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Zwiesel bat banyangvirus, a
potentially zoonotic Huaiyangshan
banyangvirus (Formerly known

as SFTS)-like banyangvirus in
Northern bats from Germany
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Bats are reservoir hosts for several emerging and re-emerging viral pathogens causing morbidity and
mortality in wildlife, animal stocks and humans. Various viruses within the family Phenuiviridae have
been detected in bats, including the highly pathogenic Rift Valley fever virus and Malsoor virus, a

novel Banyangvirus with close genetic relation to Huaiyangshan banyangvirus (BHAV)(former known
as Severe fever with thrombocytopenia syndrome virus, SFTSV) and Heartland virus (HRTV), both of
which have caused severe disease with fatal casualties in humans. In this study we present the whole
genome of a novel Banyangvirus, named Zwiesel bat banyangvirus, revealed through deep sequencing
of the Eptesicus nilssonii bat virome. The detection of the novel bat banyangvirus, which is in close
phylogenetic relationship with the pathogenic HRTV and BHAYV, underlines the possible impact of
emerging phenuiviruses on public health.

The Banyangvirus genus, currently classified as part of the Phenuviridae family in the order Bunyavirales, is char-
acterized by a tri-segmented, negative- or ambisense ssRNA genome of 11-19kb length in total. Four structural
proteins are encoded on the genome: the L protein (RNA-dependent RNA polymerase) on segment L, two gly-
coproteins Gn and Gce on segment M, the nucleocapsid protein on segment N and the nonstructural protein
NSs on segment S. Banyangviruses can infect vertebrates and invertebrates and have caused febrile infections,
encephalitis and severe fevers with fatal outcome in humans, therefore being increasingly reported as emerging
pathogens of public health importance!=. Recently, two novel tick-borne phenuiviruses (Huaiyangshan ban-
yangvirus [BHAV] and Heartland virus [HRTV]) were detected and characterized; they form, together with
Guertu banyangvirus a new genus within the Phenuiviridae genus: the Banyangviruses clade"*. BHAV was ini-
tially reported in 2011 in the Henan and Hubei Provinces, China. Patients showed fever or hemorrhagic fever,
thrombocytopenia, leukocytopenia and multi-organ dysfunction with an initial case fatality rate of 30%"*. By
then, the etiological virus was isolated from patients’ blood and Haemaphysalis longicornis and Rhipicephalus
microplus ticks throughout China, South Korea and Japan>®. Similar symptoms were recognized in two men
from Missouri, USA. The respective virus, named Heartland virus (HRTV), was isolated in 2012 from patients’
blood and Amblyomma americanum ticks collected in the field*’. A third novel banyangvirus with close relation
to BHAV and HRTV was detected in Tasmania State, Australia. The virus, named Hunter Island Group virus
(HIGV), was isolated from Ixodes eudyptidis ticks which were blood-feeding on a shy albatross (Thalassarche
cauta) colony with signs of unknown disease outbreak®. Despite the identification of ticks as vectors for BHAYV,
HRTYV and HIGYV, the amplifying or reservoir hosts of the viral pathogens remain unknown.

Bats are the primary reservoir host for several zoonotic viruses with a high impact on public health, including
numerous filoviruses, paramyxoviruses, coronaviruses and bunyaviruses’. So far, two members of the family
Phenuiviridae are associated with bats. The highly pathogenic Rift Valley fever virus was detected in Micropteropus
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pusillus and Hipposideros caffer bats in Guinea!®. Malsoor virus, a fourth novel banyangvirus within the genus
Banyangvirus, was recently isolated from a Rousettus leschenaultii bat in India'’.

Bats may be the source of many more yet unknown viruses which can cause morbidity and mortality in
wildlife, animal stocks and humans!?. Novel sequencing technologies allow massive parallel sequencing of all
organisms in one sample, also allowing the detection of viruses with low sequence similarity to already known
viruses!*!4.

