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Abstract 26 

Fruit bats serve as an important reservoir for many zoonotic pathogens, including Nipah 27 

virus, Hendra virus, Marburg virus and Lyssavirus. To gain a deeper insight into the virological 28 

characteristics, pathogenicity and zoonotic potential of bat-borne viruses, recovery of 29 

infectious viruses from field samples is important. Here, we report the isolation and 30 

characterization of a mammalian orthoreovirus (MRV) from a large flying fox (Pteropus 31 

vampyrus: P. vampyrus) in Indonesia, which is the first detection of MRV in Southeast Asia. 32 

MRV was recovered from faecal samples of three different P. vampyrus in Central Java. 33 

Nucleotide sequence analysis revealed that the genome of the three MRV isolates shared more 34 

than 99% nucleotide sequence identity. We tentatively named one isolated strain as MRV12-35 

52 for further analysis and characterization. Among 10 genome segments, MRV12-52 S1 and 36 

S4 which encode the cell-attachment protein and outer capsid protein, had 93.6 and 95.1% 37 

nucleotide sequence identities with known MRV strains, respectively. Meanwhile, the 38 

remaining genome segments of MRV12-52 were divergent with 72.9-80.7% nucleotide 39 

sequence identities. Based on the nucleotide sequence of the S1 segment, MRV12-52 was 40 

grouped into serotype 2, and phylogenetic analysis demonstrated evidence of past reassortment 41 

events. In vitro characterization of MRV12-52 showed that the virus efficiently replicated in 42 

BHK-21, HEK293T and A549 cells. In addition, experimental infection of laboratory mice 43 

with MRV12-52 caused severe pneumonia with 75% mortality. This study highlights the 44 

presence of pathogenic MRV in Indonesia, and which could serve as a potential animal and 45 

public health concern. 46 
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Introduction 50 

The outbreak of diseases originating from bats including severe acute respiratory 51 

syndrome coronavirus (SARS-CoV), SARS-CoV-2, Middle East respiratory syndrome 52 

coronavirus (MERS-CoV), Marburg and Nipah viruses has encouraged the search to identify 53 

new and novel viruses from bats that could potentially cause an epidemic or even a pandemic. 54 

Although numerous viral sequences have been identified from various species of bats 55 

worldwide; isolation of infectious viruses have been relatively unsuccessful. Genetic 56 

information of viruses detected from bats important for tracking their origins, evolution and 57 

geographical distribution, but not enough to evaluate their molecular and pathogenic properties. 58 

Thus, viral isolation from field samples remains essential to gain a deeper insight into the 59 

virological characteristics, and the zoonotic potential of bat-borne viruses [1].  60 

Fruit bats also serve as reservoirs of the viruses belonging to the genus Orthoreovirus 61 

(ORV), including Mammalian orthoreovirus (MRV), Nelson Bay Orthoreovirus (NBV) and 62 

Broome orthoreovirus (BrV) [2–12]. MRVs and NBVs are zoonotic viruses associated with 63 

gastrointestinal and respiratory tract diseases in humans; however, there is no evidence of any 64 

disease associated with BrV [12–19]. MRV was the first identified species of ORV and has 65 

emerged in a broad range of mammalian hosts, including humans, livestock, bats and wildlife  66 

[2, 17, 18, 20–29]. Moreover, it can persist in the environment and is frequently detected from 67 

sewage [30, 31]. MRV is a non-enveloped, wheel-like virion belonging to the subfamily 68 

Spinareovirinae, family Reoviridae. This contains 10 segments of double-stranded RNA which 69 

can be divided into 3 large segments (L1-L3), 3 medium segments (M1-M3) and 4 small 70 

segments (S1-S4). Based on neutralization and hemagglutination activities of the cell 71 

attachment protein encoded by the S1 segment, MRVs can be classified into 4 serotypes: Type 72 

1 Lang, Type 2 Jones, Type 3 Dearing and Type 4 Ndelle [32–34]. 73 



MRVs have been identified and isolated from various species of insectivorous bats in 74 

China, Japan, South Korea, Slovenia, Germany, Italy, Canada and the United States of America 75 

(USA) [24–26, 29, 35–40]. Bat MRVs displayed diverse genetic backgrounds and are classified 76 

into serotypes 1-3 [8, 24, 26, 29, 35, 38–41]. Genomic reassortment events occur in segmented 77 

viruses and are important in viral evolution and the emergence of virus reassortment strains. 78 

Most bat MRV genomes are related to those detected in humans, pigs and wildlife, suggesting 79 

cross-species transmission of the virus among these hosts, and is the basis for reassortment of 80 

genome segments with the other MRV strains [25, 26, 29, 35, 38, 39, 42]. Although many bat 81 

