baby hamster 
kidney) cells. Additional aphthovirus isolates were 
obtained from the World Reference Laboratory, 
Pirbright and the Botswana Vaccine Institute, Gab-
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orone. Tissue culture specimens of enteroviruses were 
provided by C. Ghezzi of the National Institute of Vi
rology (N IV, South Africa). Plaque titration of selected 
strains was performed using IBRS2 cells according 
to standard procedures. 

RNA extraction and eDNA synthesis 

RNA was extracted from cell culture specimens by 
a modified guanidinium-based nucleic acid extraction 
method (Boom, Sol, Salimans, Jansen, Wertheim-Van 
Dillen & Van der Noordaa 1990). The RNA viral tem
plate was reverse transcribed using AMV-RT 
(Promega) with the 2A/B junction primer of Beck & 
Strohmaier (1987). Alternatively, a primer termed 2B 
(Table 1) which is complimentary to the sequence of 
primer P32 (Vangrysperre & DeClercq 1996) was used 
to prime the synthesis. Enterovirus eDNA was pre
pared by a hexanucleotide method (Meyer, Pacciarini, 
Hilyard, Ferrari, Vakharia, Donini, Brocchi & Molitor 
1994). 

PCR amplification 

Genomic amplification of the FMD viral genome was 
performed with a variety of novel, published and modi
fied primers (Table 1). These primers bind to VP1 or 
neighbouring genes and amplify distinct fragments 
with the different primer combinations, as outlined in 
Fig. 1. FMDV oligonucleotides VP1 a, VP1 b and P1 
were synthesized by MWG-Biotech GmbH, whilst the 
W-US, VP1 D and VP3U primers were synthesized by 
the Department of Biochemistry, University of Cape 
Town. The reactions were performed in a 25 f..l~ volume 
in the presence of 1-2 f..l~ of eDNA template, 0,2 mM 
dNTP, 0,25 pM of each primer, 1 x buffer (DynaZyme) 
and 0,5 U of Taq polymerase (DynaZyme). After an 
initial denaturation step at 96 oc for 1 min, 30 cycles 
of denaturation at 96 oc for 12 s, annealing at pair
specific temperatures (Table 1) for 20 s and extension 
at 70 oc for 40 s were performed. Primers based on 
those of Rotbart (1990) which target a 154 bp fragment 
in the conserved 5' non-coding region of enterovirus 
genomes were supplied by C. Ghezzi, NIV and used 
with minor modification to both oligonucleotides and 
reaction conditions (C. Ghezzi, personal communica
tion 1997). 

PCR purification and nucleotide sequencing 

Amplification of the expected fragment was confirm
ed by product size estimation against a DNA mole
cular weight marker on a 1 ,5 % agarose gel. Bands 
of the correct size were excised from the gel and puri
fied by means of the Cleanmix purification system 
(Talent). The purified products were sequenced with 
T7 DNA polymerase (Sequenase version 2,0, USB) 
and an [a -32P]dATP radioactive label (Amersham) in 
the presence of 10% DMSO (yVinship 1989). Two in
dependent amplification and sequencing reactions 
were performed per isolate. 
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W-USNP1U 

1C(VPS) 

+ Sense strand primer 

+ Antisense primer 

VP3U 
+ 

VP1D 

+ 
1D(VP1) 

P1 2B 

++ 

995 bp 

571 bp 

924 bp 

500 bp 

443bp 

FIG. 1 VP1 gene amplification strategy Arrows indicate primer orientation and binding position with approximate sizes of ampli
fication products obtained with different primer combinations given in base pairs (bp) on the right 

