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Bluetongue virus (BTV) is a major pathogen of ruminants. Especially serotypes 1, 6, and 8 are of concern
to veterinary authorities in central Europe. This article describes highly sensitive real-time reverse transcrip-
tion-PCR assays directed to BTV genome segment 2 for specific detection of BTV-1, -6, or -8 in animal samples.

Bluetongue virus (BTV), an arthropod-borne Orbivirus in
the family Reoviridae, is a major pathogen of ruminants, and
there are 24 established serotypes (18). Until the end of the
20th century, bluetongue disease (BT) had been considered
exotic in Europe. Since 1998, strains of at least five serotypes
(BTV-1, -2, -4, -9, and -16) have been present along the Med-
iterranean coast (5, 14). In 2006, BTV-8 was first detected in
The Netherlands without any previous notion of its presence in
Europe (3). Clinical disease in sheep was severe and, unusually
for BTV, it was also seen in a wide range of nonovine species,
including cattle, exacerbating the economic impact (5, 13). By
the end of 2008, BTV-8 was present in all of central Europe
and beyond, and vaccination campaigns are ongoing (4, 6, 17).
At the same time, BTV-1 of Algerian origin has expanded
northward across the Iberian Peninsula and France (5), and in
October 2008, BTV-6 was found in cattle in The Netherlands
and later also in Germany (8, 9). Finally, in 2009, BTV-11 was
reported in Flanders (10). European Union monitoring re-
quirements and the need for fast, reliable, and sensitive detec-
tion of BTV RNA in animal samples led to the development of
several real-time quantitative reverse transcription-PCR (RT-
qPCR) assays (7). This article describes new assays that spe-
cifically detect BTV-1, -6, or -8 to be used for further charac-
terization of a BTV-positive sample.

For maximum specificity, our assays are directed to BTV
genome segment 2, which encodes the highly variable outer
shell protein VP2 (18). VP2 sequences are available for at least
one isolate of every established serotype (11; NCBI GenBank).
Several independent VP2 sequences have been published for
BTV-1 and -8 (12). Among these, we gave priority to se-
quences of European isolates. The sequence of segment 2 of
NET2006/04, the European reference isolate of BTV-8, was
found to have higher similarity to a 1982 isolate from Nigeria
than to the South African BTV-8 reference strain (12). On the
other hand, the segment 2 sequences of North African and

French isolates of BTV-1 are close to that of reference strain
RSArrrr/01, all belonging to the “western group” (16). For
BTV-6, VP2 of the recently emerged strain is more than 99%
identical to that of South African BTV-6 reference strain
RSArrrr/06 (15), the only published sequence. Accordingly,
primers and hydrolysis probes (Table 1) were selected by using
Beacon Designer (PremierBiosoft International) and Primer3
design software (http://frodo.wi.mit.edu/). The probes were la-
beled with 6-carboxyfluorescein (FAM) at the 5� end, and
black hole quencher 1 carboxylic acid was attached to the 3�
end. Oligonucleotides were synthesized by a commercial sup-
plier (Eurogentec Deutschland GmbH).

Before a one-step RT-PCR could be performed, double-
stranded RNA extracted from samples needed to be dena-
tured. Briefly, template RNA was dispensed onto PCR plates;
these were sealed, heated for 5 min at 95°C, snap-frozen in
liquid nitrogen, and placed in a cooling rack at �20°C. The
RT-PCR master mix was added to the plate, and the plate was
resealed and centrifuged briefly before placement in the ther-
mal cycler.

