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In 2018, a strain of epizootic hemorrhagic disease virus
(EHDV), named YNDH/V079/2018, was isolated from a
sentinel calf in Mangshi County, Yunnan Province, China.
Nucleotide sequencing and neutralization tests indicated
that the virus belongs to a novel serotype of EHDV that
had not been reported previously.

E

pizootic hemorrhagic disease virus (EHDV; family
Reoviridae, genus Orbivirus) is transmitted between
ruminants by Culicoides spp. biting midges. It is widespread in tropical and subtropical regions and primarily
infects white-tailed deer and cattle (1); EHDV infection
often causes death in white-tailed deer. Seven serotypes
of EHDV (EHDV-1, -2, -4, -5, -6, -7, and -8) have been officially assigned; EHDV-3 (NIG1967/01 strain) has been
combined into EHDV-1 (1,2). Recently, 2 novel EHDV
strains isolated from South Africa (3) and Japan (4) were
suggested as new serotype candidates. Although only
Ibaraki virus (a strain of EHDV-2 from Japan) was previously known to cause a bluetongue-like illness in cattle (1), EHDV-1, EHDV-2, EHDV-6, and EHDV-7 have
recently been associated with illness and death in cattle
in Asia, the Mediterranean Basin, South Africa, North
America, and Réunion Island (1,5–7), suggesting that
the distribution and the pathogenicity associated with
EHDV infection are increasing. EHDVs belonging to serotypes 1, 5, 6, and 7, as well as a nontyped serotype,
have been isolated from sentinel cattle in southern China (H. Li et al., unpub. data).
In 2018, we placed 10 Yunnan yellow cattle 6−12
months of age and free of EHDV antibodies under field conditions at Sanjiaoyan village, Mangshi
County, Dehong Prefecture, Yunnan Province, China
(Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/26/12/19-1301-App1.pdf) as sentinel animals. We took blood samples at weekly intervals during May−October: whole blood for serology, EDTA
samples for viral nucleic acid detection, and heparin
blood samples for virus isolation.
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During June−September, we confirmed EHDV infections in 3 of the sentinel cattle by EHDV competitive
ELISA (cELISA; ID-Vet, https://www.id-vet.com) and
real-time quantitative reverse transcription PCR (qRTPCR) (3). We isolated viruses from blood samples by inoculating C6/36 cells and blindly passaging for 5 times
on BHK-21 cells (1). We isolated EHDV-1 and EHDV-5
strains from 2 of the cattle and an additional strain of
EHDV, YNDH/V079/2018, from the third animal. Serotype identification of YNDH/V079/2018 displayed
uniform negative results through serotype-specific
RT-PCR (8) and virus neutralization tests using serum
samples against EHDV-1, EHDV-2, EHDV-5, EHDV6, EHDV-7, EHDV-8, and nontyped serotype reference strains. Furthermore, serum from the YNDH/
V079/2018-infected calf showed no neutralization to
tested serotypes of EHDV reference strains.
Double-stranded RNA extracted from YNDH/
V079/2018 generated a genome segment migration
pattern typical of bluetongue virus or EHDV (Appendix Figure 2) by agarose gel electrophoresis. Transmission electron microscopy revealed virus particles ≈80
nm in diameter, with a ring-shaped capsomere characteristic of Orbivirus (Appendix Figure 3). Full-length
cDNA copies of segments 2 and 3 (Seg-2 and Seg-3) of
YNDH/V079/2018 were synthesized and sequenced
as described by Maan et al. (9). BLAST analyses
(https://www.ncbi.nlm.nih.gov/BLAST) of Seg-2 and
Seg-3 sequences (GenBank accession nos. MN418446
and MN418447) revealed the highest matching identities with equivalent genome segments of other EHDVs.
Subcore shell viral protein (VP) 3 of EHDV, encoded by Seg-3, is highly conserved, showing >95.5%
amino acid sequence identity within EHDVs (10).
Seg-3/VP3 of YNDH/V079/2018 showed overall nucleotide/amino acid identity levels of 78.5%/94.6% to
80.0%/96.5% with other EHDVs, confirming its identity as an EHDV isolate. However, Seg-3 of YNDH/
V079/2018 did not cluster with previously identified
Eastern or Western EHDV topotypes (10); maximum
sequence identities were 80.0% nt and 78.9% aa,
which placed YNDH/V079/2018 as a distinct topotype in the phylogenetic tree (Figure, panel A).
The outer capsid protein VP2 of EHDV, encoded by Seg-2, is highly variable and is definitive for
serotype determination (2). Seg-2/VP2 of YNDH/
V079/2018 sharing sequence identities of 44.3%–
50.9% nt and 31.0%–40.6% aa to previously recognized EHDV serotypes, which supports it as a distinct
EHDV Seg-2 group (2), herein named group E (Figure, panel B). This finding coincides with the results
of neutralization tests and indicates that YNDH/
V079/2018 represents a novel serotype of EHDV.
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Figure. Phylogenetic analyses of EHDV based on segment 3 (A) and segment 2 (B) of YNDH/V079/2018 from Mangshi County,
Yunnan Province, China (red dot), compared with other global EHDV isolates. The following convention was used to identify sequences:
GenBank accession no., EHDV-serotype, country, isolation year. Eastern and Western topotypes of segment 3 and A−D groups of
segment 2 were assigned as described by Anthony et al. (2,10); a distinct segment 2 group of the strain YNDH/V079/2018 isolated
in China (2) is marked as group E. The nontyped strain from Japan isolated in 1998 is included in accession nos. LC202966 and
LC202944 (4). We did not include the nontyped strain from South Africa, due to the lack of sequence information in GenBank. BTV
strains were used as the outgroups. Number at each branch indicates a bootstrap value. Scale bars indicate nucleotide substitutions per
site. BTV, bluetongue virus; EHDV, epizootic hemorrhagic disease virus.