In this study, organs of microchiropteran bats, which were moribund or found dead, with potentially
virus-related histopathological changes were used for deep sequencing of the bat virome. A novel banyangvirus,
named Zwiesel bat banyangvirus (ZbbV) after the town of bat origin in Germany, was detected in the virome of
several Northern bats (Eptesicus nilssonii). Phylogenetic analysis of the ZbbV polymerase protein showed that the
closest relationship was to Malsoor virus, HRTV and BHAV.

Results

The combination of sequences obtained from virome data and gap-filling PCR revealed the partial genome
sequence of the novel ZbbV with 6,277, 3,434 and 1,793 nt for the L, M and S segment, respectively. The L seg-
ment open reading frame encodes for the RNA polymerase, the M segment for the two glycoproteins. Two open
reading frames in ambisense orientation were determined on the S segment, which code the N protein (sense)
and the nonstructural NSs protein (antisense).

Phylogenetic tree reconstruction of the ZbbV L, M and S segment revealed a monophyletic relationship
with Malsoor virus, HRTV and BHAV within the genus banyangvirus. No signs of genetic reassortment were
observed. Comparison of the L segment showed 84% aa (74% nt), 71% aa (67% nt) and 69% aa (66% nt) identity
to Malsoor virus, HRTV and BHAYV, respectively. Comparison of the M segment showed 70% aa (68% nt), 57%
aa (58% nt) and 56% aa (59% nt) identity to Malsoor virus, HRTV and BHAYV, respectively. Comparison of the
S segment showed 38% aa (69% nt), 10% aa (48% nt) and 16% aa (49% nt) identity to Malsoor virus, HRTV and
BHAY, respectively.

Using specifically designed primers for the ZbbV L gene and subsequent sequencing of the PCR products,
ZbbV was detected and quantified by qPCR in liver, lung, brain, spleen and intestine of 5 out of 12 Eptesicus nils-
sonii bats used in this study (Table 1). qPCR screening of pooled organs from the remaining 363 bats, including 3
additional Eptesicus nilssonii bats, did not reveal any additional ZbbV sequences.

The sequences of the L, M and S segments of the novel virus were deposited in GenBank with the accession
numbers MN823639, MN823640, and MN823641, respectively. The novel virus was named Zwiesel bat banyang-
virus (ZbbV), after the town of Zwiesel in Bavaria, where one of the Eptesicus nilssonii bats was found positive.

To obtain the virus isolate of the novel banyangvirus, Vero and Paki cell lines were inoculated with pooled
organs of all 12 Eptesicus nilssonii bats. After 3 passages, no cytopathic effect was observed and cell culture super-
natants were tested negative for ZbbV.

Discussion

In this study we identified a novel banyangvirus, named Zwiesel bat banyangvirus, in the virome of Eptesicus
nilssonii bats. Genetic characterization showed that the virus is related to the tick-borne zoonotic phenuiviruses
BHAV and HRTYV, responsible for severe disease and death in humans, as well as to Malsoor virus which was
recently isolated from a Rousettus bat in India.

Since similar viruses have been detected in far apart countries such as North America, India, China, Japan,
South Korea and Australia and in ticks of different genera, numerous zoonotic phenuiviruses may be widely dis-
tributed in different parts of the world. So far, ZbbV is the first banyangvirus detected in bats of northern Europe.
Grouping of ZbbV within the tick-transmitted genus Banyangvirus suggests ticks to be the vector of the novel
virus. Additionally, we have not found any evidence that ZbbV does encode for a NSm protein on segment M,
this is corresponding with all other members of the genus Banyangvirus. As shown before, NSm is important for
infectivity in Aedes aegypti mosquitoes'. However, although Haemaphysalis longicornis ticks are supposed to be
the vector of BHAV, most infected patients did not report tick bites prior to disease onset'. Moreover, investiga-
tion of a cluster of BHAV cases suggests evidence of person-to-person transmission'?, making the further study
of BHAV- and BHAV-like viruses imperative regarding human public health.

It is tempting to suggest that viruses discovered in insectivorous bats are only remnants of the bats’ diet.
Although we found sequences of ZbbV in the intestines of the bats, we also detected the virus in bat liver, lung,
brain and spleen using specific PCR assays.