Phylogenetic analysis 

VP1 gene nucleotide sequences were translated and 
the deduced amino acid sequences aligned accord
ing to the guidelines set by Palmenberg (1989) for 
picornaviral capsid proteins. These sequences have 
been deposited in Genbank under the accession num
bers indicated in Table 4. Analyses were conducted 
on the carboxy-terminal136 amino acids (aa) of the 
aligned VP1 gene sequences. Gene trees were con
structed using the neighbor-joining method included 
in the MEGA programme (Kumar, Tamura & Nei 1993), 
with p-distances and pairwise deletions of gaps and 
missing data being applied. Node reliability was esti
mated by 1 000 bootstrap replications. Published 
sequences of serotype A (A,4 Cruzeiro; Makoff, Payn
ter, Rowlands & Boothroyd 1982) and 0 (01 Kauf
beuren; Forss, Strebel, Beck & Schaller 1984) strains 
of non-African origin were also included in the analy
ses. 

RESULTS 

Primer-pair recognition of FMDV serotypes 

Five different primer pairs were tested against one 
representative of each of the European and Asian 
serotypes and two of each of the SAT-types in order 
to establish general FMDV and SAT-type recognition 
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capabilities of different primer pairs by PCR. Primer 
pairs 2B+VP3U and P1 +W-US scored equally well 
in terms of SAT-type amplification (Table 2), with pair 
2B+VP3U having a higher overall recognition for all 
FMDV types. The P1 +W-US pair was, however, se
lected for optimization as amplification of all three SAT
types was obtained (2B+VP3U did not amplify the 
SAT-2 strains) and the level of amplification was gen
erally higher. In addition, the product size of the 
P1 +W-US primer pair is closer to the 200-400 bp 
amplification efficiency range (Rychlik 1993) and the 
500 bp product can potentially be sequenced in its 
entirety with the external PCR primers alone. 

Primer optimization and testing 

It was noted that the 3' terminal nucleotide of the 
W-US primer corresponds to a third base amino acid 
position which is known to be highly variable and have 
a high mutation frequency (Vosloo, Bastos, Kirkbride, 
Esterhuysen, Janse van Rensburg, Bengis, Keet, & 
Thomson 1996). By comparing the only complete VP1 
gene sequence of a SAT-type (Brown, Campbell & 
Clarke 1989) with the sequences of European 
serotypes A, 0 and C (cf. Table 1), a 22mer primer 
(termedVP1 Ua) based on the consensus sequence 
of these aligned sequences was identified and syn
thesized. The primer was designed to end at a sec
ond base position of the corresponding amino acid in 
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TABLE 2 Summary of PCR results obtained with published and novel primer pairs 

Viral isolate Serotype 2B+VP3U P1+VP3U VP1D+VP3U 2B+W-US P1+W-US 

PAK 1/54 Asia-1 ++ X X -- X 

KEN 37/84 A -- -- -- -- --
KEN 1/91 0 X + -- -- --
C

3 
Resende c + X -- -- X 

KNP 196/91 SAT-1 + X -- -- ++ 
ZAM29/96 SAT-1 + X -- -- --
ZIM 7/83 SAT-2 X -- -- -- + 
KNP 19/89 SAT-2 -- -- -- -- - -
BEC 1/65 SAT-3 + + + -- ++ 
KNP 10/90 SAT-3 ++ X -- -- ++ 

%FMDV 60% 20% 10% --- 40% 

%SAT §§,1_%. lQ,l_%. 16.7.%. --- §§,1_%. 

no amplification 
+ weak amplification 
++ good amplification 
x nonspecific amplification 

Percentages indicated in bold correspond with the overall FMDV recognition (+and ++score as positive,-- and x are considered negative) 
by PCR, whilst underlined percentages indicate the level of successful amplification of SAT-types 

