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Abstract: In the past ten years several novel hantaviruses were discovered in shrews, moles and 15 

bats, suggesting the dispersal of hantaviruses in many animal taxa other than rodents during their 16 
evolution. Interestingly, the co-evolutionary analyses of most recent studies have raised the 17 
possibility of non-rodents may have served as the primordial mammalian host and harboured the 18 
ancestors of rodent-borne hantaviruses as well. The aim of our study was to investigate the presence 19 
of hantaviruses in bat lung tissue homogenates originally collected for taxonomic purposes in 20 
Malaysia, 2015. Hantavirus specific nested RT-PCR screening of 116 samples targeting the L 21 
segment of the virus have revealed the positivity of two lung tissue homogenates originating from 22 
Murina aenea bat species. Nanopore sequencing of hantavirus positive samples resulted in partial 23 
genomic data from S, M and L genome segments. The obtained results indicate the first molecular 24 
evidence for hantavirus in Murina aenae bat species and also the first discovery of a hantavirus in 25 
Murina bat species. Sequence analysis of the PCR amplicon and partial genome segments suggests 26 
the identified virus may represent a novel species in Mobatvirus genus within Hantaviridae family. 27 
Furthermore, our results provide additional genomic data to help extend our knowledge about the 28 
evolution of these viruses. 29 
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 31 

1. Introduction 32 

Hantaviruses (Hantaviridae) cause two types of life-threatening human diseases, haemorrhagic 33 
fever with renal syndrome (HFRS) in Eurasia and hantavirus cardiopulmonary syndrome (HCPS) in 34 
the Americas [1]. To date, as a consensus, wild rodents were believed as natural hosts of hantaviruses. 35 
However, recent studies described several novel hantaviruses in shrews, moles and bats, suggesting 36 
the dispersal of hantaviruses in several animal taxa during their evolution [2]. To date, 10 bat-borne 37 
hantaviruses were described in different bat species from Hipposideridae, Rhinolophidae, 38 
Emballonuridae, Nycteridae, and Vespertilionidae families and only one from a flying fox species 39 
Geoffroy's rousette (Rousettus amplexicaudatus) [3-4]. 40 

Interestingly, phylogenetic analyses of most recent studies have raised the possibility of bats or 41 
other animals (shrews and moles) of the Laurasiatheria superorder may have served as the 42 
primordial mammalian host and harboured the ancestors of rodent-borne hantaviruses [3,5]. 43 
However, complex analyses for the genetic diversity and phylogeography of bat associated 44 
hantaviruses are tentative since complete genomic data is available only from Brno virus (BRNV), 45 
Dakrong virus (DKGV), Láibīn virus (LAIV), Quezon virus (QZNV) and Xuân Sơn (XSV) viruses. 46 
Unfortunately, in case of other bat-associated hantaviruses just partial genomic fragments are 47 
available manly from the conservative L segment hardening the implementation of evolutionary 48 
analyses [3-5]. 49 
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Here we present a presumably novel hantavirus tentatively named Mulu hantavirus (MUV) 50 
within Mobatvirus genera detected in Bonze tube nosed bat (Murina aenea) from Malaysia. Our partial 51 
sequences from the S, M and L segments may contribute to the filling of evolutionary gaps and may 52 
help to get closer to understand the evolution of hantaviruses. 53 

 54 

2. Materials and Methods  55 

2.1 Sample collection and nucleic acid extraction 56 

Lung tissue samples were collected in Gunung Mulu National Park and Gunung Gading National 57 
Park, Malaysia in 2015 (Figure 1). Bats were captured by mist nets and harp traps in their foraging 58 
habitats. After species identification, specimens which were taxonomically or phylogenetically 59 
important were anaesthetized and dissected on site. Tissue samples were stored and transported in Dry 60 
Shipper containing liquid nitrogen. Total RNA was extracted from lung tissues using QIAamp 61 
MinElute Virus Spin Kit (Qiagen). The field sampling was carried out according to widely approved 62 
ethical guidelines of handling mammalian species [6] with research permissions 63 
NCCD.907.4.4(JLD.12)-168, 422/2015 and DF.945.201(Jrd.5)-62, and export permit no. 16024, issued by 64 
the Controller of National Parks and Nature Reserves, Forest Department, Sarawak, Malaysia. 65 
 66 
2.2 PCR screening 67 
 68 