MRVs are closely related to human MRVs, evidence for spillover from bats to humans is still 82 

limited and needs to be further elucidated. 83 

There have been numerous reports on the identification of herpesviruses, parvoviruses, 84 

polyomaviruses, paramyxoviruses, coronaviruses and NBV from Indonesian fruit bats  [11, 43–85 

48]. Among these viruses, infectious herpesvirus and NBV were recovered from tissues and 86 

faeces of the bats [11, 48]. In the present study, we have conducted a virus isolation-based 87 

approach to identify infectious viruses and successfully isolated MRV from fecal samples of 88 

the large flying fox (Pteropus vampyrus) collected in Central Java, Indonesia. To characterize 89 

the genetic and virological properties of a representative isolate (MRV12-52), we then 90 

determined the whole genome sequence of MRV12-52 and examined growth efficiency in cell 91 

lines and the pathogenicity of MRV12-52 in laboratory mice.92 



Materials and Methods 93 

Bat sampling 94 

 Bat sampling was performed in Sumatra (Lima Puluh Kota), Java (Panjalu, Magelang 95 

and Surabaya) and Sulawesi (Popayato, Paguyaman, Sidrap and Soppeng), in Indonesia from 96 

2010 to 2014. Tissue samples were collected from bats euthanized with an overdose of 97 

ketamine and xylazine by veterinarians wearing personal protective equipment and were 98 

exported under the permission of the Directorate General of Livestock and Animal Health 99 

Services, Ministry of Agriculture, Republic of Indonesia. All samples were kept at -80oC and 100 

used for virus screening as described previously [46].  101 

 102 

Cells and viruses  103 

 Vero E6, Vero-expressing human TMPRSS2 (Vero T2), Vero T2-co-expressing human 104 

ACE2 (Vero T2-hACE2), Vero T2-co-expressing bat ACE2 and A549 cells were cultured and 105 

maintained in Dulbecco’s Modified Eagle Medium (DMEM) with 10% fetal bovine serum 106 

(FBS), 100 U/mL penicillin, and 100 μg/mL streptomycin. Caco-2 cells were grown in DMEM 107 

supplemented with 1% non-essential amino acid and 10% FBS in a collagen-coated plate, and 108 

HEK293T cells were cultured in high glucose DMEM with 10% FBS. BHK-21 cells were 109 

grown and maintained in Minimum Essential Medium (MEM) supplemented with 10%FBS. 110 

Vero T2-expressing Acerodon celebensis ACE2 (Vero T2-AcACE2) and Vero T2-expressing 111 

Dobsonia moluccensis ACE2 (Vero T2-DmACE2) that were generated for virus isolation were 112 

cultured in the same condition as Vero E6. All cells were cultured at 37oC with 5% CO2.  113 

The isolated viruses (MRV12-47, MRV12-48 and MRV12-52) were propagated in 114 

Vero T2-hACE2 or BHK-21 and the virus stocks were titrated by 50% tissue culture infectious 115 

dose (TCID50) or focus forming assay (FFA) using BHK-21 cells. 116 

 117 



Virus isolation 118 

 Faecal and lung samples of fruit bats were suspended in phosphate buffer saline at 10% 119 

w/v and homogenized using beads as described previously [11]. Throat swab samples were 120 

collected and kept in 1 ml of viral transport medium. The samples were centrifuged at 6,000 x 121 

g for 3 min and supernatants were filtered using Vivaclear mini clarifying filter 0.8 µm 122 

(Sartorius, Stonehouse, UK). Virus isolation was conducted in the biosafety level 3 facility at 123 

International Institute for Zoonosis Control, Hokkaido University. In brief, Vero T2-AcACE2, 124 

Vero T2-DmACE2 and Vero T2-hACE2 cultured in 12 well plates were inoculated with 20 µl 125 

of the suspensions. Cells were maintained in DMEM supplemented with 2% FBS, 2% 126 

antibiotic-antimycotic solution (Wako, Osaka, Japan) and gentamicin (25 μg/ml). Blind 127 

passage was performed twice after 7 days of culture. Cells were monitored daily for the 128 

appearance of cytopathic effects (CPEs) and the supernatants from cells showing CPEs was 129 

collected and kept at -80oC as master stocks of the isolated viruses.  130 

 131 

Identification of virus morphology by electron microscopy 132 

 The isolated viruses were propagated in Vero T2-hACE2 cells and pelleted by 133 

ultracentrifugation at 110,800 x g for 1.5 h with a 20% sucrose cushion and resuspended in 134 

PBS. The virus particles were fixed with 4% paraformaldehyde, loaded onto polyvinyl-coated 135 

nickel grids (Nissin EM, Tokyo, Japan) and negatively stained with 2% phosphotungstic acid 136 

solution (pH 5.8). The morphology of the isolated viruses was observed under a transmission 137 

electron microscope Hitachi HT7800 TEM (Hitachi Ltd., Ibaraki, Japan). 138 



High-throughput sequencing  139 

 Total RNA was extracted from the culture supernatant of cells infected with MRV12-140 

