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Abstract — The development and standardisation of a novel, highly sensitive and specific one-step
hot start multiplex RT-PCR assay is presented for the simultaneous and differential diagnosis of
African swine fever (ASF) and Classical swine fever (CSF). The method uses two primer sets, each
one specific for the corresponding virus, amplifying DNA fragments different in length, allowing a
gel-based differential detection of the PCR products. Universal detection of ASF and CSF virus
strains was achieved through selection of primers in conserved viral genome regions. The detection
range was confirmed by analysis of a large collection of isolates of the two viruses. The high
specificity of the assay was proven by testing related viruses, uninfected cell line cultures and
healthy pig tissues. Additional confirmatory tests of the ASF and CSF virus amplicon specificity,
based on restriction endonuclease analysis with BsmA I or Ban II, respectively, are also described.
The analysis of whole blood and serum samples from experimentally infected animals proved the
usefulness of the method for an early diagnosis of both diseases, even before the appearance of the
first clinical signs. A study of 150 positive field samples from several ASF and CSF outbreaks
showed the suitability of this method for a rapid (less than five hours), sensitive and specific
differential diagnosis in clinical samples. In addition, a highly sensitive and specific uniplex RT-
PCR for CSFV was also developed and standardised as a powerful tool for fast and early diagnosis
of the disease.
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1. INTRODUCTION

African swine fever (ASF) and Classical
swine fever (CSF) are two highly conta-
gious viral diseases of swine affecting domes-
tic pig and wild boar populations. Both dis-
eases are included in OIE List A, because
of the high mortality rates associated with
the acute forms, that cause huge economic
losses in the affected countries, and the
potential for extensive and rapid spread at
international level.

ASF is caused by African swine fever
virus (ASFV), a complex double stranded
DNA virus, classified as the only member
of genus Asfivirus in the family Asfarviri-
dae [28]. The acute form of ASF is charac-
terized by high fever, extensive haemor-
rhages, pulmonary oedema and intensive
necrosis of lymphoid tissue [11, 24]. Dur-
ing past decades the disease was present as
endemic in most of the sub-Saharan coun-
tries of Africa, and a significant increase in
the ASF outbreaks has occurred since 1997.
In these countries, ASF is maintained by a
cycle of infection between wild boars, act-
ing as areservoir, and soft ticks (the biolog-
ical vector) with transmission to domestic
pigs. Since the first introduction of the dis-
ease in Europe (Lisbon, 1957), several out-
breaks of ASF have taken place in different
European and American countries [2, 3]. At
present the virus is endemic in Sardinia
(Italy), where carrier wild boars and domes-
tic pigs recovered from the ASFV infection
have been considered involved in maintain-
ing the disease. No treatment or effective
vaccine is available against ASF and the
disease control is based on a rapid labora-
tory diagnosis and the enforcement of strict
sanitary measures.

CSF is caused by Classical swine fever
virus (CSFV), an enveloped virus with a
positive single stranded RNA genome,
belonging to the Pestivirus genus of the Fla-
viviridae family [36]. It is closely antigenic
and genetically related to the other mem-
bers of the Pestivirus genus: Bovine Viral
Diarrhoea Virus (BVDV) and Border Dis-
ease Virus (BDV), alias ovine pestivirus,

that sporadically also infect swine herds.
CSF has currently a worldwide distribution,
even though some countries have success-
fully eradicated the virus, it represents a
constant threat to pig producing countries.
In Europe CSFV is maintained within the
wild boar population that may re-introduce
the disease by contact with domestic pigs
[26]. Illegal swill feeding practices have
also been considered to be responsible for
some of the recent CSF outbreaks in Europe.
CSF acute and subacute forms are charac-
terised by haemorrhages and can be easily
confused with those observed in ASFV
infections. This fact makes the differential
diagnosis essential in the case when haem-
orrhagic symptoms and fever are observed
in a swine population. At present a non-vac-
cination policy is implemented in the EU.
A main reason for this ban is that no differ-
entiation between vaccinated and naturally
infected animals can be made, when con-
ventional live virus vaccines are used.
Recently, new marker vaccines have been
introduced in the market, but the discrimi-
natory test accompanying these marker
vaccines need to be improved in terms of
sensitivity and specificity. At present, CSF
control—eradication strategies in the EU are
mainly based on an early laboratory diag-
nosis and implementation of the specific
sanitary measures, including stamping out
of large numbers of animals in the affected
areas and in the surroundings. The losses
can be very high. For example, during the
1997-1998 epidemic in The Netherlands
429 CSF-infected herds were depopulated
and approximately 1 300 herds were slaugh-
tered pre-emptively. In addition millions of
pigs of herds not CSF-infected were killed
for welfare reasons [34].