Considering the close relationship of ZbbV to BHAV and HRTV as well as the broad distribution of zoonotic
phenuiviruses and Eptesicus nilssonii bats, which are the most abundant bats in northern Eurasia, the potential
zoonotic impact of emerging banyangviruses on public health should be further investigated.

Methods

Study. In compliance with the species protection through the European Commission (https://ec.europa.eu/
environment/nature/legislation/habitatsdirective/) and the Agreement on the Conservation of Populations of
European Bats (www.eurobats.org), investigative research on bats was permitted by local government bodies. We
herewith confirm, that all permits to investigate carcasses of deceased bats and all experimental protocols on the
dead bats were approved by the respective local governmental authorities (district government of Upper Bavaria,
Munich [No. 55.1-8642.1-4-2006]; district government of Bavarian Swabia, Augsburg [No. 51-8645.11/489];
Lower Saxony water management, coastal defence and nature conservation, Hannover [No. 897.21-20]; senate
department for urban development and the environment, Berlin [No. I E 222 - 10.04.2004]). We herewith further
confirm that all experiments were performed in accordance with relevant guidelines and regulations. All bats in
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Organs used for metagenomics
Bat No. Source analysis (#) Positive Organs (CT value)
E 143/09 94227 Zwiesel, Bavaria Brain, Heart, Intestine, Lung, Spleen | Brain (35,34), Intestine, Spleen (39,21)
E 138/09 94258 Frauenau, Bavaria Lung, Liver, Spleen, Intestine Intestine (35,59), Liver (35,28), Spleen (35,89)
E 108/09 82319 Percha-Starnberg, Bavaria Liver, Lung, Spleen Liver (36,77), Lung (36,49), Spleen (35,28)
E 194/07 94267 Prackenbach, Bavaria Liver, Lung, Spleen Lung (34,93)
E 202/07 Bavaria Liver, Lung, Spleen Liver (38,91), Lung (36,49), Spleen (18,69)
E 145/09 94244 Geiersthal, Bavaria Lung
E193/07 | 94258 Frauenau, Bavaria Intestine, Lung, Spleen
E 139/09 94155 Otterskirchen, Bavaria Lung, Spleen
E196/07 | Bavaria Lung, Spleen
E 141/09 | 94469 Deggendorf, Bavaria Intestine, Lung
E 147/09 | 94518 Spiegelau/Palmberg, Bavaria | Lung
E 148/09 | 94469 Deggendorf, Bavaria Spleen
E 207/07 Bavaria
E6/09 92421 Maxhiitte-Haidorf, Bavaria
E 144/09 95028/30/32 Hof, Bavaria

Table 1. Overview on bats used in the bat virome study, positive for Zwiesel bat banyangvirus. (#)Potentially
virus-related histopathological changes.
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Figure 1. Phylogenetic analysis of the nucleotide sequence (6,022 nt) of the Zwiesel bat banyangvirus L
segment). Alignments were built with ClustalW before model prediction with JModel-test. Phylogenetic tree
reconstruction was calculated using MrBayes with 500,000 replicates, model GTR, sampling frequency 200,
burn in 10% (50,000). Posterior probabilities are depicted at the branches.

a broad study on diseases of native bats in Germany (n=375) were found dead or moribund with subsequent
euthanization and were kindly provided by bat researchers and bat rehabilitation centers'®. 12 Eptesicus nilssonii
bats collected throughout urban and suburban areas of Bavaria, showed potentially virus-related histopathologi-
cal changes and have been further examined in this study.

