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Orbiviruses infect a wide range of hosts, including humans. The ability to detect them has been hampered
by their diversity. Here we present a simple consensus reverse transcription (RT)-PCR method targeting the
polymerase gene for orbivirus recognition and characterization. Phylogenetic assignment is achieved by
automated Web-based sequence analysis of amplification products.

In current taxonomy, the genus Orbivirus, family Reoviridae,
comprises 21 species; 11 additional “tentative species” are recog-
nized by the International Committee on Taxonomy of Viruses
(ICTV) (8, 9). Species have high sequence similarity and potential
for segmental reassortment. Interspecies diversity, however, has
confounded the development of diagnostic PCR assays.

Orbivirus VP1 consensus PCR primers were designed
using SCPrimer software (http://scprimer.cpmc.columbia.edu
/SCPrimerApp.cgi) (5) using the 42 sequences available in that
region in public databases (see Table S1 in the supplemental
material). The program uses a greedy algorithm to identify the
most conserved sequences and to create the minimum primer
set needed for amplification of all sequences in the alignment.
Four forward primers (OrbiVP1-F2494-1, TCTGAGATGTA
YGTYGGAGATGATA; OrbiVP1-F2494-2, TCTGAGATGT
AYGTYGGTGATGACA; OrbiVP1-F2494-3, TCGGAACA
RTAYGTVGGNGAYGATA; OrbiVP1-F2494-4, TCNGAR
CARTAYGTKGGNGAYGACA) and one reverse primer
(OrbiVP1-R2682, CCYTGYTTNGCRTGNGTYTGYGTYT
TYTC) were used. The assay was standardized using synthetic
DNA standards containing Middle Point Orbivirus (MPOV)
and Stretch Lagoon orbivirus (SLOV) VP1 gene sequences
cloned into the pGEM-T Easy vector system (Promega, Fer-
mantas, Lithuania). Total RNA was purified from 100 �l of
sample. cDNA was generated using random hexamers. PCR
parameters (MgCl2, annealing temperature, primer concentra-
tion, and enzymatic system) were optimized individually. A 2.5
mM concentration of MgCl2, temperature of 53.5°C, a 5 �M
concentration of each primer, and Qiagen HotStarTaq DNA

polymerase (Qiagen) were found to be optimal. Templates for
dideoxy sequencing were obtained by excising the band of
interest after size fractionation of products using 1% agarose
gel electrophoresis. Where dual infections were detected, the
band of interest was cloned before sequencing. The sensitivity
of the assay was 50 to 500 RNA copies per assay.

Assay performance was validated with a large number of
orbiviruses, including several previously uncharacterized vi-
ruses and clinical samples. First, 58 reference strains, including
prototype Changuinola, Orungo, Eubenangee, Wongorr,
Great Island, Corriparta, and Umatilla viruses, were used to
test sensitivity and specificity (see Table S2 in the supplemental
material). This set represents 13 of the 21 recognized orbivirus
species. We also tested three viruses that were not classified by
serology and are considered tentative members of the Orbivirus
genus based on morphology (Matucare [MATV], Itupiranga
[ITUV], and Tracambe [TRCV] viruses) (6, 13). In all cases,
strong bands of the expected size were obtained (data not
shown) and confirmed by sequence analysis.

To test sensitivity in clinical specimens, white-tailed deer
(Odocoileus virginianus) were experimentally infected by
subcutaneous inoculation with a bluetongue virus 8 (BTV8)
strain originally isolated from an infected cow in the Neth-
erlands. Whole blood was collected on days 3, 6, 7, 8, 9, 10,
12, 15, 17, 22, 24, and 28 postinfection. A total of 26 whole-
blood samples were tested. In deer 1, BTV8 was detected
from day 6 to 24 postinfection; in deer 2, BTV8 was detected
from day 6 to 15 postinfection.

A third set of samples comprising two collections of ar-
boviruses that had not been characterized other than to
genus was tested: (i) 145 not identified by conventional
serological testing (109 viruses from insects, 35 from cattle,
and 1 from a deer); (ii) 5 unidentified orbiviruses obtained
from the World Reference Center for Emerging Viruses and
Arboviruses, of which four had been previously identified as
ungrouped orbiviruses by electron microscopy (CSIRO51,

* Corresponding author. Mailing address: Center for Infection and
Immunity, Mailman School of Public Health, Columbia University, 722
West 168th Street, Room 1709, New York, NY 10032. Phone: (212)
342-9034. Fax: (212) 342-9044. E-mail: gp2050@columbia.edu.

† Supplemental material for this article may be found at http://jcm
.asm.org/.