The above listed points clearly indicate
that the rapid and robust diagnosis of ASF
and CSF is extremely important, in order to
prevent the huge losses in the swine popu-
lations.

ASF and CSF require early diagnosis as
an essential tool in epidemiological surveil-
lance programmes. The standard laboratory
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methods for diagnosis of ASFV and CSFV
are mainly based on virus isolation in cell
culture, which is tedious and time consum-
ing. The PCR is an alternative rapid detec-
tion method of the viruses [6, 10]. It has at
least the same sensitivity than standard cell
cultures and offers much higher sensitivity
and specificity than other available rapid
methods such as ELISA and immunofluo-
rescence based assays [23, 30, 35]. Several
uniplex PCR-based methods have been
reported for ASFV or CSFV detection. How-
ever, according to our knowledge, there is
no report on the use of multiplex RT-PCR
format to detect ASFV and CSFV viruses
in a single reaction.

The purpose of this study was the devel-
opment of a hot-start multiplex RT-PCR for
the simultaneous and very rapid detection
of ASFV and CSFV.

2. MATERIALS AND METHODS

2.1. Viruses

ASFYV and CSFV isolates as well as other
related viruses used throughout this study
are listed in Table 1.

2.2. Cell cultures and virus propagation

ASFV were propagated in pig leukocytes
or alveolar macrophages cultures, and virus
isolation and haemadsorption tests were per-
formed as previously described [21, 37]. Other
viruses were grown in PK15 cell line (CSFV
isolates and Aujeszky’s Disease Virus, ADV);
MDBK cell line (BVDYV and BDV strains);
BHK-21 cell line (Foot-and Mouth Disease
Virus, FMDV, and Vesicular Stomatitis Virus,
VSV); porcine alveolar macrophages (Por-
cine Respiratory and reproductive Syndrome
virus, PRRSV, European variant strain 5710);
and MARC-145 cell line (PRRSV, Ameri-
can variant strain VR2332), following stand-
ard protocols. PK15, MDBK, and BHK-21
non-infected cell cultures were also used in
the specificity assays.

2.3. Experimental and field samples

All the in vivo experiments were per-
formed in the BSL-3 animal facilities at
CISA, Valdeolmos. Large-white x Landrace
pigs were inoculated with ASFV or CSFV
isolates and clinical samples were obtained
as follows.

2.3.1. ASFV experimental samples

— Serum and EDTA-blood samples from
two one year-old pigs intramuscularly inoc-
ulated with 10 HADUs of the low virulent
ASFV Spain 75 strain, were collected on
days 0, 1,2, 3,4 and 7 post-inoculation (PI).
— Tissue samples (spleen, kidney, tonsils,
lung, liver and lymph nodes) and EDTA-
blood were obtained at PI day 5 from one
pig, three months of age, intramuscularly
inoculated with 107 HADUj of ASFV Lis-
bon 60 strain. For further studies in poorly
preserved samples, pieces of kidney sam-
ples were kept at room temperature for 0, 14
and 28 days.

2.3.2. CSFV experimental samples

— Serum samples from two 1 year-old pigs
inoculated with CSFV by intramuscular
administration of 10° TCID5 of Spain 2/
2001 isolate were collected on PI days 0, 1,
2,3,4,7 and 14. One of the pigs was euth-
anized on Pl day 7. From this animal spleen,
tonsils and kidney tissue samples were col-
lected.

— Spleen, tonsils, kidney and lymph nodes
tissue samples from one pig experimentally
infected with CSFV via intramuscular
injection of 5 x 105 TCIDs of V1240/97
(Paderborn) isolate, sacrificed at PI day 7.

Porcine blood and tissue samples (spleen,
kidney, and tonsils) of a healthy donor pig
were employed in the specificity assays.

2.3.3. Field samples

A collection of 18 sera, 4 blood and
48 tissue ASFV positive samples, recovered
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Table I. Viruses used in specificity assays.

ASFVab

American strains®: Brazil 78, Haiti 78, Dominican Republic 79;

European strains®?: Spain 70, Spain 75, Spain 94, Italy Ca78/1, Italy Nu 84WB, Italy Nu 90/1,
Italy Nu 95/2, Italy Nu 98, Lisbon 57, Lisbon 60, Malta 78;

African strains?: Uganda 64, Mozambique 64, Katanga 67, Angola 72, Cape Verde 97, Cape Verde

98, Cote d’Ivoire 99, Nigeria 2001.