SCIENTIFICREPORTS|  (2020) 10:1370 | https://doi.org/10.1038/s41598-020-58466-w


https://doi.org/10.1038/s41598-020-58466-w

www.nature.com/scientificreports/

NC_005300_Crimean-Congo hemorrhagic fever virus
0.76[ YUKGPM_Uukuniemi virus
0.69F~ JUF838325_Chize virus
MH899075_Zaliv Terpenia virus

‘E NC_014396_Rift Valley fever virus
0.73

GQ847512_Sandfly Sicilian Turkey virus
HM566171_Sandfly fever Naples virus

1] KF186498_Malsoor virus_NIV10500650
11! KF186495_Malsoor virus_NIV1050639
Zwiesel bat banyangvirus
0.9F| JQ684872_BHAV (SFTS)_SDLZtick
DI493115_BHAV (SFTS)_KR1020150042419

q.61] 0.97
JQ733560_BHAV (SFTS)_HB154
HM745931_BHAV (SFTS)_HB29/China
KC292301_BHAV (SFTS)_HNXY_188
09

KT328592_Guertu virus
KJ740147_Heartland virus_TN
JX005844_Heartland virus_Patient 1

P-971 |1 KM198926_Hunter Island virus TN
KF848981_Hunter Island virus

1[ NC_027141_Bhanja virus
1 |F JX961629_Palma virus

NC_021243_Lone Star virus

4.0

Figure 2. Phylogenetic analysis of the nucleotide sequence (3,094 nt) of the Zwiesel bat banyangvirus M
segment. Alignments were built with ClustalW before model prediction with JModel-test. Phylogenetic tree
reconstruction was calculated using MrBayes with 500,000 replicates, model GTR, sampling frequency 200,
burn in 10% (50,000). Posterior probabilities are depicted at the branches.

Methods. All work was performed at Biosafety level-2 conditions with appropriate precautions. After obtain-
ing the result that Zwiesel virus is related to SFTS virus (rated BSL-4 in Germany), further work on the original
material was restricted to BSL-3. Homogenized organs [n = 31] with potentially virus-related histopathological
changes (data available on request) were pooled (Table 1), followed by purification and enrichment of viruses
directly from virus-infected tissue and subsequent deep sequencing of the virome!”. Deep sequencing was
performed using the Illumina HiSeq. 1500 (Illumina Inc.) technology according to the Illumina sequencing
protocol. Raw reads were trimmed for primers, adapters, low-quality bases and length (>30bp)'®. Sequences
that mapped to RefSeq sequences of eukaryotes, fungi and bacteria using Bowtie 2 version 2.2.6 with default
parameters were discarded. Remaining reads were de novo assembled using Velvet assembler 1.2.10 in default
mode'*. Contigs and remaining sequences were aligned to the NCBI RefSeq viral protein database using
DIAMOND v0.7.12%. All contigs and sequences with similarity to members of the genus Banyangvirus were
assembled into larger contigs. The complete genome sequences of the L, M and S segments were obtained by
using newly designed gap-filling PCR primers (sequence information available on request). Reagent concen-
trations were as follows: 5pl of cDNA, 0.4 uM of each forward and reverse primer, 0.4 mM of desoxynucleo-
side triphosphates (Invitrogen), 2.5 ml of 10 x Platinum® Taq buffer, 4mM of MgCl, and 1.25 U Platinum® Taq
polymerase (Invitrogen) with water added to a final volume of 25 ul. Cycling conditions were 95 °C for 10 min,
45 amplification cycles at 94 °C for 455, 55 °C for 455, 72°C for 45 s and a final extension for 10 min at 72°C.
Open reading frames of the viral genome were predicted with Geneious 7.1.4. (http://www.geneious.com; and
ClustalW by aligning to annotated phenuivirus genomes as a ref. ?»*. Accession numbers of the L, M and S
segments used for are indicated in the respective phylogenetic trees Figs. 1, 2 and 3). Specific qPCR primers
were designed to determine the viral copy numbers within the organs tested positive and to screen pooled organ
tissues of an additional 363 microchiropteran bats, moribund or found dead, from the broad study (BatBanyang
F: > ACTTCCAAAGCCACAAAAGATGGTA'3; BatBanyang R: 5’CTGAAATCGCATTAAATGTTCCATTC'3;
BatBanyang MGB: 5FAM CCTCCTAAGAAGAAATACT MGB’3'¢. Cycler conditions for qPCR were as follows:
95 °C for 10 min, 45 amplification cycles at 95 °C for 305, 60 °C for 30s and 72 °C for 30s and final extension for
10 min at 72 °C. Reagent concentrations were as follows: 1 ul of cDNA, 0.3 uM of each forward and reverse primer,
10nM of probe, 0.1 mM of desoxynucleoside triphosphates (Invitrogen), 2.5 ml of 10 x Platinum® Taq buffer,
5mM of MgCl, and 1.25 U Platinum® Taq polymerase (Invitrogen) with water added to a final volume of 25 pl.
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Figure 3. Phylogenetic analysis of the nucleotide sequence (1,793 nt) of the Zwiesel bat banyangvirus S
segment. Alignments were built with ClustalW before model prediction with JModel-test. Phylogenetic tree
reconstruction was calculated using MrBayes with 500,000 replicates, model GTR, sampling frequency 200,
burn in 10% (50,000). Posterior probabilities are depicted at the branches.