1353 bp-
1078 bp-
872bp-

603bp-

2 3 4 5 6 7 8 

order to stabilize the terminal end of the oligonucle
otide. Although recognition of SAT-types increased to 
86 %, the P1 +VP1 Ua pair was not capable of ampli
fying all SAT-type field strains tested. This was in all 
likelihood due to variability in the first base nucleotide 
position one residue in from the terminal 3' nucleotide. 
Mismatches in this position are known to affect po
lymerization, a characteristic exploited for diagnos
tic purposes in the amplification refractory mutation 
system (ARMS) PCR (Wenham, Newton & Price 
1991). A second VP1 U primer, termed VP1 Ub was 
therefore synthesized. This primer was based on the 
consensus sequence of Asia-1, in addition to SAT-3, A, 
0 and C and was extended by three nucleotides 
on the 3' end so that the final oligonucleotide length 
was 25. Alignment of various representatives of the 
five serotypes on which the primer sequence was 
based revealed that the terminal three nucleotides are 

- 500bp 

FIG. 2 Agarose gel depicting apmplification of all 
seven FMDV serotypes with the VP1 Ub and 
P1 primer set 

Lane 1 contains the 0X 174 (Hae Ill) DNA 
molecular weight market (Promega) 

Lane 2 through 8 contain PCR products of 
approximately 500 bp, which are amplified 
in the presence of the following eDNA 
termplates: • 

(2) PAK 1/54 (Asia-1) 
(3) KEN 37/84 (Serotype A) 
(4) KEN 77/78 (Serotype 0) 
(5) C1 Neville (Serotype C) 
(6) BOT 1/68 (SAT-1) 
(7) KNP 19/89 (SAT-2) 
(8) KNP 10/90 (SAT-3) 

highly conserved amongst the different FMDV sera
types. Testing of these primers not only revealed sig
nificantly improved SAT-type recognition, but also 
enabled amplification of various subtypes of the Eu
ropean strains in addition to amplification of an Asia-
1 isolate. Product sizes varied due to inter- and 
intratypic differences in VP1 gene amino acid se
quence length (Fig. 2). The relative amplification 
efficiencies of the upstream VP1 primers combined 
with the P1 primer are summarized in Table 3. With 
the exception of KEN 1/91 all 30 isolates tested with 
the VP1 Ub + P1 primer pair amplified the expected 
band of approximately 500 bp. KEN 1/91 was, how
ever, amplified with the 2B+VP1 Ub primer pair, thereby 
permitting sequencing of the VP1 gene. Testing of the 
optimized VP1 Ub primer in combination with 28 in 
PCR revealed that this primer pair successfully am
plifies all European and Asian types tested but has 
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TABLE 3 Relative recognition of published and modified VP1 gene amplification primers for the endemic SAT-types and for all 
seven FMDV serotypes 

FMDV isolate Serotype 

PAK 1/54 Asia-1 
}\Allier A 
A24 Cruzeiro A 
KEN 1/76 A 
KEN37/84 A 
C, Neville c 
0 1 BFS 0 
KEN77/78 0 
KEN 1/91 0 
BOT1/68 SAT-1 
BOT1/77 SAT-1 
MOZ3/77 SAT-1 
SAR 9/81 SAT-1 
MAL 1/85 SAT-1 
KNP 196/91 SAT-1 
KNPB/95 SAT-1 
ZAM 29/96 SAT-1 
BOT3/77 SAT-2 
MOZ4/83 SAT-2 
ZIM?/83 SAT-2 
KNP 19/89 SAT-2 
SWA 1/89 SAT-2 
KNP51/93 SAT-2 
KNP6/96 SAT-2 
BEC 1/65 SAT-3 
RH03/78 SAT-3 
KNP 10/90 SAT-3 
KNP3/94 SAT-3 
KNP25/94 SAT-3 
ZAM4/96 SAT-3 

% FMDV recognition 

% SAT-type recognition 

no amplification 
+ weak amplification 
++ = good amplification 
x = nonspecific amplification 