47, MRV12-48 and MRV12-52 with a High Pure Viral Nucleic Acid kit (Roche Diagnostics, 141 

Mannheim, Germany) and reverse transcribed into a double-strand cDNA using PrimeScript 142 

Double Strand cDNA Synthesis Kit (Takara Bio, Shiga, Japan). The sequence library was 143 

constructed using Nextera XT DNA Library Preparation Kit and sequenced on an Illumina 144 

MiSeq instrument (Illumina, San Diego, USA).  145 

 146 

Sequence and phylogenetic analysis  147 

The contigs of viral genome segments were recovered from high-throughput sequence 148 

reads by de novo assembly and mapped to reads approach using CLC Genomics Workbench 149 

20.1 (Qiagen, Venlo, Netherlands). For phylogenetic analysis, coding nucleotide sequences of 150 

the reference MRVs were obtained from the GenBank database. The reference sequences were 151 

aligned with MRV12-47, MRV12-48 and MRV12-52 sequences using MUSCLE alignment. 152 

General Time Reversible (GTR) with gamma-distributed with invariant sites (G+I) was used 153 

as a mathematical model for construction of maximum-likelihood tree of L1-L3, M1, M2 and 154 

S3, while the Tamura-Nei model with G+I was used to construct the phylogenetic tree of M3, 155 

GTR+G was used for the S1 and S2 trees, and Kimura 2 with G was used for the S4 tree. The 156 

algorithm was analyzed with a bootstrapping value of 1000 replicates. The trees were 157 

visualized using the Interactive Tree of Life (iTOL) version 6.8.1 [49]. 158 

 159 

Production of anti-MRV polyclonal antibody 160 

 Five-week-old female Hartley guinea pigs (Japan SLC Inc., Shizuoka, Japan) were 161 

intranasally inoculated with 2.5 x 106 TCID50 of MRV12-52. The animals were boosted twice 162 

with the same dose via intraperitoneal injection at 2 and 4 weeks after the first immunization. 163 



At 42 days post infection (dpi), the animals were euthanized by excessive isoflurane inhalation 164 

and blood was collected via cardiac puncture. After heat-inactivation at 56oC for 30 min, the 165 

sera were stored at -80oC and used as anti-MRV12-52 polyclonal antibody for virus titration 166 

by FFA, immunofluorescence assays (IFAs) and immunohistochemistry (IHC). 167 

 168 

Virus titration by FFA 169 

 The specimens were 10-fold serially diluted and inoculated onto monolayers of BHK-170 

21 cells cultured in 24 well plates. The plates were incubated at 37oC for 1 h and then cultured 171 

in DMEM containing 2% FBS and 0.8% methylcellulose. Cells were fixed with 10% buffered 172 

formalin at 36 hours post infection (hpi). Cells were blocked with 50% Block Ace (KAC, Kyoto, 173 

Japan) in PBS and then stained with 1:3,000 of guinea pig anti-MRV12-52 antibody and Alexa-174 

Fluor 488-conjugated goat anti-guinea pig IgG (Invitrogen; Thermo Scientific, Waltham, 175 

USA) as a secondary antibody. Cell nuclei were stained with Hoescht 33342 (Invitrogen). Viral 176 

antigen-positive foci were counted under a fluorescence microscope (IX73, Olympus, Tokyo, 177 

Japan). Virus titers were calculated as focus-forming units per milliliter (ffu/ml) based on the 178 

number of foci.  179 

 180 

Growth kinetics and immunofluorescence staining of MRV12-52 in cell lines 181 

 Vero E6, Vero T2, Vero T2-hACE2, BHK-21, A549, Caco-2 and HEK293T cells 182 

cultured in 12 well-plates were inoculated with MRV12-52 at a multiplicity of infection (MOI) 183 

of 0.01. Triplicate of cell culture supernatants were collected from each cell line at 0, 24, 48 184 

and 72 hpi and viral titers were examined by FFA as described above. 185 

For IFA, cells were inoculated with MRV12-52 at an MOI of 0.01 and cultured in 186 

maintenance media supplemented with 2% FBS. Cells were fixed at 48 hpi and stained with 187 



the same protocol as FFA. The merged images were prepared using CellSens Imaging Software 188 

(Olympus). 189 

 190 

Animal experiments 191 

 Four-week-old, female BALB/c mice (Japan SLC Inc.) were intranasally inoculated 192 

with 106 ffu of MRV12-52 in 50 µl PBS or PBS only as mock infection. For survival analysis 193 

(control; n=3, MRV12-52 inoculation; n=8), the body weight was monitored daily up to 14 dpi. 194 