CSFV strains®°

Subgroups 1.1: Alfort 187, Eystrup; 1.2: Brescia; 2.1: Spain 97, V1240/ 97 Paderborn Germany;
2.2: Parma 98; 2.3: 2699/Osterode 82, Switzerland IV/93, Belgium 1189/1, Alfort/Tubingen,
VI3837/38 Germany 99, Spain 1/2001, Spain 2/2001, Spain 1/2002, Visbek/Han 95; disparate
viruses (outgrouped): Kanagawa 74, Congenital Tremor.

Bovine viral diarrhoea virus (BVDV) strains®¢-4

Types I: Sanders, NADL, Oregon; II: 61/138 Low Saxony Germany,

and 61/120 Low Saxony Germany.

Border disease virus (BDV) strains¢:¢-f
X818, Moredun, Frijters, and 137/4.

Foot and Mouth disease virus (FMDV) strains?

Serotypes A: A, Iraq(IRQ24/64); O: O;-Manisa/Turkey 69; C: C;-Noville Switzerland/65; refe-

rence strains of serotypes Sat 1, 2, 3, and Asial.

Vesicular stomatitis virus (VSV) strains?

Serotypes: Indiana type 1 Colorado 1942, and New Jersey Colombia 1964.

Swine vesicular disease virus (SVDV)?

Clinical samples from experimentally infected pigs with UKG27/72 reference strain.

Porcine respiratory and reproductive syndrome virus (PRRSV) strains?

European 5710, and American VR2332.

Aujeszky disease virus (ADV)?
Phylaxia reference strain.

4 ASF International reference laboratory (OIE, European Union), Department of Exotic Diseases, Centro
de Investigacién en Sanidad Animal (CISA-INIA), Valdeolmos, Spain.

b Istituto Zooprofilacttico della Sardegna, Sardegna, Ttaly.

¢ CSF virus European reference laboratory, Institute of Virology, Hanover, Germany.

d Veterinary Laboratory Agency, Weybridge, United Kingdom.

¢ Elizabeth MacArthur Agricultural Institute, Camden, Australia.

fID-Lelystad, The Netherlands.

from sick animals of ASF outbreaks occurred
in Spain over the period 1960-1994 and
more recently in Cape Verde Islands, Cote
d’Ivoire and Nigeria; as well as a collection
of fifty sera and thirty tissue CSFV positive
samples from infected pigs of the Spanish

1997-1998 and 2001-2002 CSF outbreaks,
were used for the assessment of the uniplex
and multiplex PCR reactions in clinical
samples. Both collections proceed from the
Department of Exotic Diseases of CISA-
INIA (Valdeolmos, Spain); where samples
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Table II. Selected ASFV and CSFV primer sets and main characteristics.

Primer  Specificity Sequence Genome posi- Strains  BVDV/BDV  Amplicon
(5-3%) tion homology  homology length (bp)
(%) (%)
PPA-1 ASFV AGTTATGG- 88600-88619% 100 -
(VP73 gene) GAAACCCGACCC
PPA-2 ASFV CCCTGAATCGGAG- 88363-883812 100 - 257
(VP73 gene) CATCCT
PPC-3 CSFV GGACTAGCAAACG-  112-132P 100 66.6-85.7
(5’NTR) GAGGGACT
PPC-4 CSFV TCGAGGTGG- 198-219b 86.4-100  27.3-54.5 108
(5’NTR) GCTTCTGCTCACG

ABA71V (accession number U18466).
b Alfort 187 (accession number X87939).

were confirmed to be ASFV or CSFV positive
by OIE described reference methods [37].

2.4. Primers and restriction
endonuclease selection

ASFV specific primers PPA-1/PPA-2,
previously described [1], were employed in
the multiplex RT-PCR.

CSFV specific primers were designed
considering sequences of the S’NTR of the
genome of 55 different pestivirus strains,
available in GenBank or in the database of
CSF European reference laboratory of Hano-
ver (Germany), that includes 37 CSFV rep-
resenting subgroups described by Lowings
[20]: 1.1, 1.2, 2.1, 2.2, 2.3 and disparate
virus outgrouped [12, 13, 15, 25, 27, 31—
33], fourteen BVDV belonging to types I
and II [5, 8, 32] and four BDV isolates [4,
29]. Sequences were aligned, using Clustal
W software, and five oligonucleotides were
primarily selected from highly conserved
sequences among the different CSFV strains
but showing high divergence with the other
pestiviruses. Three primer pairs defining
amplicons different in length to the ASFV
specific amplicon, were tested in a prelim-
inary uniplex and multiplex RT-PCR study.
CSFV primer set, PPC-3/PPC-4 was finally
selected on the basis of the best results in

both sensitivity and specificity. The oligo-
nucleotide sequence of the ASFV and CSFV
primer sets and their main characteristics
are summarized in Table II. Oligonucle-
otides were purchased from Applied Biosys-
tems (Foster City, USA).