W-US+P1 VP1Ua+P1 VP1Ub+P1 

X ++ ++ 
- - ++ 
++ ++ ++ 
- + ++ 
- + ++ 
X + ++ 
- + ++ 
X X + 
- - -
- ++ + 
- + + 
- - ++ 
+ + ++ 
- + ++ 
++ + ++ 
- - ++ 
- + ++ 
+ ++ ++ 
X + ++ 
+ ++ ++ 
- + ++ 
X + ++ 
++ + + 
+ ++ ++ 
++ + + 
- - ++ 
++ ++ + 
+ + ++ 
++ ++ ++ 
+ + ++ 

40% 80% 97% 

~~ 86~ 100~ 

Percentages indicated in bold correspond to the overall FMDV recognition(+ and++ score as positive,-- and x are consid
ered negative), whilst underlined percentages indicate the level of SAT-type recognition 

limited success in amplifying SAT-types (results not 
shown). These results indicate that of the two poten
tial eDNA and/or antisense PCR primers, P1 (Beck 
& Strohmaier 1987) is the more conserved of the two, 
across all seven serotypes. 

Confirmation of specificity 

In order to assess the specificity of the VP1 gene 
primer pair for FMDV alone, eDNA was prepared from 
genetically and/or symptomatically related Picornavi
ridae such as swine vesicular disease virus (SVDV). 
The strains tested were representative of the entero
virus [coxsackie 82 and -84; echo 11; polio-1, -2 and 
-3; bovine enterovirus (BEV); SVDV] and cardiovirus 
(encephalomyocarditis) genera. Integrity of the eDNA 
was confirmed by amplification with enterovirus-spe
cific primers (Rotbart 1990).1nterestingly, all entero
virus strains with the exception of BEV isolates am
plified the expected 154 bp enterovirus band (results 
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not shown). This is perhaps not surprising in view of 
the grouping of BEV outside the enterovirus and rhi
novirus cluster on the basis ofVP1 gene phylogenetic 
analysis (Palmenberg 1989). Encephalomyocarditis 
was negative with the enterovirus primers. All entero
virus and cardiovirus virus strains tested were nega
tive for PCR with the VP1 Ub and P1 primer pair. 

PCR sensitivity determinations 

Sensitivity was initially determined for the optimized 
P1 +VP1 b primed amplification under previously pre
scribed reaction conditions with one representative of 
each of the SAT-types. eDNA was synthesized from 
ten-fold dilutions of infected cell cultures. In addition, 
ten-fold dilutions of eDNA synthesized from stock virus 
RNA were also prepared for use as templates in PCR. 
Comparison of results obtained with the diluted eDNA 
and the eDNA prepared from diluted cell culture sam
ples allowed assessment of the effect that minimal 
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Scale:----- is equal to a distance of approximately 4,3% 

99 KNP 5/92 SAT-2 

91 
I KN P 51/93 SAT-2 

100 
MOZ 4/83 SAT-2 

ZIM 7/ 

~ r- SWA1 

83* SAT-2 

/89 SAT-2 

~ 
SAR 9/81* SAT-1 

KNP 148/91 SAT-1 

100 ZIM 3/88 SAT-I 
751 BOT 1/68 SAT-1 

ZAM 4/96 SAT-3 

BEG 1/65 SAT-3 

100 L--- KN P 25/94 SAT-3 I 79 
981 KNP 10/90* SA T-3 

100 I 
I KEN 37/8 4A 

100 01a 

100 KEN 1/91 o 

FIG. 3 Neighbour-joining tree depicting the phylogenetic relationshipts of five sub-Saharan African FMDV serotypes bases on 
BP1 gene amino acid sequences 

Bootstrap proportions >65 (based on 1 000 reiterations) are indicated on the branches with FMDV serotype being indi
cated in italic to the right of the isolate name 

* Indicates Onderstepoort Institute for Exotic Diseases vaccine strains 

quantities of virus in the starting material has on ge
nomic amplification. The equivalent of less than one 
PFU per 25 JlQ PCR could be detected when the di
luted eDNA was used. In contrast, detection levels 
with the diluted cell culture samples could not match 
those of the diluted eDNA samples, but nonetheless 
consistently amplified the 500 bp fragment in the pres
ence of 5 or less PFU per PCR. Comparison of am
plification capabilities of primer pairs P1 + VP1 b and 
P1 +W-US revealed that sensitivity was between 10 
and 1 000 fold lower with the latter primer pair in com
bination with certain SAT isolates. 

