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Abstract
Bluetongue disease is a reportable animal disease that affects wild and farmed ruminants, including white-tailed deer 
(WTD). This report documents the clinical findings, ancillary diagnostics, and genomic characterization of a novel reas-
sortant bluetongue virus serotype 2 (BTV-2) strain isolated from a dead Florida farmed WTD in 2022. Our analyses support 
that this BTV-2 strain likely stemmed from the acquisition of genome segments from co-circulating BTV strains in Florida 
and Louisiana. In addition, our analyses also indicate that genetically uncharacterized BTV strains may be circulating in 
the Southeastern USA; however, the identity and reassortant status of these BTV strains cannot be determined based on the 
VP2 and VP5 genome sequences. Hence, continued surveillance based on complete genome characterization is needed to 
understand the genetic diversity of BTV strains in this region and the potential threat they may pose to the health of deer 
and other ruminants.
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Introduction

Bluetongue disease is a reportable animal disease that affects 
wild and farmed ruminants, including antelope, buffalo, cat-
tle, deer, elk, goat, and sheep [1]. The disease is caused by 
bluetongue virus (BTV), which is mainly transmitted by 
Culicoides biting midges [2]. Bluetongue virus is a member 
of the genus Orbivirus within the family Sedoreoviridae. 
The BTV genome consists of 10 linear double-stranded 
RNA segments that encode seven structural proteins (VP1-
VP7) and at least four nonstructural proteins (NS1, NS2, 
NS3/3a, and NS4) [3–5]. Among these virus proteins, VP2 
and VP5 are highly variable and are used to determine the 
serotypes of the different BTV strains [3].

At least 32 distinct BTV serotypes have been identified to 
date [6–12]. Bluetongue virus serotype 2 (BTV-2) was first 
discovered in sheep in South Africa (1968 to 1972). It was 
later detected in Asia, Australia, Europe, and the Americas 
[13–17]. Bluetongue virus serotype 2 was first detected in 
the USA in 1982 when it was isolated from sentinel cattle 
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and in Culicoides insignis in Ona, Florida [15, 18]. There-
after, it was detected in cattle from Alabama [19] and the 
northern Sacramento Valley of California [20]. Besides 
cattle, sheep, and Culicoides, BTV-2 was also detected in 
a Nubian goat in Florida, and white-tailed deer (WTD) in 
Florida, Georgia, and Louisiana [21–23]. Herein, we report 
the clinical findings, ancillary diagnostics, and genomic 
characterization of a novel reassortant BTV-2 strain isolated 
from a dead farmed WTD from Florida in 2022.

Materials and methods

A farmed 5-year-old doe (animal ID: OV1681) was found 
with excessive drooling and droopy ears on July 31st, 2022. 
The farmer treated the animal with one dose each of 1.5 cc 
Excede (ceftiofur crystalline-free acid) and 1.5 cc Banamine 
(flunixin meglumine). The doe died the following day, and 
University of Florida (UF) technicians performed a field 
necropsy following guidelines provided by the University 
of Florida, Institute of Food and Agricultural Sciences, 
Cervidae Health Research Initiative (https:// wec. ifas. ufl. 
edu/ cheri/ diagn ostics/). As gross examination during field 
necropsy revealed congestion and hemorrhage in lungs, tis-
sue samples were collected from this organ and submitted 
to the UF Microbiology, Parasitology, and Serology Diag-
nostic Laboratory of the College of Veterinary Medicine for 
bacterial culture and identification. Spleen and skin samples 
were frozen at − 80 °C for subsequent virus isolation and 
molecular viral screening. This work was approved by the 
UF Institutional Animal Care and Use Committee (IACUC 
Protocol Numbers 201609390 and 201909390).

Total RNA was extracted from spleen tissue using an 
RNeasy Mini kit (Qiagen) following the manufacturer’s 
protocol and screened for BTV, bovine viral diarrhea virus 
(BVDV), eastern equine encephalitis virus (EEEV), epizo-
otic hemorrhagic virus (EHDV), and West Nile virus (WNV) 
using a VetMAX Plus One-Step RT-qPCR kit (Applied Bio-
systems) as described previously [24–27]. Total DNA was 
extracted from tissue samples collected from skin lesions 
using a DNeasy Mini kit (Qiagen) following the manufactur-
er’s protocol and screened for poxvirus using a conventional 
PCR assay as described previously [28].

After a BTV amplicon was detected by RT-qPCR, virus 
isolation was attempted in the C6/36 cell line (Aedes albop-
ictus [Asian tiger mosquito, ATCC CRL1660]), as previ-
ously described [24]. After cytopathic effects (CPE) were 
observed in 50% of the infected cells, RNA was subsequently 
extracted from the supernatant using a QIAamp Viral RNA 
Mini kit (Qiagen) according to the manufacturer’s pro-
tocol. A cDNA library was generated using a NEBNext 
Ultra RNA Library Prep kit (New England Biolabs) and 
sequenced on an Illumina MiSeq sequencer (Illumina). The 

A. albopictus host sequences (GenBank accession number 
MNAF00000000.2) were removed using Kraken v2.0 [29], 
and a de novo assembly of the remaining paired-end reads 
was performed using CLC Genomics Workbench v20.0.4. 
The assembled contigs were then subjected to BLASTX 
searches against the National Center for Biotechnology 
Information (NCBI) non-redundant protein database using 
OmicsBox v1.2 (BioBam).