used for phylogenetic analysis. Alignments were built with ClustalW before model prediction with JModel tes

The nucleic acid sequence (6,022 nt) of the L segment, M segment (3,094 nt) and S segment (1,793 nt) where
t23,

The model with the highest AIC value, GTR, was chosen for further analysis. Phylogenetic tree reconstruc-
tion was performed using MrBayes with 500,000 replicates, model GTR, sampling frequency 200, burn in 10%
(50,000)%*-28. Posterior probabilities are depicted at the branches.

Received: 31 October 2019; Accepted: 10 January 2020;
Published online: 28 January 2020

References

1.

2.

3.

11.

Yu, X.-J. et al. Fever with Thrombocytopenia Associated with a Novel Bunyavirus in China. N. Engl. J. Med. 364, 15231532, https://
doi.org/10.1056/NEJMoal010095 (2011).

McMullan, L. K. et al. A New Phlebovirus Associated with Severe Febrile Illness in Missouri. N. Engl. J. Med. 367, 834-841, https://
doi.org/10.1056/NEJMoal203378 (2012).

Charrel, R. N. et al. Emergence of Toscana Virus in Europe. Emerg. Infect. Dis. 11, 1657-1663, https://doi.org/10.3201/
eid1111.050869 (2005).

. Zhang, Y. Z. et al. Hemorrhagic fever caused by a novel Bunyavirus in China: pathogenesis and correlates of fatal outcome. Clin.

Infect. Dis. 54, 527-533, https://doi.org/10.1093/cid/cir804 (2012).

. Kye-Hyung, K. et al. Severe Fever with Thrombocytopenia Syndrome, South Korea, 2012. Emerg. Infect. Dis. 19, 1892, https://doi.

org/10.3201/eid1911.130792 (2013).

. Takahashi, T. et al. The First Identification and Retrospective Study of Severe Fever With Thrombocytopenia Syndrome in Japan. J.

Infect. Dis. 209, 816-827, https://doi.org/10.1093/infdis/jit603 (2014).

. Savage, H. M. et al. First Detection of Heartland Virus (Bunyaviridae: Phlebovirus) from Field Collected Arthropods. Am. J. Trop.

Med. Hyg. 89, 445-452, https://doi.org/10.4269/ajtmh.13-0209 (2013).

. Jianning, W. et al. Novel Phlebovirus with Zoonotic Potential Isolated from Ticks, Australia. Emerg. Infect. Dis. 20, 1040, https://doi.

org/10.3201/eid2006.140003 (2014).

Kohl, C. & Kurth, A. European Bats as Carriers of Viruses with Zoonotic Potential. Viruses 6,3110 (2014).

Boiro, I., Konstaninov, O. K. & Numerov, A. D. Isolation of Rift Valley fever virus from bats in the Republic of Guinea. Bull. Soc.
Pathol. Exot. Filiales 80, 62-67 (1987).

Mourya, D. T. et al. Malsoor Virus, a Novel Bat Phlebovirus, Is Closely Related to Severe Fever with Thrombocytopenia Syndrome
Virus and Heartland Virus. J. Virol. 88, 3605-3609, https://doi.org/10.1128/jvi.02617-13 (2014).