All samples were subjected to nested reverse transcription-PCR (RT-PCR) system using previously 69 
published, hantavirus-specific universal degenerated nested primer sets [7]. First round PCR reactions 70 
were performed by OneStep RT-PCR Kit (Qiagen) with the following cycling conditions: reverse 71 
transcription at 50°C for 30 min and 95°C for 15 min, then 40 cycles of denaturation at 94°C for 1 min, 72 
annealing at 53°C for 30 s, and elongation at 72°C for 1 min, and final elongation at 72°C for 10 min. 73 
Second round PCR reactions were performed using GoTaq G2 Flexi DNA Polymerase Kit (Promega) 74 
with an initial denaturation at 95°C for 5 min, 40 cycles of denaturation at 94°C for 1 min, annealing 75 
52°C for 45 s, and elongation at 72°C for 1 min, and final elongation at 72°C for 10 min. PCR products 76 
were sequenced bidirectionally using the BigDye Terminator v1.1 Cycle Sequencing Kit (Applied 77 
Biosystems) on the ABI Prism 310 genetic analyzer platform (Applied Biosystems). 78 

2.3 Metagenomic cDNA preparation and Nanopore sequencing 79 

Prior to Nanopore sequencing, lung tissue homogenates were exposed to enrichment protocol as 80 
detailed previously [8], followed by a ribodepletation procedure using The RiboMinus™ Eukaryote 81 
System v2 kit (Life Technologies. Complementary DNA (cDNA)). Samples were then subjected for 82 
Sequence Independent Single Primer Amplification (SISPA) approach [9]. cDNA amplification was 83 
performed by AMV Reverse Transcriptase (Promega) according to the provided manual by the 84 
manufacturers using FR26RV-N (5′-GCCGGAGCTCTGCAGATATCNNNNNN-3′) primer. Thereafter, 85 
ds cDNA was amplified by DreamTaq DNA Polymerase (Thermo Scientific) according to the supplied 86 
protocol using the FR20RV (5′-GCCGGAGCTCTGCAGATATC-3′) primer. Amplified cDNA was 87 
purified by NucleoSpin®  Gel and PCR Clean-up kit (Macherey-Nagel) and quantified using Qubit 88 
dsDNA BR Assay kit (Thermo Fisher Scientific). Libraries were prepared using the PCR Barcoding Kit 89 
(SQK-PBK004) and protocol by Oxford Nanopore Technologies. R9.4.1 flow cell and MinKNOW v2.0 90 
software were used for sequencing. As the first step of sequence data analysis, adapters were trimmed 91 
using Porechop v0.2.4 [10], with default settings. Reads with internal adapters, which were indicating 92 
chimera reads, were also splitted (--midle_treshold) with Porechop. For long read alignment, 93 
DIAMOND was used against the full NCBI NR database with the following options turned on: -F 15 --94 
range-culling [11]. Mobatvirus related sequences were extracted from the DIAMOND results, and we 95 
used these sequences for further analysis. 96 

 97 
2.4 In vitro virus propagation 98 
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 99 
Tadarida brasiliensis lung tissue cells (Tb1-Lu, ATCC®  CCL-88™) were maintained in EMEM 100 

(Lonza, Switzerland) supplemented with 10% Fetal Bovine Serum (Biosera, France) and 1% Penicillin-101 
Streptomycin (Lonza, Switzerland) at 37°C with 5% CO2 until 70% confluency in 24 well plate. 200 µl of 102 
supernatant from each hantavirus PCR positive lung tissue homogenate was placed on the cell 103 
monolayer and incubated for 1 h at 37°C. Thereafter, cells were supplemented with 1 ml of extra fresh 104 
medium and were monitored for cytopathogenic effect for 7 days post-infection. After 7 days, cells were 105 
frozen at -80°C and thawed, in order to lyse the cells and 200 µl of the inoculums was used for each 106 
additional passages from the previous plates. 107 