We developed conventional RT-PCR and qRTPCR targeting Seg-2 of YNDH/V079/2018 (Appendix Table 1) and used them in combination with
cELISA and serum neutralization tests to trace progress of the infection in the sentinel animal (Appendix Table 2). We defined the earliest week in which
the virus was detectable in the blood using qRT-PCR
as infection week 1. We isolated YNDH/V079/2018
in week 2 from the sentinel calf, which experienced
fever to 40.2°C, anorexia, and respiratory distress.
Viral nucleic acid in the blood peaked in weeks 1–2;
levels decreased gradually until none was detected
at week 14. cELISA and neutralization antibodies
first appeared at week 2, peaked in weeks 7–8, and
remained elevated until week 17, when blood sampling ceased.
To determine the prevalence of YNDH/
V079/2018, we tested 87 EDTA cattle blood samples
from 3 farms in Mangshi County during April–October 2018 but detected no nucleic acid consistent
with YNDH/V079/2018. Additional genome sequencing, type-specific diagnostic tests, and epidemiologic and pathogenic investigations of this
novel EHDV are planned. Our study will help
clarify the diversity of EHDV serotypes and the
distribution and pathogenicity of this novel EHDV
and its potential risk to ruminants.
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We identified Candidatus Borrelia fainii, a human pathogenic bacterium causing New World relapsing fever in a
Myotis bat in eastern China. This finding expands knowledge about the geographic distribution of Borrelia spp.
and the potential for infection with New World relapsing
fever in China.

B

orrelia is a genus comprising 3 groups of spirochetes: the Lyme disease group, the relapsing fever
group, and a nonconformist third group. Typically,
Lyme disease borreliae are transmitted by hard ticks
and have a worldwide distribution, but most relapsing fever Borrelia are transmitted by soft ticks, except
for louse-borne B. recurrentis. Relapsing fever borreliae
are further classified into 2 subgroups, New World
relapsing fever (NWRF) Borrelia and Old World relapsing fever, on the basis of epidemic regions and
the genetic lineage of the causative agent. B. lonestari
and B. miyamotoi are transmitted by hard ticks, but are
more closely related to relapsing fever borreliae than
to Lyme disease borreliae and are distributed both in
the New World (North and South America and Oceania) and the Old World (Europe, Asia, and Africa). The
nonconformist third group includes an orphan Borrelia
species named B. turicata (1). We identified Candidatus
Borrelia fainii in a Myotis bat from eastern China.
During March–October 2015, with the help of local farmers, we caught a total of 145 bats from various
niches in Mengyin County, Shandong Province, China,
using mist nets or butterfly nets and took tissue samples (liver, spleen, lung, or kidney). The captured bats
included 4 Rhinolophus ferrumequinum and 14 Rh. pusillus from a karst cave, 26 Eptesicus serotinus from 2 farm
houses, 34 Myotis fimbriatus and 10 M. ricketti from a city
sewer, and 57 M. pequinius from a cave. We extracted
DNA from the bat tissue, then screened for Borrelia by
amplifying the rrs, flaB, and glpQ genes using methods
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Appendix Table 1. Primers and probe used for reverse transcription PCR (RT-PCR) and quantitative reverse transcription
(RT-qPCR) of epizootic hemorrhagic disease virus targeting Segment 2 of the strain YNDH/V079/2018*
PCR type