The humane endpoint was established as body weight loss exceeding 20%. For virus 195 

quantification, mice (n=5) were sacrificed at 1, 3, 5 and 7 dpi, and the organs, including lung, 196 

liver, spleen, kidney and intestine were harvested in 3 ml of PBS. The lungs were collected in 197 

10% buffered formalin from 3 mice (n=3) at 3, 5 and 7 dpi for histopathological examination. 198 

 199 

Virus quantification in the organs of mice 200 

 The organs from mice were homogenized in PBS using a TissueRuptor (Qiagen). To 201 

examine viral RNA levels, total RNA was extracted from homogenized lung, liver, spleen, 202 

kidney and intestine with TRIzol LS reagent (Invitrogen) and Direct-Zol RNA MiniPrep kit 203 

(Zymo Research, Irvine, USA). Blood was collected into EDTA tube by cardiac puncture and 204 

subjected to RNA extraction using a High Pure Viral Nucleic Acid kit (Roche Diagnostics). 205 

Quantitative RT-PCR (qRT-PCR) assay was performed with THUNDERBIRD Probe One-206 

step qRT-PCR Kit (TOYOBO, Osaka, Japan). Primer and probe sequences for MRV12-52 L2 207 

segment werCCCGCGACTCCTGTATTATTC-3′, 5′-CACTGCCGACGATACTTCATAG-3′ 208 

and 5′-FAM-CGTCGCCTC-ZEN-ATGTGTGTC-IBFQ-3′. The expression levels of 209 

endogenous mouse beta-actin were quantified for normalization with Taqman mouse beta-actin 210 

Endogenous Control (Mm00607939_s1, Applied Biosystems; Thermo Scientific). The relative 211 

gene expression of the L2 segment was calculated by 2-ΔCt method. 212 



 To determine viral titers in organs, homogenized tissues were cleared by centrifugation 213 

and titrated by FFA as described above. 214 

 215 

Histopathological examination 216 

 The fixed lungs were processed for paraffin embedding and sectioned at 3 μm. The lung 217 

sections were deparaffinized and stained with Hematoxylin and Eosin (H&E) for 218 

histopathological examination. For IHC, the sections were deparaffinized and heated in citrate 219 

buffer for 3 min using a pressure cooker for antigen retrieval. The sections were stained with 220 

guinea pig anti-MRV12-52 polyclonal antibody (developed in this study), anti-CD3-ε (sc-1127, 221 

Santa Cruz Biotechnology, Dallas, USA), anti-Iba1 (019-19741, Fujifilm-Wako, Osaka, Japan) 222 

or anti-myeloperoxidase (MPO) (A039829-2; Dako; Agilent, Santa Clara, USA). 223 

Immunostaining was detected with the EnVision system peroxidase-labeled anti-rabbit 224 

immunoglobulin (Dako; Agilent) or VECTASTAIN ABC guinea pig IgG Kit (Vector 225 

Laboratories, USA) and then visualized using a Histofine diaminobenzidine substrate kit 226 

(Nichirei Biosciences, Tokyo, Japan). 227 

 228 

Nested RT-PCR screen of MRV genome in fecae samples 229 

 Total RNA was extracted from faecal samples of fruit bats (n=91) as described in the 230 

previous study [11] and examined for MRV genome by nested RT-PCR. Two primer sets were 231 

designed targeting S4 segment of the isolated MRV. The first round RT-PCR was conducted 232 

with PrimeScript II High fidelity RT-PCR kit (Takara Bio) using primers 55F; 5′-233 

AACGCTTTTGAAGGTCGTGTGTC-3′ and 1029R; 5′-GAGAGCAGCAGGAGTCAGTAC 234 

GATTG-3′. The second round PCR was performed with KOD One PCR Master Mix 235 

(TOYOBO) using 195F primer; 5′-ACGCAAGCTGAAACATTTGCCTCATC-3′ and 737R 236 

primer; 5′-ACCAACTCCTTTCTATATGCACGGCC-3′. PCR product with approximately 237 



543 bp in length was sequenced by Big Dye Terminator v3.1 Cycle Sequencing Kit (Applied 238 

Biosystems; Thermo Scientific). 239 

 240 

Statistical analysis and reproducibility 241 

 Data were analyzed and presented as the mean with standard deviation (SD). Statistical 242 

analysis was performed using Prism 8 (GraphPad Software, San Diego, CA). Survival analysis 243 

was performed using the Kaplan-Meier estimator. One-way ANOVA with Dunnett’s test was 244 

used to determine the statistical significance of gene expression in the mouse lungs. Two-way 245 

ANOVA with Turkey’s multiple comparisons was used to compare statistical differences 246 

between viral titers in Vero E6, Vero T2 and Vero T2-hACE2 cells at each time point. All 247 

experiments were repeated at least twice to ensure reproducibility. 248 

 249 

Results 250 

Virus isolation from Indonesian fruit bats (IFBs) and morphological identification 251 