2.5 Phylogenetic analyses 108 

Phylogenetic tree reconstruction was implemented using MrBayes v3.2.4 software, with the 109 
GTR+G+I substitution model. Analysis settings were as follows: 10 million generations (25% 110 
discarded as burn-in), sampled every 1000 generations. The run was stopped after three and a half 111 
million generations when the standard deviation of split frequencies was 0.003. Trees were edited 112 
using the iTol online tool [12]. 113 

 114 

3. Results and Discussion 115 

3.1. Virus detection 116 

Hantavirus screening nested RT-PCR was carried out on 116 bat lung tissue samples 117 
representing 9 bat families, 15 genera and 33 species (Table S1). Hantavirus RNA was detected in two 118 
Bronze Tube-nosed Bat (Murina aenea) lung tissue samples from Gunung Mulu National Park, 119 
Malaysia (Figure 1.). Unfortunately, all attempts to amplify the complete genome of the three 120 
segments of this hantavirus failed, however we applied a combination of multiple primers (Table 1.) 121 
as were previously described [13-14]. The attempts to isolate the MUV on Tb1-Lu cell line have failed 122 
as well. After the 7th blind passage we could not detect hantavirus RNA in the supernatants of lysed 123 
cells by the previously mentioned nested RT-PCR system. The failure of complete genome 124 
amplification and isolation of the virus may be due to many factors such as the high level diversity 125 
of hantavirus sequences carried by bats, low virus titer in the examined organ or virus RNA 126 
degradation as a consequence of improper tissue preservation as it is suggested by previous studies 127 
[15, 3]. Despite, in vitro isolation of rodent-borne hantaviruses is well established on Vero E6 cells but 128 
newly identified hantaviruses carried by bats, insectivore and rodents remain uncultured due to the 129 
lack of host-derived cell lines [16]. Nanopore sequencing of MUV positive samples has revealed 130 
partial genome sequences of 671, 1326 and 677 nucleotides of the S, M and L segments respectively. 131 

 132 
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Figure 1. The distribution area of Bronze Tube-nosed Bat (Murina aenea) according to IUCN Red List is marked with red 133 
color. Collection sites for the study are marked with blue dots. 134 

 135 

Table 1. Oligonucleotide Primers used to amplify the complete S, M and L segments of Mulu hantavirus 136 

Genomic segment Primer name Primer sequence (5'-3') Reference 

S,M,L OSM55F TAGTAGTAGACTCC [13] 

S HVSF1 TAGTAGTAGACTCCTTRAARAGC 

[14] 

 
HVSR1906 TAGTAGTAKRCWCCYTRARAAG 

M HVMF1 TAGTAGTAGACWCCGCAAAAG 

 
HVMR3684 TAGTAGTATRCTCCGCARG 

L HVLF1 TAGTAGTAGACTCCRGA 

  HVLR6561 TAGTAGTAGTAKRCTCCGRGA 

3.2 Sequence and phylogenetic analysis 137 

Pairwise alignment of partial S, M and L sequences of MUV were compared to strains from 138 
Orthohantavirus, Mobatvirus, Loanvirus and Thottimivirus genera available in GenBank (Figure S1; 139 
Table S2). The partial S (671 nucleotides) and partial L (383 nucleotides) sequence of MUV displayed 140 
85.7% and 92.1% amino acid sequence similarity respectively against a Laibin virus strain (GenBank: 141 
MK393932) from Myanmar. The partial M (1326 nucleotides) sequence of MUV displayed 84.1% 142 
amino acid sequence similarity to another Laibin virus strain (GenBank: MK064115) from Myanmar. 143 
According to the currently recognized demarcation criterion of International Committee on 144 
Taxonomy of Viruses (ICTV) 7% difference in amino acid level of the nucleocapsid protein (NP) and 145 
glycoprotein precursor (GPC) is the limit to assign a hantavirus as a tentatively novel species. 146 
Although the complete genome could not be amplified, based on the sequence homology data we 147 
assume that MUV may represent a new hantavirus species within Mobatvirus genera. 148 