Each of the 10 coding sequences of 85 BTV and one 
EHDV-6 (outgroup) were retrieved from the NCBI GenBank 
database and aligned with BTV isolated from OV1681 using 
MAFFT within Geneious Prime v2022.2.2 (Supplemental 
Table S1). The maximum-likelihood trees for each aligned 
coding sequences were constructed separately in IQ-TREE 
with 1000 bootstraps performed to test the robustness of the 
clades [30]. In addition, all coding sequences of the BTV 
isolated from OV1681 were compared against the NCBI 
non-redundant nucleotide database using BLASTN analyses.

Results and discussion

No pathogenic bacteria were isolated from the lungs. The 
RNA extract from spleen tissue tested positive for BTV 
and negative for BVDV, EEEV, EHDV, and WNV by RT-
qPCR. The DNA extract from skin tissue tested negative for 
poxvirus by PCR. Bluetongue virus-infected animals typi-
cally exhibit clinical signs such as anorexia, conjunctivitis, 
coronitis, cyanotic tongue, depression, facial edema, nasal 
lesions, nasal discharge, ptyalism, pyrexia, and respiratory 
distress [31, 32]. However, the BTV-infected doe in the 
current study presented non-specific clinical signs such as 
congestion in the eyes and mouth mucosa and ulceration on 
the ventral surface of the tongue. Additionally, multifocal 
alopecic skin lesions were observed on the back, face, and 
legs (Supplemental Figure S1A). The heart showed petechial 
hemorrhage along the coronary sulcus of the myocardium 
(Supplemental Figure S1B), and the lungs displayed conges-
tion and hemorrhage (Supplemental Figure S1C). Observ-
ing infected animals with non-specific clinical signs is not 
uncommon since BTV infections can result in asymptomatic 
to severe disease, depending on the virus serotype and host 
species, age, and immune status [31, 33]. Hence, diagnosis 
of BTV infection requires confirmatory laboratory testing 
and should not be solely based on clinical signs.

Virus-induced CPE was observed in C6/36 cells inocu-
lated with spleen homogenate upon primary passage 12 days 
post-inoculation. De novo assembly (GenBank accession 
nos. OR672561-OR672570) resulted in the complete gene 
coding sequences for all BTV segments in sample OV1681, 
except for segment 9. Phylogenetic analyses based on the 
coding sequences of genome segments 2 and 6 (VP2 and 
VP5 genes) revealed that the BTV isolated from sample 
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OV1681 belonged in serotype 2. It was designated as BTV-2 
strain OV1681 and grouped within a clade formed by BTV-2 
strains from Florida, California, Panama, French Guiana, 
and South Africa (Fig. 1). Phylogenetic analyses based on 
coding sequences of segments 1 (VP1 gene), 3 (VP3 gene), 
4 (VP4 gene), 7 (VP7 gene), and 8 (NS2 gene) grouped 
BTV-2 strain OV1681 within a clade formed by BTV strains 
from Florida and Louisiana (Supplemental Figures S2, S3, 
S4). Segment 5 (NS1 gene) analysis supported BTV-2 strain 
OV1681 as a member of a clade of BTV strains from Florida 
and Panama (Supplemental Figure S3). Analysis of segment 
9 (VP6 gene) supported BTV-2 strain OV1681 as a member 
of a clade consisting of BTV strains from Florida, Louisiana, 
and Honduras (Supplemental Figure S4). Analysis of seg-
ment 10 (NS3 gene) grouped BTV-2 strain OV1681 within 
a clade of BTV strains from Florida (Supplemental Figure 
S5). Eight segments showed 97.83% or greater sequence 

identity with BTV strains from Florida. Segments 3 and 7 
showed 97.04% and 99.52% sequence identity with a BTV 
strain from Louisiana, respectively (Table 1). 

Our analyses support BTV-2 strain OV1681 as a reas-
sortant with evidence that reassortment occurred between 
BTV strains from Florida and Louisiana. Segments 3 
and 7 were derived from the BTV-12 strain USA2012/
LA 12–046093 from Louisiana, whereas segments 1, 4, 6, 
and 9 were derived from at least four BTV strains previ-
ously reported in Florida. The source of the BTV-2 strain 
OV1681 could not be determined in the current study. 
However, the introduction of BTV-2 to Florida is thought 
to have occurred via Culicoides midges, which migrated 
from Cuba in 1982 and subsequently became endemic 
in the Southeastern USA [34]. In support of that notion, 
recent phylodynamic models also revealed Central Amer-
ica and the Caribbean as sources of BTV introduction 
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Fig. 1  Maximum likelihood cladogram depicting the relationships 
of the nucleotide sequence alignment of the VP2 and VP5 genes of 
BTV-2 strain OV1681, isolated from a white-tailed deer to 85 other 
BTV strains and 1 EHDV strain. The included BTV and EHDV 
strains are indicated by serotype, strain/isolate, host, country, and 

year of isolation. Nodes with black circles are supported by bootstrap 
values ≥ 80%. The tree was rooted with the EHDV-6 strain OV1321. 
The BTV-2 isolate OV1681 is in red and bold. Additional metadata 
for each virus in the tree are provided in Supplemental Table S1
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into North America [35]. Our phylogenetic analyses did 
not resolve the relationship of the remaining segments 
of BTV-2 strain OV1681 (segments 2, 5, 8, 10) to the 
other BTV strains, suggesting genetically uncharacterized 
BTV strains may be circulating in the Southeastern USA. 
Hence, it is crucial to maintain ongoing surveillance to 
assess the prevalence and potential risks posed by different 
BTV strains to the health of farmed deer populations and 
other ruminants.
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