Two commercially available kits were used for amplification,
the iScript One-Step RT-PCR kit for probes (Bio-Rad Labo-
ratories) and QuantiTect Probe RT-PCR kit (Qiagen, Ger-
many). For the iScript kit, the RT-PCR master mix consists of
5 �l of nuclease-free water, 12.5 �l of a twofold reaction mix,
0.5 �l of reverse transcriptase, and 2 �l of a custom primer-
probe mix per reaction. Primer-probe mixes contain forward
and reverse primers at a concentration of 10 pmol/�l and
labeled probe at 1.25 pmol/�l in 0.1-fold Tris-EDTA buffer.
Twenty microliters of the chilled master mix is added to 5 �l of
snap-frozen denatured template RNA for the one-step RT-
PCR. Validation data presented herein were collected with the
iScript kit (Fig. 1). The QuantiTect kit produced very similar
results (data not shown). A reference sample containing BTV
RNA of the appropriate serotype was serially diluted 10-fold in
RNA-safe buffer containing 50 ng/�l poly(A) carrier RNA,
0.05% Tween 20, and 0.05% sodium azide in nuclease-free
water. The one-step RT-PCR was carried out for 10 min at
50°C and 5 min at 95°C, followed by 42 cycles of 15 s at 95°C,
20 s at 56°C, and 30 s at 72°C in an Mx3005P QPCR system
(Stratagene).

There was no cross-reactivity with BTV field isolates or
reference strains (obtained from the European Community
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Reference Laboratory for BT) of the heterologous serotypes
for all three serotype-specific RT-qPCR assays, demonstrating
an analytical specificity (2) of 100%. No cross-reaction was
observed with isolates of epizootic hemorrhagic disease virus
of different serotypes (data not shown). For clinical samples
submitted to the German National Reference Laboratory
(NRL) for BT and for samples from in-house animal experi-

ments, the assays proved to be as sensitive as the highly sen-
sitive pan-BTV assay currently used in our laboratory (1, 19;
see Table S1 in the supplemental material). For selected sam-
ples, serotype identification was confirmed by sequencing of
the amplicons (data not shown). The equivalent analytical sen-
sitivity of the RT-qPCR assays used leads to highly similar
results. In routine diagnostics at the NRL, the serotype-specific

TABLE 1. Primers and probes used in this study

Oligonucleotide (product size
�bp�) and type Name Sequence

BTV1-VP2-Mix1-FAM (123)
Forward primer BTV1-VP2-186F 5� CGG ACC GCA TTA TGG TAT AAC C 3�
Reverse primer BTV1-VP2-308R 5� ACT CTT GTG TCT CGT ACT TTC AAC 3�
Probe BTV1-VP2-203FAM 5� ACC GCC CGT CTT TCA TCG TAA CCC 3�

BTV1-VP2-Mix2-FAM (120)
Forward primer BTV1-VP2-2407F 5� CCT CAA AGG CGA TTC GAT TTA GC 3�
Reverse primer BTV1-VP2-2526R 5� TCA CGA CGT TGT AGT TGA CTC C 3�
Probe BTV1-VP2-2438FAM 5� TGA AGC GCA GCC CAA GAT TGC ACG 3�

BTV6-VP2-Mix1-FAM (97)
Forward primer BTV6-VP2-785F 5� GAT ACG TGA TGC GTG GAT TG 3�
Reverse primer BTV6-VP2-881R 5� TAC CAC CTT CCT TCC GAC AC 3�
Probe BTV6-VP2-817FAM 5� ATC CGA GGC ATA TTC GCT CGC TGG 3�

BTV6-VP2-Mix2-FAM (89)
Forward primer BTV6-VP2-1056F 5� TAT AAT GGC AGA ATA TGG TGG AC 3�
Reverse primer BTV6-VP2-1144R 5� CAG TAA ACA TCG CCC AAC CT 3�
Probe BTV6-VP2-1081FAM 5� ATC CGT ACC CTT GCT TGC GTG GAG 3�

BTV8-VP2-Mix1-FAM (86)
Forward primer BTV8-VP2-1604F 5� GTT ACG CAT TAC CGA GGT TGT G 3�
Reverse primer BTV8-VP2-1689R 5� GAT CAT GTG TGA ACG CCT TCG 3�
Probe BTV8-VP2-1631FAM 5� AAC GGC TCA CAC CGA CGA TCC AGC 3�

FIG. 1. Real-time RT-PCR results for serial dilutions of RNAs of BTV-1, -6, and -8 with the appropriate primer-probe mixtures. For BTV-1
and BTV-6, the alternative mixtures produced similar results (BTV1-VP2-Mix2-FAM, y � �3.4471x � 17.383 [R2 � 0.9983]; BTV6-VP2-Mix2-
FAM, y � �3.2771x � 8.5275 [R2 � 0.999]; data not shown).
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assays generally had a clinical sensitivity (2) of 100% for sam-
ples that had a threshold cycle value of less than 36 in the
pan-BTV assay (data not shown). Very low viral genome loads
can lead to inconsistencies between assays or between repli-
cates of the same assay, owing to the random distribution of
individual molecules of viral RNA among aliquots of total
RNA extracted from a sample.

The serotype 8-specific assay does not detect South African
BTV-8 reference strain RSArrrr/08. This is intentional and a
consequence of the tailoring of the assay to the European
isolates. The sudden appearance of a genetically different
strain of BTV-8 would signify a new introduction event. De-
tecting this in routine diagnostics requires an assay with strict
specificity for the local strain. At the same time, this also allows
the detection of emerging nucleotide variations (antigen drift)
in the local strain. In any case, the initial evaluation of a sample
should be done with at least one robust group-specific pan-
BTV assay, and if the serotype cannot be readily identified with
the described assays, the sample must be further analyzed by
an alternative method.

In conclusion, all of the RT-qPCR assays presented here
reliably detect BTV with high sensitivity and serotype specific-
ity. Each assay specifically detects one serotype with no cross-
reactivity. With two independent assays each for serotypes 1
and 6, it is possible to cross-confirm positive results. All assays
are used successfully for routine diagnostics at the German
NRL for BT. From January 2008 to March 2009, more than
10,000 submitted samples were tested for the presence of the
BTV genome. Of these, 1,303 were screened for BTV-8 (880
positives), 937 were also screened for BTV-6 (88 positives),
and 142 were also screened for BTV-1 (4 positives). To our
knowledge, no false positives have ever been identified, and all
of the assays tested had a diagnostic specificity of 100%. The
serotype-specific assays had already been made available to
regional veterinary laboratories in Germany, and both the
BTV-6- and BTV-8-specific assays have since been evaluated
successfully in ring trials.

Studies assessing the feasibility of multiplex assays directly
differentiating between BTV serotypes are under way.
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Hoffmann, P. S. Mellor, and P. P. C. Mertens. 2008. Sequence analysis of
bluetongue virus serotype 8 from the Netherlands 2006 and comparison to
other European strains. Virology 377:308–318.

13. Maclachlan, N. J., C. P. Drew, K. E. Darpel, and G. Worwa. 2009. The
pathology and pathogenesis of bluetongue. J. Comp. Pathol. 141:1–16.

14. Mellor, P. S., S. Carpenter, L. Harrup, M. Baylis, and P. P. C. Mertens.
2008. Bluetongue in Europe and the Mediterranean Basin: history of occur-
rence prior to 2006. Prev. Vet. Med. 87:4–20.

15. Mertens, P. P. C., and H. Attoui (ed.). 7 November 2008, revision date.
Isolates of bluetongue virus type 6 (BTV-6) in the dsRNA virus collection at
IAH Pirbright. http://www.reoviridae.org/dsRNA_virus_proteins/ReoID
/BTV-6.htm#NET2008/04.

16. Mertens, P. P. C., H. Attoui, and D. H. Bamford (ed.). 23 November 2006,
revision date. The RNAs and proteins of dsRNA viruses. http://www
.reoviridae.org/dsrna%5virus%5proteins//BTV1-segment2-tree.htm.

17. Saegerman, C., D. Berkvens, and P. S. Mellor. 2008. Bluetongue epidemi-
ology in the European Union. Emerg. Infect. Dis. 14:539–544.

18. Schwartz-Cornil, I., P. P. C. Mertens, V. Contreras, B. Hemati, F. Pascale,
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