Maximum likelihood phylogenetic analysis of S, M and L segments of members of 149 
Orthohantavirus, Mobatvirus, Loanvirus and Thottimivirus (Table S2) genera have revealed MUV 150 
segregated into the clade of Mobatviruses where MUV is displaying a monophyletic group with Laibin 151 
virus. Analyses of all segments suggest that MUV shared a common ancestor with Laibin virus which 152 
is its currently known most close relative (Figure 2). 153 

 154 
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 155 

Figure 2. Maximum likelihood analysis of hantavirus S, M and L segments respectively, visualized by iTol online server. 156 
Mulu hantavirus reported in this study is highlighted with blue background. Branch color for Mobatviruses are highlighted 157 

with red, Loanviruses are highlighted with blue, Thottimiviruses are highlighted with green and Orthohantaviruses are 158 
highlighted with purple. 159 

4. Conclusions 160 

Among mammals, bats (Chiroptera) represent the second most diverse order with 161 
approximately 1400 species distributed throughout the world except the arctic areas [17]. To date, 162 
several evolutionary studies confirmed that bats represent the most ancestral hosts in case of many 163 
viruses and they are able to asymptomatically host a range of viruses including highly pathogenic 164 
zoonotic agents for humans and animals [18-19]. In the past decades, the growing tendency in the 165 
discovery of hantaviruses from bats and the conducted evolutionary analyses on them raised the 166 
possibility that bats may be the primordial host of ancient hantaviruses [3]. 167 

The tentatively novel member of the Mobatvirus genus, the MUV was isolated from a rare bat 168 
species, Murina aenea. This species has a limited distribution restricted to the Malayan Peninsula and 169 
Borneo [20]. The bats caught in the Gunung Mulu National Park represent new, unpublished records 170 
of the species and highlights the importance of studies on the bats of lowland primary forests 171 
following the concept of OneHealth studies. Murina aenea may be a foliage-dweller with very limited 172 
connection with other bat species. This latter information strengthens the hypothesis that bats served 173 
as primordial hosts of ancient hantaviruses since the chance for spillover event connected to this 174 
species in the past is very low. 175 

Supplementary Materials: The following are available online, Table S1: List of bat species examined in this study; Table S2: 176 
Hantavirus accession number list used for pair-wise alignment and phylogenetic analysis; Figure S1: Pair-wise alignment of 177 
S, M and L segments of viruses in Hantaviridae family. 178 

Author Contributions: Sample collection, taxonomical identification and dissection were made by G.C., T.G., F.A.A.K., 179 
N.F.D.A.T.; laboratory processes were made by B.Z., D.B., G.K., F.F.; preparation of Tb 1Lu cells was made by M.M and H.P; 180 
preparation of libraries for Nanopore sequencing was made by G.K. and G.E.T; data analysis of Nanopore sequencing was 181 
made by P.U. and R.H.; phylogenetic analysis and Pair-wise alignment were done by G.K. and S.Z.; writing - original draft 182 
preparation B.Z., G.K. ; supervision F.J., G.K., G.C., T.G.  183 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 August 2019                   doi:10.20944/preprints201908.0023.v1

Peer-reviewed version available at Viruses 2019, 11, 887; doi:10.3390/v11100887

https://doi.org/10.20944/preprints201908.0023.v1
https://doi.org/10.3390/v11100887


 6 of 7 

 

Funding: This research was funded by the Hungarian Scientific Research Fund OTKA K112440 and by the National Research, 184 
Development and Innovation Office (grant number KH129599). BZ was supported by Ú NKP-18-3 New National Excellence 185 
Program of the Ministry of Human Capacities. The project was supported by the European Union, and co-financed by the 186 
European Social Fund: Comprehensive Development for Implementing Smart Specialization Strategies at the University of 187 
Pécs (EFOP-3.6.1.- 16-2016-00004), and by the University of Pécs within the “Viral Pathogenesis” Talent Centre program. The 188 
research was financed by the Higher Education Institutional Excellence Programme of the Ministry for Innovation and 189 
Technology in Hungary, within the framework of the “Innovation for a sustainable life and environment” thematic 190 
programme of the University of Pécs (TUDFO/47138/2019-ITM).  191 