A BsmA TIsite cutting the PPA-1/PPA-2
ASFV amplicon in two fragments of 173
and 84 bp has been previously described
[1]. Sequence analysis of the CSFV genome
region delimited by PPC-3/PPC-4 primer
pair allowed to locate a Ban II restriction
endonuclease site, splitting the amplicon in
two fragments of 70 and 38 bp, that was
conserved in the sequence of all the CSFV
analysed isolates. The Ban II and BsmA I
restriction endonuclease sites were used for
additional specificity confirmation of the
amplification products.

2.5. Extraction methods

Total nucleic acids (DNA and RNA)
were purified from 200 puL of sample (cell
cultures, serum, blood collected in EDTA,
tissue homogenates 10% in PBS) using
High Pure PCR Template Preparation Kit
(Roche Diagnostics GmbH, Mannheim, Ger-
many), following manufacturer’s protocol.
Nucleic acids were finally eluted in 50 puL
of milliQ water. This extraction method was
used for any DNA virus and also for CSFV.
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Total RNA was extracted from 100 uL
of sample (cell cultures, serum, EDTA-
blood and tissue homogenate 10% in PBS)
with a commercial reagent (Tripure Isola-
tion Reagent, Roche Diagnostics GmbH,
Mannheim, Germany), as recommended by
the supplier. RNA was resuspended in 10 uL.
of milliQ water. This extraction method
was used for any RNA virus except CSFV.

2.6. Uniplex and multiplex hot start
PCR assays

2.6.1. ASFV uniplex PCR

ASFV uniplex hot start PCR was per-
formed as previously described [1]. Briefly,
amplification was carried out in a volume
of 25 uL containing: 2 UL of DNA sample,
1x PCR Buffer I1 (50 mM KCl, 10 mM Tris-
CIH),2 mM MgCl,, 0.2 mM dNTPs (Roche
Diagnostics GmbH, Mannheim, Germany),
0.2 UM of both primers and 0.625 U of Taq
Gold polymerase (Applied Biosystems, Fos-
ter City, USA). Reaction was incubated
10 min at 95 °C, followed by 40 cycles at
95°C155,62°C30s,72°C30s, and then
7 min at 72 °C.

2.6.2. CSFV uniplex and ASFV/CSFV
multiplex RT-PCR

One step RT-PCR kit (Qiagen GmbH,
Hilden, Germany) was used in the CSFV
uniplex and ASFV/CSFV multiplex hot start
RT-PCR. The reactions were done in a vol-
ume of 25 pL containing: 2 uL. of DNA/
RNA sample, 1x Buffer [Tris-Cl, KClI,
(NH4)2804], 2.5 mM MgClz, 1x Q solu-
tion, 0.2 mM dNTPs, 0.3 uM each of the
primers PPC-3/4, 0.6 uM each of the prim-
ers PPA-1/2 (only in the multiplex RT-
PCR) 5 U RNase Inhibitor (Applied Bio-
systems, Foster City, USA), 1 uL. Enzyme
Mix (Omniscript and Sensiscript Reverse
Transcriptases, HotStartTaqg DNA polymer-
ase). Reverse transcription-amplification was
accomplished in a one-step with the follow-
ing incubation program: 30 min at 55 °C,

15 min at 95 °C, 40 cycles at 94 °C 30 s,
64 °C 305, 72 °C 30 s, and finally 7 min at
72 °C.

Amplification products were analysed
by electrophoresis on a 2% (ASFV uniplex
PCR) or 3% (CSFV uniplex RT-PCR and
multiplex RT-PCR) agarose gel containing
0.5 pg/mL of ethidium bromide.

2.7. Restriction enzyme analysis

Analysis with BsmA I or Ban II restric-
tion endonuclease of the respective ASFV
or CSFV amplicon was performed in a
20 uL volume reaction, using 10 pL of the
amplification products and 5 U or 10 U of
enzyme, respectively. Reactions were incu-
bated for at least 1 h 30 min at 55 °C
(BsmA I) or at 37 °C (Ban II). Restriction
fragments were analysed by electrophore-
sis on a 3% agarose gel.