RT-PCR

RT-qPCR

Target

Probe and primer

Primer sequence (5′-3′)

Nucleotide

PCR products

location

size, bp
999

gene

names

Seg-2

EHDV/V079-S2-F

GGCTCGGTTGCGTCTATTATG

1135–1156

EHDV/V079-S2-R

TCCTTGAAGTCTCGGTAGTCG

2092–2113

EHDV/V079-YG-S2-F

GCGCTCTAATTTGGCAGATAG

1093–1116

EHDV/V079-YG-S2-R

AGCCGTTCCAAACCATAAGATAG

1033–1060

EHDV/V079-S2-Probe

FAM-TCGCAACCAGTCATCATCAAGATCGCT-BHQ1

950–971

Seg-2

189

*The RT-qPCR reaction was conducted with One Step PrimeScript RT-PCR Kit (TaKaRa, https://www.takarabio.com) in a total volume of 20 μL containing
10 μL 2×One-Step RT-PCR Buffer III, 0.4 μL EX Taq HS DNA Polymerase (5 U/μL), 0.4 μL RT Enzyme Mix II, 0.4 μL primers (10 μM), 0.8 μL TaqMan Probe
(10 μM), 4 μL RNA template, and RNase-free water to a final volume of 20 μL, which was performed in a 96-well plate using the ABI 7500 Real-Time PCR
System (ABI, https://www.thermofisher.com) with the following thermal cycling conditions: 5 min at 42°C, 10 s at 95°C, and 40 cycles of 5 s at 95°C and 34
s at 60°C.

Appendix Table 2. Chronology of serologic and RT-qPCR assays of a calf infected with strain YNDH/V079/2018 of
epizootic hemorrhagic disease virus, China, 2008*
Date

Week

Cycle threshold (Ct) value
C-ELISA

Serum neutralization

Seg-9

Seg-2

inhibition (%)

test titer

Aug 19

0

Negative

Negative

93.75

Negative

Aug 26

1

32.78

26.56

36.58

1:11

Sep 1

2

30.49

27.47

27.63

1:45

Sep 9

3

34.43

29.78

21.06

1:91

Sep 16

4

33.34

30.80

15.62

1:128

Sep 23

5

34.12

30.38

11.43

1:181

Sep 30

6

35.89

31.56

10.02

1:256

Oct 8

7

34.77

32.31

8.36

1:256

Oct 14

8

37.89

34.61

10.14

1:181

Oct 21

9

Negative

35.45

9.62

1:256

Oct 28

10

Negative

37.38

10.62

1:181

Nov 27

14

Negative

Negative

11.57

1:181

Dec 19

17

Negative

Negative

12.73

1:181

*RT-qPCR targeting Seg-9 of EHDV (3) and Seg-2 of YNDH/V079/2018 developed in this study. Ct values <38.0 for the Seg-2 RT-qPCR test
are regarded as positive. Bold text indicate positive results using competitive ELISA test (ID Vet, https://www.id-vet.com) to detect antibodies
against YNDH/V079/2018 in blood samples of the infected calf, according to the manufacturer's recommendations. Results are expressed as
ratio of inhibition; samples were considered positive, if the percentage was <30%.
.

Appendix Figure 1. Geographic location of Sanjiaoyan village (blue dot, with longitude
E98°31¢52, latitude N24°23¢442 and altitude 880 m) located in Mangshi County, Dehong
Prefecture, Yunnan Province of China. China’s boundaries with its neighbors are marked with
solid red lines.

Appendix Figure 2. Agarose gel (2%) electrophoretic migration patterns of genomic
double-stranded RNAs from Orbivirus species. Lane 1, YNDH/V079/2018; Lane 2, EHDV-5
(YNDH/V023/2014); Lane 3, bluetongue virus (BTV); Lane 4, chuzan virus (CHUV).

Appendix Figure 3. Electron micrographs of YNDH/V079/2018 particles with 2% potassium
phosphotungstate negatively stained. Scale bar indicates 50 nm.