 In this study, we initially intended to screen fruit bats collected in Indonesia for 252 

zoonotic coronaviruses using a virus isolation-based approach. Supernatants from 253 

homogenized lungs (n=167), faeces (n=91), and throat swabs (n=45) were inoculated into Vero 254 

T2-AcACE2, Vero T2-DmACE2, and Vero T2-hACE2 cells. After a second blind passage, 255 

CPEs with cell rounding and detachment were observed in Vero T2-hACE2 cells inoculated 256 

with faecal samples ID: IFB12-47, IFB12-48 and IFB12-52 that were collected from Pteropus 257 

vampyrus (P. vampyrus) in Magelang, Central Java in 2012 (Figure 1A and Table 1). We 258 

examined the morphology of the isolated virus by transmission electron microscope (TEM). 259 

Virus particles were approximately 80 nm in diameter, had a spherical wheel-liked shape, and 260 

exhibited a double-layered capsids, which are the typical characteristics of reovirus (Figure 261 

1B).  262 



Genetic characterization and phylogenetic analysis of the isolated viruses 263 

 We performed whole genome sequencing using next-generation high-throughput 264 

sequencing. According to BLAST searches, the nucleotide sequences of the isolated viruses 265 

were highly similar to those of MRVs. Complete genome sequences consisting of the coding 266 

region and the termini of 10 genome segments were obtained from the culture supernatants of 267 

Vero T2-hACE2 cells inoculated with faeces of IFB12-47, IFB12-48, and IFB12-52. We 268 

designated the three isolated viruses as MRV12-47, MRV12-48, and MRV12-52. Nucleotide 269 

sequences of the 10 segments were deposited in the DNA Data Bank of Japan (DDBJ) with 270 

accession numbers LC773568-LC773597 (Supplemental Table S1). A pairwise comparison of 271 

each genome segment of the three isolates showed more than 99% identity (Supplemental 272 

Table S2), indicating that all isolates are the same virus strain. In this study, we selected 273 

MRV12-52 as a representative isolate for further characterization. The sizes of each genome 274 

segment of MRV12-52 estimated by the result of high-throughput sequencing were L1, 3,854 275 

bp; L2, 3,915 bp; L3, 3,901 bp; M1, 2,304 bp; M2, 2,203 bp; M3, 2,241 bp; S1, 1,437 bp; S2, 276 

1,331 bp; S3, 1,198 bp and S4, 1,197 bp. A pairwise comparison of coding sequence of 10 277 

genome segments of MRV12-52 to the other known MRV strains demonstrated diverse 278 

nucleotide sequence identities ranging from 72.9 to 95.1% (Table 2). Gene encoding core 279 

structures including L1-L3, M1-M3, S2 and S3 had low nucleotide sequence identities (72.9% 280 

to 80.7%) to MRV strains isolated from pig, bat, human, and mink (Table 2). In contrast, the 281 

gene encoding the cell attachment protein (S1) was highly similar to MRV serotype 2 strain 282 

OV204 which was isolated from deer in the USA (93.6% identity) [42]. The gene encoding the 283 

major outer-capsid protein (S4) showed 95.1% nucleotide sequence identity with Osaka 1994 284 

strain, which was isolated from an infant with meningitis in Japan [20]. 285 

 L-class, M-class, S2 and S3 segments of the isolated MRVs formed distinct lineages 286 

from the other MRVs (Figures 2 and 3), while S1 and S4 segments were genetically close to 287 



most of the MRV strains (Figure 3). MRVs can be classified into 4 serotypes based on the 288 

nucleotide sequence of the S1 segment. Phylogenetic analysis of the S1 segment demonstrated 289 

that MRV12-47, MRV12-48 and MRV12-52 were assigned to serotype 2 (Figure 3). 290 

Analysis of MRV12-52 genome exhibited diverse nucleotide and amino acid sequences 291 

with the other MRV strains (Table 2). Especially, the M3 segment of MRV12-52 showed 292 

relatively low sequence identity with known MRVs. MRV M3 segment encodes the core non-293 

structural protein µNS. The C-terminal domain of µNS has been reported to associate with the 294 

viral RNA-dependent RNA polymerase λ3 and be essential for the formation of inclusion 295 

bodies termed virus factory-like structures (VFL) [50] (Figure 4A).  Consistent with the 296 

sequence diversity, multiple amino acid sequence alignment of µNS identified unique amino 297 

acid residues in µNS of MRV12-52 (Figure 4B), suggesting the unique evolutional background 298 

of MRV12-52. 299 

 300 

Prevalence of MRV in IFBs 301 

 We examined the prevalence of the isolated MRV using faecal samples of IFBs by 302 

nested RT-PCR targeting viral S4 genome segment. The viral genome was detected only in 3 303 

faecal samples of P. vampyrus (IFB12-47, IFB12-49, and IFB12-52), consisting of two samples 304 

positive for virus isolation (Supplemental Table S3). We note that our previous nested RT-305 