SCIENTIFIC REPORTS |

(2020) 10:1370 | https://doi.org/10.1038/s41598-020-58466-w


https://doi.org/10.1038/s41598-020-58466-w
https://doi.org/10.1056/NEJMoa1010095
https://doi.org/10.1056/NEJMoa1010095
https://doi.org/10.1056/NEJMoa1203378
https://doi.org/10.1056/NEJMoa1203378
https://doi.org/10.3201/eid1111.050869
https://doi.org/10.3201/eid1111.050869
https://doi.org/10.1093/cid/cir804
https://doi.org/10.3201/eid1911.130792
https://doi.org/10.3201/eid1911.130792
https://doi.org/10.1093/infdis/jit603
https://doi.org/10.4269/ajtmh.13-0209
https://doi.org/10.3201/eid2006.140003
https://doi.org/10.3201/eid2006.140003
https://doi.org/10.1128/jvi.02617-13

www.nature.com/scientificreports/

12. Kohl, C. & Kurth, A. European bats as carriers of viruses with zoonotic potential. Viruses 6, 3110-3128, https://doi.org/10.3390/
v6083110 (2014).

13. Baker, K. S. et al. Metagenomic study of the viruses of African straw-coloured fruit bats: Detection of a chiropteran poxvirus and
isolation of a novel adenovirus. Virology 441, 95-106, https://doi.org/10.1016/j.virol.2013.03.014 (2013).

14. Ge, X. et al. Metagenomic Analysis of Viruses from the Bat Fecal Samples Reveals Many Novel Viruses in Insectivorous Bats in
China. J. Virol. 86, 4620-30, https://doi.org/10.1128/jvi.06671-11 (2012).

15. Gai, Z. et al. Person-to-person transmission of severe fever with thrombocytopenia syndrome bunyavirus through blood contact.
Clin. Infect. Dis. 54, 249-252, https://doi.org/10.1093/cid/cir776 (2012).

16. Muhldorfer, K. et al. Diseases and causes of death in European bats: dynamics in disease susceptibility and infection rates. PLoS One
6, €29773, https://doi.org/10.1371/journal.pone.0029773 (2011).

17. Kohl, C. et al. Protocol for Metagenomic Virus Detection in Clinical Specimens. Emerg. Infect. Dis. 21, 48-57, https://doi.
org/10.3201/eid2101.140766 (2015).

18. Bolger, A. M., Lohse, M. & Usadel, B. Trimmomatic: a flexible trimmer for Illumina sequence data. Bioinformatics 30, 2114-2120,
https://doi.org/10.1093/bioinformatics/btul70 (2014).

19. Langmead, B. & Salzberg, S. L. Fast gapped-read alignment with Bowtie 2. Nat. Methods 9, 357-359, https://doi.org/10.1038/
nmeth.1923 (2012).

20. Zerbino, D. R. & Birney, E. Velvet: Algorithms for de novo short read assembly using de Bruijn graphs. Genome Res. 18, 821-829,
https://doi.org/10.1101/gr.074492.107 (2008).

21. Buchfink, B., Xie, C. & Huson, D. H. Fast and sensitive protein alignment using DIAMOND. Nat. Methods 12, 59-60, https://doi.
org/10.1038/nmeth.3176 (2015).

22. Larkin, M. A. et al. Clustal W and Clustal X version 2.0. Bioinformatics 23, 2947-2948, https://doi.org/10.1093/bioinformatics/
btm404 (2007).

23. Darriba, D., Taboada, G. L., Doallo, R. & Posada, D. jModelTest 2: more models, new heuristics and parallel computing. Nat.
Methods 9, 772-772, https://doi.org/10.1038/nmeth.2109 (2012).

24. Huelsenbeck, J. P. & Ronquist, E. MRBAYES: Bayesian inference of phylogenetic trees. Bioinformatics 17, 754755, https://doi.
org/10.1093/bioinformatics/17.8.754 (2001).

25. Elliott, R. M. & Brennan, B. Emerging phleboviruses. Curr. Opin. Virol. 5, 50-57, https://doi.org/10.1016/j.coviro.2014.01.011
(2014).