Acknowledgements: We would like to kindly thank the valuable help of the staff of University Malaysia Sarawak and Ellen 192 
McArthur during the fieldwork. 193 

Conflicts of Interest: The authors declare no conflict of interest. 194 
 195 
 196 

References 197 

1. Straková, P.; Dufkova, L.; Širmarová, J.; Salát, J.; Bartonička, T.; Klempa, B.; Pfaff, F.; Höper, 198 
D.; Hoffmann, B.; Ulrich, R.G.; Růžek, D. Novel hantavirus identified in European bat 199 
species Nyctalus noctula. Infect Genet Evol 2017, 48, 127-130.  200 

2. Holmes, E.C.; Zhang, Y.Z. The evolution and emergence of hantaviruses. Curr Opin Virol 201 
2015, 10, 27-33.  202 

3. Arai, S.; Aoki, K.; Sơn, N.T.; Tú, V.T.; Kikuchi, F.; Kinoshita, G.; Fukui, D.; Thành, H.T.; Gu, 203 
S.H.; Yoshikawa, Y.; Tanaka-Taya, K.; Morikawa, S.; Yanagihara, R.; Oishi, K. Đakrông virus, 204 
a novel mobatvirus (Hantaviridae) harbored by the Stoliczka's Asian trident bat (Aselliscus 205 
stoliczkanus) in Vietnam. Sci Rep 2019 15, 10239.  206 

4. Arai, S.; Taniguchi, S.; Aoki, K.; Yoshikawa, Y.; Kyuwa, S.; Tanaka-Taya, K.; Masangkay, J.S.; 207 
Omatsu, T.; Puentespina, R. Jr.; Watanabe, S.; Alviola, P.; Alvarez, J.; Eres, E.; Cosico, E.; 208 
Quibod, M.N.R.M.; Morikawa, S.; Yanagihara, R.; Oishi, K. Molecular phylogeny of a 209 
genetically divergent hantavirus harbored by the Geoffroy's rousette (Rousettus 210 
amplexicaudatus), a frugivorous bat species in the Philippines. Infect Genet Evol 2016 45, 26-211 

32.  212 
5. Witkowski, P.T.; Drexler, J.F.; Kallies, R.; Ličková, M.; Bokorová, S.; Maganga, G.D.; Szemes, 213 

T.; Leroy, E.M.; Krüger, D.H.; Drosten, C.; Klempa, B. Phylogenetic analysis of a newfound 214 
bat-borne hantavirus supports a laurasiatherian host association for ancestral mammalian 215 
hantaviruses. Infect Genet Evol 2016, 41, 113-119. 216 

6. Sikes, R.S. The Animal Care and Use Committee of the American Society of Mammalogists, 217 
2016 Guidelines of the American Society of Mammalogists for the use of wild mammals in 218 
research and education. Journal of Mammalogy 2016, 97, 663–688. 219 

7. Klempa, B.; Fichet-Calvet, E.; Lecompte, E.; Auste, B.; Aniskin, V.; Meisel, H.; Denys, C.; 220 
Koivogui, L.; ter Meulen, J.; Krüger, D.H.. Hantavirus in African wood mouse, Guinea. 221 
Emerg Infect Dis 2006, 12, 838-840.  222 

8. Conceição-Neto, N.; Zeller, M.; Lefrère, H.; De Bruyn, P.; Beller, L.; Deboutte, W.; Yinda, 223 
C.K.; Lavigne, R.; Maes, P.; Van Ranst, M.; Heylen, E.; Matthijnssens, J. Modular approach 224 
to customise sample preparation procedures for viral metagenomics: a reproducible 225 
protocol for virome analysis. Sci Rep 2015, 12, 16532. 226 