PCR screening using pan-orthoreovirus primer sets also detected no MRV in same bat RNA 306 

samples [11]. These results imply the low prevalence of MRV in Indonesian bats, but further 307 

investigations are needed to infer the prevalence of MRV in IFBs. 308 

 309 

Growth efficiency of MRV12-52 in cell lines 310 

 We examined the growth efficiency of MRV12-52 in Vero E6, BHK-21, A549, Caco-311 

2 and HEK293T cells which were inoculated at an MOI=0.01, and the viral titers in culture 312 



supernatants were quantified by FFA. In BHK-21, the titers of MRV12-52 were over 105 ffu/ml 313 

at 24 hpi and reached to 107 ffu/ml at 72 hpi (Figure 5A). HEK293T and A549 cells also 314 

supported the efficient proliferation of MRV12-52, while Vero E6 and Caco-2 cells were 315 

relatively less permissive to infection (Figure 5A). Immunofluorescence staining of MRV12-316 

52 antigens in each cell line at 48 hpi illustrated abundant viral antigens in BHK-21, HEK293T 317 

and A549 cells (Figure 5B), supporting the results of growth curve analysis. 318 

In this study, we isolated bat MRVs using Vero T2-hACE2 cells. To investigate the 319 

impact of TMPRSS2- and ACE2-expressions on MRV infection, we compared the growth 320 

efficiency of MRV12-52 in Vero E6, Vero T2 and Vero T2-hACE2. The titers of MRV12-52 321 

in Vero E6, Vero T2 and Vero T2-hACE2 were not significantly different at all time points 322 

(Figure 5C), indicating that the expression of TMPRSS2 and ACE2 in Vero cells did not 323 

enhance the growth of MRV12-52. 324 

 325 

Experimental infection of laboratory mice with MRV12-52 326 

 To investigate the infectivity and pathogenicity of MRV12-52, we examined viral loads, 327 

pathological changes and survival rates of BALB/c mice inoculated with MRV12-52 (Figure 328 

6A). The mortality rate caused by MRV12-52 in mice was 75% (Figure 6B). The mice showed 329 

body weight decreases from 6 to 7 dpi (Figure 6C). Six out of eight (75%) mice developed 330 

severe body weight loss and reached the endpoint at 7 or 8 dpi. Two (25%) mice decreased 331 

their body weight slightly but recovered from the infection.  332 

 Next, we examined the replication of MRV12-52 in blood and primary organs, 333 

including lung, liver, spleen, kidney, and intestine of mice. The viral titer in the lungs was 334 

significantly increased at 3 dpi and reached a peak at 5 dpi, thereafter the titer slightly declined 335 

at 7 dpi (Figure 6D). The virus titer was also detected in the intestine at 1 dpi and then 336 

diminished at 3, 5 and 7 dpi. However, the titers in the liver, spleen and kidney were below the 337 



limits of detection indicating that MRV12-52 replicated primarily in the lung and intestine 338 

(Figure 6D). Consistently, RNA of the viral L2 gene was abundant in the lung at 3 dpi and 339 

decreased at 5 and 7 dpi (Figure 6E). Viral RNA also detected in intestine from 1 dpi and 340 

gradually decrease in time-dependent manner. Low levels of viral RNA were detected in blood 341 

and other organs. 342 

           343 

Lung pathology of MRV12-52-infected mice  344 

To evaluate pathological changes caused by MRV12-52 infection, mice were sacrificed 345 

at 3, 5 and 7 dpi (Figure 6A). Hyperemia with edema were mainly observed at the right middle 346 

and inferior lobes of the lung of mice at 3 dpi. Lung pathology was shown to progress at 5 dpi 347 

and became more severe at 7 dpi with edema throughout the lungs (Figure 7A). Microscopic 348 

examination of the lung sections at 3, 5 and 7 dpi demonstrated diffuse inflammatory cell 349 

infiltration in the peribronchovascular area and alveolar space. Lymphocytic infiltration, 350 

interstitial pneumonia, and alveolar thickening were found in the lung at 5 and 7 dpi (Figure 351 

7B), concordantly with the gross appearance of MRV12-52 infected lungs (Figure 7A). To 352 

detect viral antigens by IHC, we prepared anti-MRV12-52 polyclonal antibody by immunizing 353 

guinea pigs with MRV12-52. Our IHC demonstrated that MRV12-52 antigen was found 354 

abundantly in alveolar epithelial cells at 3 and 5 dpi but was limited at 7 dpi (Figure 7C). 355 