3. RESULTS

Five CSFV specific oligonucleotides com-
bined in three PCR primer sets, were pri-
marily designed for their assessment in a
preliminary study of the multiplex RT-PCR
test together with PPA-1/PPA-2 ASFV spe-
cific primers. From all the candidates, primer
pairs demonstrating the best sensitivity and
specificity results were finally selected for
further optimisation and standardisation of
the multiplex ASFV/CSFV RT-PCR. In par-
allel, different methods for simultaneous
DNA and RNA isolation were under evalu-
ation looking for the best single DNA and
RNA extraction protocol accompanying
the multiplex RT-PCR assay. The extrac-
tion method based on nucleic acid binding
to glass fiber pre-packed in filter tubes,
using High pure PCR template preparation
kit, was finally selected. Different ampli-
fication assays were also performed to
select the type of polymerase enzyme and
optimise the reaction conditions in the uni-
plex and multiplex assays. CSF uniplex
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Figure 1. Multiplex RT-PCR sensitivity assay
for ASFV detection. DNAs extracted from serial
dilutions, in serum, of ASFV Spain70 strain
viral suspension with a titre of 1.6 x 100
HADUj;y/mL were employed under reaction
conditions described in Methods. C+: Multiplex
RT-PCR positive control (CSFV RNA and
ASFV DNA); M: molecular weight marker V
(Roche Diagnostics GmbH, Mannheim, Ger-
many).

RT-PCR and ASFV/CSFV multiplex RT-
PCR were finally optimised using the One
step RT-PCR kit.

3.1. Sensitivity assays

PCR experiments were performed on
serial ten-fold dilutions in serum of a viral
suspension of ASFV Spain 70 or CSFV
Spain 1/2001 with a titre of 1.6 x 10°
HADU 5y/mL and 1090 TCIDs/mL, respec-
tively, in order to determine the uniplex
and multiplex RT-PCR’s lowest detection
limit. Purified viral genomes were obtained
using High pure PCR template preparation
kit. The sensitivity was consistently observed
to be 1.2 HADUs, for ASFV in the multi-
plex RT-PCR assay (Fig. 1) and 0.32 TCIDx,,
for CSFV by either CSFV uniplex and mul-
tiplex RT-PCR (Fig. 2).

3.2. ASFV and CSFYV simultaneous
detection by multiplex RT-PCR

Several ASFV and CSFV virus sample
mixtures, containing known amounts of
both viruses spiked onto pig serum, were
analysed in order to evaluate the efficiency
of the extraction method and the novel uni-
plex or multiplex RT-PCRs in samples con-
taining both viruses. Specific amplified
products were found in each sample accord-
ing to their viral content (Fig. 3). The lowest
detection limit of the multiplex RT-PCR
assays for CSFV, was the same when only
CSFV or both viruses were present in the
sample, even though if an imbalance pro-
portion of the two viruses was in it. In the
case of ASFV, lowest detection limit in
spiked samples containing very big amounts
of CSFV was one log higher than that
obtained when ASFV was the only virus in
the sample.

3.3. Specificity of uniplex and multiplex
RT-PCR assays

The specificity of the multiplex RT-PCR
and the CSFV uniplex RT-PCR reactions
was assessed by analysis of viral genomes
from 22 ASFV isolates from European,
African and American origins and 17 CSFV
strains, representing all the subgroups. All
the ASFV strains tested gave a specific pos-
itive amplification product of 257 bp, in the
multiplex RT-PCR assay and showed the
expected pattern after Bsm Al restriction
endonuclease analysis (data not shown). The