Phylogenetic relationships and intratypic variation 

Between 417 and 507 nucleotides (nt) were deter
mined for at least one representative of the seven 
FMDV serotypes by sequencing the amplification 

products of the 2B+ VP1 Ub or P1 + VP1 Ub primer pairs. 
The SAT-3 nucleotide sequence of the 0 I ED BEC 1 /65 
isolate has 97,1 %sequence identity with the pub
lished sequence of this strain, over the 450 nt com
pared (Brown eta/. 1989). The Asia-1 deduced amino 
acid sequence of isolate PAK 1/54 has 1 00 % iden
tity with the Palmenberg (1989) Asia-1 VP1 genese
quence. 493 nt of PAK 1/54 corresponding to the 
carboxy-terminal region of VP1 , the entire 2A and a 
partial 2B sequence have been submitted to Genbank 
under accession number AF024509, but have not 
been included in the phylogenetic analysis. Likewise, 
the 417 nt sequence corresponding to 1 D (3' end) and 
2A (5' end) of isolate C1 Noville has been submitted 
to Genbank (accession number AF02451 0) and dis
plays > 99 % sequence identity with the M90379 Gen
bank sequence of this strain (Martinez, Dopazo, Her
nandez, Mateu, Sabrina, Domingo & Knowles 1992). 
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lntratypic amino acid variation levels were highest in 
the SAT-types with SAT-1, -2 and -3 displaying differ
ences of 25,4 %, 27,5% and 24,1 %, respectively, for 
the isolates used in this analysis (Table4}. Kenyan A 
and 0 types were compared with non-African isolates 
of the same type, yet displayed lower levels of 
intratypic variation. Amino acid sequence differences 
were 12 % for each of the A and 0 type groupings 
included here. Overall, amino acid variation was 60,1 % 
for the 13 SAT-types and 34,7% for the four European 
serotypes used in the phylogenetic analysis. 

In the SAT-2 cluster, the Namibian and northern Zim
babwe isolates form a distinct and separate grouping 
from the southern isolates which originate from Mo
zambique and South Africa. As bootstrap proportions 
~ 70 % generally correspond to a > 95 % probability 
that the corresponding cluster is meaningful (Hillis & 
Bull 1993), the structuring within the SAT-types is con
sidered to be statistically well supported with distinct 
northern and southern groupings being observed for 
all three types. 

DISCUSSION 

Initial screening of five different primer pairs, all of 
which target the VP1 gene revealed that recognition 
for the SAT-types was low. The primer pair initially 
shown to have a 66,7% recognition capability for six 
SAT-type strains was later shown to have an even 
lower detection capability (52 %) for these serotypes 
when it was tested against 21 field and outbreak 
strains originating from various sub-Saharan African 
countries. Initial optimization led to a 34% increase 
in detection ability and with additional modifications 
resulting in 1 00 % recognition for all SAT-types tested. 
In addition to improving SAT-type recognition, the 
optimized primer pair (P1 +VP1 Ub) resulted in a sig
nificant improvement in detection of all seven FMDV 
serotypes and was shown to be theoretically capable 
of detecting < 5 PFU per PCR on dilution of plaque 
titrated TC samples and < 1 PFU/PCR when diluted 
eDNA was used as a template. This discrepancy in 
sensitivity can be related to inefficiencies in eDNA 
synthesis in the presence of limited amounts of viral 
RNA in the diluted cell culture infected samples. The 
universal detection capabilities of the optimized prim
ers were confirmed by testing them against various 
sub- and topotypes of each of the serotypes. 
Specificity of the primers for exclusive FMDV genome 
recognition and amplification was confirmed by the 
failure to amplify genetically and symptomatically 
related picornaviruses under optimized reaction con
ditions. 