Furthermore, we characterized inflammatory cells at 7 dpi by IHC with anti-CD3 antibody for 356 

T lymphocytes, anti-Iba1 antibody for macrophages and anti-MPO antibody for neutrophils. 357 

Iba1-positve macrophages were the major immune cells seen in the responses to MRV12-52 358 

infection. T lymphocytes were also found diffusely distributed in the alveolar space, while 359 

neutrophils were rarely detected (Figure 7D). 360 

 361 

Discussion 362 



 The emergence of bat ORVs has become a public health concern in the past few decades. 363 

Several bat ORVs belonging to NBV species, including Kampar, Melaka, Sikamat, Miyazaki-364 

Bali/2007, HK23629/07, HK46886/09 and HK50842/10 have been reported to cause acute 365 

respiratory tract infections in humans, especially in Malaysia and Indonesia, indicating the 366 

emergence of ORV spillover from bats to humans in Southeast Asia (SEA) region [13–16, 19]. 367 

Previously, we also have isolated NBV, named Paguyaman orthoreovirus (PgORV) from fruit 368 

bats in Indonesia [11]. Other ORV species MRV, have been widely reported from livestock, 369 

bats, wildlife, humans and environmental samples in many countries and regions, including 370 

China, Japan, Korea, Taiwan, Europe, Africa and America [2, 17, 18, 20–31]. However, there 371 

has been no reports on MRV in bats, wildlife, livestock or humans in the SEA region, while 372 

NBV has been detected sporadically in fruit bats and humans in several SEA countries 373 

including Malaysia, Indonesia and the Philippines. In the current study, we recovered 3 MRV 374 

isolates, MRV12-47, MRV12-48 and MRV12-52 from IFBs. This study is the first report on 375 

the isolation and characterization of MRV in the SEA region. 376 

Fruit bats belonging to the family Pteropodidae serve as natural reservoirs of NBV [5–377 

11, 51] In contrast, most MRVs have been identified and isolated from various species of 378 

insectivorous bats including, Rhinolophus spp., Myotis spp., Hipposideros spp., Pipistrellus 379 

spp., Vespertilio spp., Eptesicus spp., Lasiurus spp. and Lasionycteris spp., suggesting that 380 

insectivorous bats may play an important role as a main reservoir of bat MRVs [7, 24–26, 29, 381 

35, 36, 38–40]. In our study, we detected and recovered MRVs from faecal samples of large 382 

flying foxes (P. vampyrus). Moreover, another study has reported MRV isolated from short-383 

nosed fruit bats (Cynopterus sphinx) in China [2]. These findings indicated that fruit bats as 384 

well as insectivorous bats can harbor MRVs.  385 

Genes encoding core proteins, including L1-L3, M1, M3, S2 and S3 were highly 386 

conserved among MRVs with more than 85% of nucleotide sequence identity [21, 22, 24–26, 387 



30, 35]. Conversely, pairwise comparison of L1-L3, M1-M3, S2 and S3 segments of MRV12-388 

52 displayed low nucleotide sequence identities ranging from 73.3 to 80.8% to the closest MRV 389 

strains. Moreover, phylogenetic analysis of these segments displayed the unique lineage of 390 

MRV12-52 that was evolutionary distinct from the known MRV strains. Multiple sequence 391 

alignment of the representative core protein, µNS showed significant amino acid sequence 392 

differences between MRV12-52 and the prototype MRV strains at positions 471 to 721, where 393 

is the domain associated with VFL formation in MRV-infected cells. These data highlighted 394 

the unique genetic background of MRV12-52, the first MRV isolated from fruit bats in 395 

Indonesia. Because of MRVs have high diversity in their genome segments, the recent study 396 

on MRV genome constellations proposed that the genotypes of MRVs can be assigned to each 397 

segment and the minimum intragenotype sequence identities of each segment range from 77-398 

88% [52]. From our data, L2, M1 and M3 segments displayed sequence identities of 75.7, 73.3 399 

and 74.8%, respectively, suggesting that these segments of MRV12-52 may form unique 400 

genotypes from the other MRV strains. However, unfortunately these data are not sufficient to 401 

conclude whether such unique genome characteristics will be found in the other animals and 402 

humans in SEA. Continuing studies of genetic evolutions in bats, wildlife, livestock and 403 

humans will bridge the gap of knowledge and provide more information on the circulation and 404 

distribution of MRV in the SEA region. 405 

Reassortments were evident in several MRV strains [24, 25, 42, 53, 54]. In the present 406 

study, S1 and S4 segments of MRV12-47, MRV12-48 and MRV12-52 had high sequence 407 

identities with those of MRVs from deer (93.6%) and humans (95.3%), respectively. 408 