257 bp

408 bp

Figure 2. Uniplex (left) and multiplex (right) RT-PCR sensitivity assay for CSFV detection. RNAs
extracted from serial dilutions, in serum, of a CSFV Spain 1/2001 strain viral suspension with a titre
of 1096 TCIDsy/mL were employed under reaction conditions described in Methods. C+: Multiplex
RT-PCR positive control (CSFV RNA and ASFV DNA); M: molecular weight marker V.
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Figure 3. Simultaneous and differential detection of ASFV and CSFV by multiplex RT-PCR in
spiked samples containing both viruses in variable proportions. Serum samples containing different
dilutions of an ASFV Spain70 strain viral suspension with a titre of 1.6 x 105 HADU5y/mL and of
a CSFV Spain 1/2001 strain viral suspension with a titre of 105-6 TCID5,/mL, were analyzed by mul-
tiplex RT-PCR. 1: 10-! ASFV dilution + 10! CSFV dilution; 2: 10-I"ASFV dilution + 10-2 CSFV
dilution; 3: 10~! ASFV dilution + 10~3 CSFV dilution; 4: 10! ASFV dilution + 104 CSFV dilution;
5: 1072 ASFV dilution + 10~! CSFV dilution; 6: 102 ASFV dilution + 10-2 CSFV dilution; 7: 102
ASFV dilution + 10-3 CSFV dilution; 8: 102 ASFV dilution + 10~* CSFV dilution; 9: 10-3 ASFV
dilution + 10~! CSFV dilution; 10: 10-3 ASFV dilution + 10-2 CSFV dilution; 11: 10-3 ASFV dilution
+ 103 CSFV dilution; 12: 103 ASFV dilution + 10~4 CSFV dilution; 13: 104 ASFV dilution + 10!
CSFV dilution; 14: 10~* ASFV dilution + 10~2 CSFV dilution; 15: 10~* ASFV dilution + 10-3 CSFV
dilution; 16: 104 ASFV dilution + 104 CSFV dilution; M: molecular weight marker V. Reaction
conditions are described in Methods.

Figure 4. Ban II restriction endonuclease analysis of amplification products of different CSFV
strains. 1 and 1’: Kanagawa 74 (outgrouped); 2 and 2’: Alfort 187 (subgroup 1.1); 3 and 3’: Brescia
(subgroup 1.2); 4 and 4’: Spain 97 (subgroup 2.1); 5 and 5’: Parma 98 (subgroup 2.2); 6 and 6’:
VI3837/38 Germany 99 (subgroup 2.3); 7 and 7’: Congenital Tremor (outgrouped). Lanes 1, 2, 3,
4,5, 6, and 7 are amplification products. Lanes 1°,2°,3’,4°,5’,6’, and 7" are amplification products
after digestion with Ban II. M: molecular weight marker VIII (Roche Diagnostics GmbH, Mannheim,
Germany).

17 CSFV strains analyzed produced an ampli-
con of 108 bp in both the CSFV uniplex and
the multiplex RT-PCR assays. Specificity
of the CSFV amplicons was furthermore
confirmed by Ban II restriction endonucle-
ase analysis which generated the two expected
fragments of 70 and 38 bp in length. Some
representative results are shown in Figure 4.
Different representative pestiviruses, five
BVDYV isolates belonging to types I or II,
and four BDV isolates, were also evaluated
giving no amplification product in all the
cases (Fig. 5). Moreover, the viral genomes
of other porcine viruses as following: FMDV
(the seven serotypes), SVDV, VSV (Indi-

anaand New Jersey strains), PRRSV (Euro-
pean and American strains), and ADV, were
assayed, giving not amplification signal.
Finally, nucleic acids from tissue homoge-
nates, EDTA-blood, and serum samples
derived from a healthy pig, and several non-
infected cell lines were also tested showing
no positive products in any of the uniplex
or multiplex PCR assays (data not shown).

3.4. ASFV and CSFYV detection
by uniplex or multiplex PCR assays
in experimental and field samples

A viraemia study in blood and/or serum
samples was also performed by analysis of
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Figure 5. Specificity of individual RT-PCR for
CSFV (left) and multiplex ASFV/CSFV RT-PCR
(right). 1: BVDV type I strain NADL; 2: BVDV
type II strain 61/138 Low Saxony, Germany;
3: BDV strain X818;4: CSFV strain Spain 1/2001;
5: Multiplex RT-PCR positive control (CSFV
RNA and ASFV DNA); M: molecular weight
marker V. Purified RNA of the corresponding
virus was employed in the individual or multiplex
reaction in the conditions described in Methods.

Odpi  1dpi 2 dpi 3dpi 4 dpi
B S B S B S B S B S M

257 bp-

Figure 6. ASFV detection by multiplex RT-
PCR in EDTA-blood (B) or serum (S) from
experimentally infected animals. Samples were
obtained at different PI days from pigs inocu-
lated with ASFV Spain 75 strain, as described
in Methods. M: molecular weight marker V.

serum and EDTA-blood samples obtained
from ASFV or CSFV experimentally infected
pigs to determine the time of virus appear-
ance in blood and/or serum. Samples from
ASFV-Spain 75 infected pigs at PI days 0,
1, 2, 3, 4 and 7 and CSFV-Spain 2/2001
infected pigs at0, 1,2, 3, 4,7 and 14 Pl days
were analysed by multiplex RT-PCR and
also by the specific uniplex RT-PCR in the
case of CSFV samples.