Sequencing of the amplified fragment of expected size 
confirmed the specificity of the primers for the VP1 
gene for all seven serotypes and consistently pro
duced in excess of 400 nt of sequencing data for each 
of the isolates amplified. This increased sequence 

A.D.S. BASTOS 

length significantly improves phylogenetic resolution 
of viral strains as exemplified by the high node sup
port obtained from 1 000 bootstrap replications and 
overcomes restrictions on sequence length previously 
imposed by direct RNA sequencing of the viral ge
nome. Nucleotide intratypic variation levels were 
34 %, 40,4 % and 36,1 %for SAT-1, -2 and -3, respec
tively, and exceeds the maximum level of variation 
previously reported for these serotypes (Vosloo eta/. 
1995) by more than 1 0 %. As the increased sequence 
length obtained by the PCR approach includes amino 
acid data on both the G-H loop and C-terminus 
immunodominant sites and corresponds to approxi
mately 60% of the total VP1 gene sequence, it is 
considered more representative and therefore a more 
accurate estimate of the true VP1 gene intratypic 
variation for the SAT-types. The lower intratypic vari
ation levels observed here for the European serotypes 
may in part be attributed to the inclusion of fewer iso
lates in the analysis than was the case for the SAT
types. 

The FMDV detection and characterization approach 
outlined here has been useful for determining the ori
gin of current field strains and for tracing the course 
of epizootics in impala in South Africa (Keet, Hunter, 
Bengis, Bastos & Thomson 1996}. Two SAT-2 impala 
strains KNP 5/92 and KNP 51/93 although isolated 1 
year apart (1992 and 1993} were shown to be part of 
the same epizootic, yet unrelated to a previous epiz
ootic in impala in the KNP which occurred in 1988/ 
89. In addition to supplying useful information linking 
current field and outbreak isolates, these primers can 
potentially be used in retrospective studies on histori
cal outbreak strains as they were shown here to suc
cessfully amplify isolates obtained over a 33 year 
period (1965-1996). 

Of the published universal FMDV primers, few fulfill 
the requirement of both detection and characteriza
tion. Primers have been described which detect all 
seven serotypes, but which are serotypically non-in
formative because they target non-structural genes 
(Meyer, Brown, House, House & Molitor 1991; Laor, 
Torgersen, Yadin & Becker 1992}. Alternatively, prim
ers have been described which target the capsid cod
ing region (Hafner, Carpenter & Donaldson 1993} and 
are therefore potentially useful for molecular epidemio
logical studies, but have limited recognition capabili
ties for SAT-types (A Bastos, unpublished results 
1996}. Primers are also available which amplify prod
ucts of under 350 bp from structural coding genes 
(Amarai-Doel, Owen, Ferris, Kitching & Doel1993). 
Sequencing of such products results in under 300 nt 
of sequence which is insufficient sequence length to 
accurately infer a FMDV VP1 gene phylogeny (A 
Bastos, unpublished findings 1995) and are therefore 
generally not suitable for accurate viral characteriza
tion. The identification of a primer pair which ampli
fies all seven serotypes, has a wide recognition range 
for the many sub- and topotypes occurring within a 
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serotype and whose product is amenable to sequenc
ing, is critical to effective and rapid identification and 
characterization of field and outbreak strains of FMr:N. 
The primer pair described here is capable of detect
ing FMr:N within 6 h of receiving a sample and allows 
for accurate genetic characterization on the basis of 
nucleotide sequencing within 48 h of receiving a posi
tive sample. These primers clearly fulfil the require
ments of FMDV detection and characterization bet
ter than others described previously and are therefore 
recommended for molecular epidemiological clarifica
tion of FMrN in sub-Saharan Africa and elsewhere. 
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