� Published ahead of print on 30 March 2011.

2314



CSIRO1740, CSIRO1747, and JML05088). Of these 150
viruses, 21 yielded products in VP1 consensus PCR (cPCR),
including all four of the ungrouped orbiviruses. Two of the
isolates contained sequences from two different orbiviruses;
hence, a total of 23 orbiviruses were identified (see Table S2
in the supplemental material).

Phylogenetic analysis (MEGA package, version 4) (7) was
performed using a set of 123 orbivirus sequences (132 nu-
cleotides [nt] in length) comprising 58 newly sequenced
strains (52 from well-characterized prototype strains), 42
sequences from GenBank (through July 2010), and 23 pre-
viously uncharacterized strains. Phylogenetic trees were
generated from the nucleotide sequence alignment (Fig. 1).
Pairwise comparisons of the orbivirus database were done
by global alignment using the Needleman-Wunsch algo-
rithm (10), implemented by the EMBOSS program (http:
//www.cii.columbia.edu) (12).

Our analysis included representatives of 13 of 21 accepted
orbivirus species. Clustering at both the nucleotide and amino
acid level was consistent with existing orbivirus taxonomy. Only
limited phylogenetic insights are feasible given the short length
of the sequences available for analysis. Nonetheless, some in-
teresting facts should be highlighted. (i) The BTV sequences
formed two distinct clusters. One of these included all of the
Australian isolates plus a Taiwanese isolate (GenBank acces-
sion no. AY493686), while the other cluster consisted of the
remaining international isolates, supporting the concept that
BTVs fall into distinct geographical topotypes (2). (ii) Elsey
virus was 100% identical to Peruvian horse sickness virus
(PHSV) at the nucleotide level (1). (iii) Although Mitchell
river virus (MRV) is considered a strain of Warrego virus
(WARV), it clustered poorly with that virus, suggesting that it
may be more divergent than previously assumed. (4) TRCV,
ITUV, and MATV viruses are classified as tentative members
of the Orbivirus genus; while TRCV was clearly identified in
our approach as a member of the Changuinola virus group,
neither ITUV nor MATV appears to belong to any previously
described orbivirus group. (v) The isolates CSIRO1747 and
SLOV both clustered with Umatilla virus. Complete genome
characterization of ITUV and MATV isolates is under way to
assess their taxonomic classifications.

A pairwise sequence comparison was done within orbivi-
rus sequences to assess the potential for establishing a sim-
ple program for classification of orbiviruses similar to pro-
grams previously devised for mumps virus (11) and dengue
virus 1 genotyping (4) or filovirus and adenovirus identifi-
cation (3, 14). This analysis allowed virus identification in all
instances (Fig. 2).

FIG. 1. Phylogenetic tree of the genus Orbivirus generated from a
partial region of the VP1 (nucleotide level). Phylogenetic analysis was
performed using the Kimura model of nucleotide substitution, with
trees reconstructed through the neighbor-joining (NJ) method using
the MEGA package (version 4). The statistical significance of the tree
topology was evaluated by bootstrap resampling of the sequences 1,000
times. Red dots, unknown viruses characterized in this study; blue dots,
reference strains used to validate the assay; green dots, sequences
recovered from GenBank; yellow dot, “tentative” virus species accord-
ing to the ICTV.
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FIG. 2. Use of pairwise analysis for identification of three “unknown” orbiviruses. Samples are JKT-10757 from the BTV group, DPP-6031 from
the Palyam virus group, and DPP6628 from the epizootic hemorrhagic disease virus (EHDV) group. A pairwise Needleman-Wunsch score for the
test sequence against all other members of the database was determined. The validity of the method was confirmed by analysis of variance
(ANOVA), with a comparison of the scores of sequences within species to interspecies scores. The average score (with the corresponding standard
deviation, maximum, and minimum values) against the members of each genotype is plotted.
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The method described here is capable of identifying an un-
known isolate to the level of the genus Orbivirus. When the
method is combined with sequencing, it can also be used to
identify the species or to indicate whether the isolate is likely
to be a new species requiring further characterization. Appli-
cations include virus discovery and the screening of existing
collections of arboviruses that have resisted identification by
other methods and clinical diagnosis from suspected cases,
particularly during outbreak situations. Over 150 serologically
distinct orbiviruses have been described to date. This list is
likely to increase as arbovirus collections are expanded and
revisited with recently developed research methods. Use of this
technology is anticipated to provide insight into the appear-
ance and distribution of known and novel orbiviruses, to rap-
idly identify them, and to enhance a rapid response to these
and other emerging pathogens.
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