The analysis of EDTA-blood and serum
samples from ASFV infected pigs showed
positive amplification from PIday 3 in EDTA-
blood samples and from PI day 4 when
serum samples were tested (Fig. 6). Similarly,
serum samples recovered from CSFV exper-
imentally infected pigs showed the presence
of the virus from PI day 3 both in CSFV uni-
plex (data not shown) and multiplex RT-
PCR assays (Fig. 7). Significantly first clin-

[] 1 2 3 4 7 14
dpi dpi dpi dpi dpi

dpi dpi

Figure 7. CSFV detection by multiplex RT-
PCR in serum from experimentally infected ani-
mals. Samples were obtained at different dpi
from pigs inoculated with CSFV Spain 2/2001
strain, as described in Methods. C: Multiplex
RT-PCR positive control (ASFV DNA and
CSFV RNA); M: molecular weight marker V.

ical signs (hyperthermia) in the ASFV and
CSFV experimentally infected pigs did not
appear until PI days 4 and 5, respectively.

To determine the validity of the methods
in any clinical sample, tissue samples from
experimentally infected pigs with ASFV or
CSFV were assayed in uniplex and multi-
plex RT-PCR. Each one of the tissue sam-
ples yielded the corresponding specific ASFV
or CSFV amplified product when analysed
by both the specific uniplex (data not shown)
and multiplex reactions (Fig. 8).

The multiplex RT-PCR analysis of kid-
ney tissue samples from an ASFV infected
pig, poorly preserved during 0, 14 or 28 days
storage atroom temperature showed a strong
positive amplification signal even after
28 days storage at bad conditions (data not
shown).

Finally, PCR studies by uniplex and mul-
tiplex assays were performed on a collec-
tion of 70 ASFV and 80 CSFV field sam-
ples. Presence of virus was detected in all
clinical samples by either the respective
uniplex PCR or RT-PCR test and by the
multiplex RT-PCR (data not shown).

4. DISCUSSION

The extensive national and international
commercial trade of live animals and prod-
ucts keeps free countries at the constant risk
of introduction of exotic diseases. ASF and
CSF are two important List A diseases of
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Figure 8. ASFV (right) or CSFV (left) detection by multiplex RT-PCR in different tissue samples
from ASFV or CSFV infected pigs. 1-3: Tissue samples from a CSFV Spain 2/2001 strain inoculated
pig (1: spleen, 2: tonsil, 3: kidney); 4-7: Tissue samples from a CSFV Paderborn strain infected pig
(4: spleen, 5: tonsils, 6: kidney, 7: lymph nodes); 8-14: Tissue samples from an ASFV Lisbon 60
strain inoculated pig (8: EDTA-blood, 9: kidney, 10: liver, 11: lung, 12: lymph nodes, 13: spleen,
14: tonsils); C: Multiplex RT-PCR positive control (ASFV DNA and CSFV RNA); MV: molecular

weight marker V.

swine that can be easily confused because
of their similar clinical presentation, mak-
ing mandatory the differential laboratory
diagnosis of both viruses in the case of any
haemorrhagic fever suspicions. Diagnostic
laboratories must have rapid and accurate
procedures for use in the surveillance cam-
paigns carried out in free countries. Such
methods are also needed in the control and
eradication programmes in affected coun-
tries, because the rapid detection of infected
animals would reduce the potential trans-
mission of the viruses to uninfected herds
and would avoid the spread of the disease.

In the last decade, various PCR assays
have been developed for the detection of
ASFV [1, 18, 35, 37] and of CSFV [16, 17,
19, 23, 30, 38]. These assays provide novel
diagnostic tools, but a disadvantage is the
restricted ability to detect only a single
virus, ASFV or CSFV. Since ASFV and
CSFV cause very similar clinical symp-
toms, it would be very practical if a single
assay could detect and differentiate the two
viruses. Such complex method, termed mul-
tiplex PCR, is a very useful tool in a diag-
nostic laboratory.

In this work, anovel highly sensitive and
specific multiplex RT-PCR assay is described
and applied for the simultaneous and differ-
ential detection of ASFV and CSFV. More-
over, a novel highly sensitive and specific
uniplex RT-PCR assay for CSFV detection
in clinical samples was also standardised

and is ready now to use in diagnostic labo-
ratories.