9. Song, D.H.; Kim, W.K.; Gu, S.H.; Lee, D.; Kim, J.A.; No, J.S.; Lee, S.H.; Wiley, M.R.; Palacios, 227 
G.; Song, J.W.; Jeong, S.T. Sequence-Independent, Single-Primer Amplification Next-228 
Generation Sequencing of Hantaan Virus Cell Culture-Based Isolates. Am J Trop Med Hyg 229 
2017, 96, 389-394.  230 

10. Wick RR. Porechop. 2018. https://github.com/rrwick/Porechop. 231 
11. Buchfink, B.; Xie, C.; Huson, D.H. Fast and sensitive protein alignment using DIAMOND. Nat 232 

Methods 2015, 12, 59–60. 233 

12. Letunic, I.; Bork, P. Interactive Tree Of Life (iTOL) v4: recent updates and new 234 
developments. Nucleic acids research, 2019, 47, W256–W259.  235 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 August 2019                   doi:10.20944/preprints201908.0023.v1

Peer-reviewed version available at Viruses 2019, 11, 887; doi:10.3390/v11100887

https://github.com/rrwick/Porechop.%20Accessed%20Nov%202017
https://doi.org/10.20944/preprints201908.0023.v1
https://doi.org/10.3390/v11100887


 7 of 7 

 

13. Kang, H.J.; Bennett, S.N.; Sumibcay, L.; Arai, S.; Hope, A.G.; Mocz, G.; Song, J.-W.; Cook, 236 
J.A.; Yanagihara, R. Evolutionary insights from a genetically divergent hantavirus harbored 237 
by the European common mole (Talpa europaea). PLoS ONE 2009, 4, e6149. 238 

14. Xu, L.; Wu, J.; He, B.; Qin, S.; Xia, L.; Qin, M.; Li, N.; Tu, C. Novel hantavirus identified in 239 
black-bearded tomb bats, China. Infect Genet Evol 2015, 31, 158-160. 240 

15. Sumibcay, L.; Kadjo, B.; Gu, S.H.; Kang, H.J.; Lim, B.K.; Cook, J.A.; Song, J.W.; Yanagihara, R. 241 
Divergent lineage of a novel hantavirus in the banana pipistrelle (Neoromiciananus) in Côte 242 
d'Ivoire. Virol J  2012, 26, 34. 243 

16. Eckerle, I.; Lenk, M.; Ulrich, R.G. More novel hantaviruses and diversifying reservoir hosts-244 
-time for development of reservoir-derived cell culture models?. Viruses 2014 26, 951-967.  245 

17. Teeling, E.C.; Springer, M.S.; Madsen, O.; Bates, P.; O'brien, S.J.; Murphy, W.J. A molecular 246 
phylogeny for bats illuminates biogeography and the fossil record. Science 2005, 307, 580-247 
584. 248 

18. Ahn, M.; Anderson, D.E.; Zhang, Q.; Tan, C.W.; Lim, B.L.; Luko, K.; Wen, M.; Chia, W.N.; 249 
Mani, S.; Wang, L.C.; Ng, J.H.J.; Sobota, R.M.; Dutertre, C.A.; Ginhoux, F.; Shi, Z.L.; Irving, 250 
A.T.; Wang, L.F. Dampened NLRP3-mediated inflammation in bats and implications for a 251 
special viral reservoir host. Nat Microbiol 2019, 5, 789-799. 252 

19. Brook, C. E.; Dobson, A. P. Bats as “special” reservoirs for emerging zoonotic pathogens. 253 
Trends in Microbiology 2015, 23, 172–180.  254 

20. Hutson, A.M., Kingston, T., Francis, C., Csorba, G. & Bumrungsri, S. 2008. Murina aenea. 255 
The IUCN Red List of Threatened Species 2008: e.T13936A4366971. 256 
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T13936A4366971.en. Downloaded on 20 257 
July 2019. 258 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 August 2019                   doi:10.20944/preprints201908.0023.v1

Peer-reviewed version available at Viruses 2019, 11, 887; doi:10.3390/v11100887

https://doi.org/10.20944/preprints201908.0023.v1
https://doi.org/10.3390/v11100887