26. Elliott, R. M. & Schmaljohn, C. S. 42 Bunyaviridae. In: Fields, B. N., Knipe, D. M. & Howley, P. M. Fields Virology. 6™ ed. Wolters
Kluwer Health/Lippincott Williams & Wilkins (2013).

27. Kearse, M. et al. Geneious Basic: an integrated and extendable desktop software platform for the organization and analysis of
sequence data. Bioinformatics 28, 1647-1649, https://doi.org/10.1093/bioinformatics/bts199 (2012).

28. Crabtree, M. B. et al. Infection and Transmission of Rift Valley Fever Viruses Lacking the NSs and/or NSm Genes in Mosquitoes:
Potential Role for NSm in Mosquito. Infection. PLoS Negl. Trop. Dis. 6, 1639, https://doi.org/10.1371/journal.pntd.0001639 (2012).

Acknowledgements

We thank Angelika Lander, Petra Kreher, Nicole Hetzelt, Georg Hille and Ute Kramer for technical assistance,
Julia Tesch, Julia Hinzmann, Silvia Muschter and Angelina Targosz for sequencing. Special thanks to the Berliner
Artenschutz Team BAT-e.V.: F. Brandes, 1. Frey-Mann, J. Harder, M. Kistler, M. Kredler, S. Morgenroth, E.
Muehlbach, R. Pfeiffer, S. Rosenau and W. and H. Zoels for providing the bat carcasses. We also thank Ursula
Erikli for copyediting.

Author contributions

Conception and design of the project: C.K., K.M., G.W.,, A.K. Performing experiements: C.K., A.B., AR, KM,
G.W,, AK. Analysis and interpretation of research data: C.K., A.B., A.R., PW.D.,K.M., A.N.,, G.W,, A K. Drafting
or critically revising significant parts of the work: CK., A.B., AR., PW.D,, K.M,, AN, GW, AK.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

2 License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFIC REPORTS |

(2020) 10:1370 | https://doi.org/10.1038/s41598-020-58466-w


https://doi.org/10.1038/s41598-020-58466-w
https://doi.org/10.3390/v6083110
https://doi.org/10.3390/v6083110
https://doi.org/10.1016/j.virol.2013.03.014
https://doi.org/10.1128/jvi.06671-11
https://doi.org/10.1093/cid/cir776
https://doi.org/10.1371/journal.pone.0029773
https://doi.org/10.3201/eid2101.140766
https://doi.org/10.3201/eid2101.140766
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1038/nmeth.1923
https://doi.org/10.1038/nmeth.1923
https://doi.org/10.1101/gr.074492.107
https://doi.org/10.1038/nmeth.3176
https://doi.org/10.1038/nmeth.3176
https://doi.org/10.1093/bioinformatics/btm404
https://doi.org/10.1093/bioinformatics/btm404
https://doi.org/10.1038/nmeth.2109
https://doi.org/10.1093/bioinformatics/17.8.754
https://doi.org/10.1093/bioinformatics/17.8.754
https://doi.org/10.1016/j.coviro.2014.01.011
https://doi.org/10.1093/bioinformatics/bts199
https://doi.org/10.1371/journal.pntd.0001639
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Zwiesel bat banyangvirus, a potentially zoonotic Huaiyangshan banyangvirus (Formerly known as SFTS)–like banyangvirus in No ...
	Results

	Discussion

	Methods

	Study. 
	Methods. 

	Acknowledgements

	Figure 1 Phylogenetic analysis of the nucleotide sequence (6,022 nt) of the Zwiesel bat banyangvirus L segment).
	Figure 2 Phylogenetic analysis of the nucleotide sequence (3,094 nt) of the Zwiesel bat banyangvirus M segment.
	Figure 3 Phylogenetic analysis of the nucleotide sequence (1,793 nt) of the Zwiesel bat banyangvirus S segment.
	Table 1 Overview on bats used in the bat virome study, positive for Zwiesel bat banyangvirus.