In general, the development of a multi-
plex PCR assay is not an easy task. The
most common problem is that quite a
number of primers have to be used in the
same reaction tube or well and these mole-
cules may interact with each other, which
may block the reaction [7, 9, 10, 14, 22]. A
further problem may be the reliable identi-
fication of the various PCR products. To
overcome these problems, a very careful
primer selection and sequence analysis was
performed here, which yielded clear reac-
tions. Specific primer pairs were selected so
that amplified DNA fragments could be
separated distinctly by size when running
agarose-gel electrophoresis. An additional
requirement for the CSFV primer-design
was that these sequences had to be selected
fromahighly conserved region inthe CSFV
genome, in order to provide a general ampli-
fication of all possible variants of CSFV. At
the same time, the amplification of other
pestiviruses (BVDV and BDV) had to be
avoided. This requirement was confirmed by
testing a panel of BVDV type I and II iso-
lates, as well as a collection of BDV iso-
lates, including those that had demonstrated
major cross-reactivity with CSFV.

One of the main keys to set up the single-
step multiplex RT-PCR protocol was the
use of an enzyme mix containing hot start
DNA polymerase. Since template could be



Detection of ASFV/CSFV by multiplex RT-PCR 561

DNA (ASFV) or RNA (CSFV) genomes,
and a first step of reverse transcription had
to be performed at low temperature, the use
of a hot start Tag DNA polymerase was
essential to avoid non-specific amplifica-
tions caused by primer annealing at low
temperature. On the other hand, the appli-
cation of a single tube, single-step proce-
dure makes the present method of ASFV
and CSFV simultaneous detection less time
consuming and with a decreased risk of
cross contamination.

In order to set up a rapid and simple
method for the detection of ASF and CSF
viral genomes, a simultaneous DNA and RNA
purification method from EDTA-blood,
serum and tissue samples was also stand-
ardised. The purification is very rapid, it
requires less than one hour for being accom-
plished. The use of this method (High pure
PCR template preparation kit) in addition to
the multiplex RT-PCR assay, allows a rapid
approach for the differential detection of
the ASFV DNA or CSFV RNA in any clin-
ical sample in a single assay. By running
this new assay, the laboratories will obtain
a complex diagnosis of ASF and CSF within
five hours.

The sensitivity of the multiplex test in
comparison to the corresponding uniplex
PCR for the detection of each of the two tar-
gets, was identical in case of CSFV (0.32
TCIDs5() and only one 10 fold decreased in
ASFV (0.12 HADUsy in the uniplex assay
and 1.2 HADUs in the multiplex assay).
The test also allowed the specific detection
of the two viruses simultaneously mixed in
spiked samples, resembling a hypothetical
co-infection.

Both, uniplex and multiplex tests showed
to be highly sensitive for an early detection
of ASFV and/or CSFV in clinical samples
from infected animals, even though a one
day delay in ASF virus detection was observed
when using multiplex RT-PCR instead of
the specific uniplex PCR assay [1]. ASF and
CSF virus detection in EDTA-blood and/or
serum was possible from third day post-
inoculation, even before the first clinical

symptoms appearance. It is particularly impor-
tant in the case of CSF outbreaks because
here the specific antibody response does not
appear before 14-24 days after infection. In
such case the direct virus-detection tech-
niques play the major role for an early and
feasible detection of infected animals. In
addition, the positive results obtained after
multiplex test analysis of bad preserved
ASFYV tissue samples broaden the range of
sample application.

The specificity studies by analysis of 22
different ASFV isolates from different geo-
graphical origins, and 17 CSFV isolates
representing all the subgroups, clearly dem-
onstrated the uniplex and multiplex meth-
ods could be of universal application. The
ability to additional checking of the specif-
icity of the amplicons by simple restriction
endonuclease digestion, instead of sequenc-
ing, also broadens the range of laboratories
in which this diagnostic technique can be
used with confidence.

In summary, the results of the study
showed the use of the hot start one step mul-
tiplex RT-PCR and the corresponding uni-
plex PCRs, in addition to the previous
DNA/RNA common extraction method, as
a simple, economical and reliable tool for
rapid, sensitive and specific differential diag-
nosis of ASFV or CSFV in clinical samples,
evenin cases of ahypothetical co-infection.

In the present work the analysis of the
amplified targets was carried out by size
analysis of DNA fragments on agarose gels.
However, detection of a signal specific for
a target DNA could be also possible by using
fluorescent-labelled hybridisation probes
in the near future. In summary, the ASFV/
CSFV multiplex RT-PCR assay proved to
be rapid, sensitive and practical. The new
method will provide a powerful tool to com-
bat the two major List A viruses of swine.
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