Phylogenetic analysis revealed that MRV12-47, MRV12-48 and MRV12-52 formed a cluster 409 

with known MRVs in the trees of the S1 and S4 segments but were segregated in the trees of 410 

L1, L2, L3, M1, M2, M3, S2 and S3 segments. These incongruences suggest past reassortment 411 

event(s) between the MRV12-47, MRV12-48 and MRV12-52 genomes and the other strains 412 



identified from deer and humans, implying cross-species transmission in bats, wildlife and 413 

humans.  414 

MRVs cause a variety of diseases depending on the host and virus strains. MRV 415 

serotype 3 has been reported to have high pathogenicity in pigs causing diarrhea and respiratory 416 

distress that affects animal production with subsequent economic loss [22, 23, 53, 55]. In 417 

humans, MRV infection results in asymptomatic or mild acute gastroenteritis [17, 18]. 418 

Occasionally, MRV can cause meningitis and encephalitis in children [20, 56, 57]. Although 419 

several MRV strains were identified in bats, there is little evidence for virus spillover from bats 420 

to humans. Only one MRV strain (SI-MRV01) which was highly similar to the MRV strain 421 

isolated from a bat in Germany (342/08) has been reported from an infant with gastroenteritis 422 

in Slovenia [17].  423 

At the beginning of this study, our virus isolation screening targeted sarbecoviruses and 424 

related viruses in IFBs. It has been reported that sarbecoviruses were successfully isolated from 425 

Rhinolophus cornutus using Vero cells stably expressing human TMPRSS2 and R. cornutus 426 

ACE2 (Vero-RcACE2 cells) [58]. These bat sarbecoviruses were not able to utilize human 427 

ACE2 as a receptor indicating the narrow host range [58]. Following the previous study, we 428 

established Vero cells co-expressing human TMPRSS2 and bat ACE2 (Vero T2-AcACE2 and 429 

Vero T2-DmACE2). Unfortunately, no coronaviruses were isolated in this study. 430 

In the present study, we evaluated the properties and pathogenicity of MRV12-52 by 431 

inoculating the virus into BALB/c mice. Our result demonstrated that MRV12-52 replicated 432 

efficiently in the lung and caused severe respiratory diseases in laboratory mice with a high 433 

mortality of up to 75%. Other studies by Jiang and Li et al. also showed that intranasal 434 

inoculation of mice with MRVs isolated from bats resulted in body weight loss and respiratory 435 

distress; however, the mortality rates varied from 0-50% depending on the virus strains and 436 



infectious doses [2, 59]. The respiratory tract and gastrointestinal tract are the main targets of 437 

MRV12-52 replication. The virus did not disseminate to other organs such as the liver, spleen 438 

or kidney. In contrast, WIV2, WIV3 and WIV7 strains isolated from insectivorous bats and the 439 

B/03 strain isolated from wild short-nosed fruit bats in China exhibited systemic infection 440 

involving the intestine, liver, spleen, brain, heart and kidney [2, 58], supporting the view that 441 

the infectivity and pathogenicity of MRV may depend on the virus strain. To assess the burden 442 

and zoonotic potential of the isolated MRVs, further epidemiological and virological studies 443 

should be performed in bat populations and humans in Indonesia. 444 

In conclusion, we have isolated MRVs from large flying foxes in Indonesia and this is 445 

the first report of MRV in the SEA region. Characterization of the isolated MRV (MRV12-52) 446 

suggested a unique evolutional history and the possible previous reassortment of S1 and S4 447 

segments with other MRVs. We also demonstrated that MRV12-52 causes lethal infection with 448 

severe pneumonia in laboratory mice. In future studies knowledge on virus characteristics, 449 

infectivity and pathogenicity will highlight the importance of MRV as a potential public health 450 

threat. Virus surveillance in bats, wildlife, livestock and humans are now needed be continued 451 

to better understand the evolution, distribution, transmission and the zoonotic potential of bat 452 

MRV in Indonesia and the SEA region.  453 

 454 

Declaration of interest statement 455 

The authors declare no competing interests. 456 

 457 

Ethical approval 458 

 Bat sampling was performed under permit number 05-2010 RSHP-IPB approved by 459 

the Animal Care and Use Committee of Veterinary Teaching Hospital, Bogor Agricultural 460 



University. Animal experiments with MRV had ethical approval from the Institutional Animal 461 

Care and Use Committee of Hokkaido University (approval number 20-0026). 462 

 463 

Funding information 464 

This study was supported in part by the Japan Society for the Promotion of Science (JSPS) 465 

KAKENHI under grant numbers 21K19619 and 21K05951; The Japan Agency of Medical 466 

Research and Development (AMED) grant number JP223fa627005 and JP23fk0108637; Japan 467 

Science and Technology Agency (JST) Moonshot R&D under Grant number JPMJMS2025. 468 

469 



References 470 

1. Letko M, Seifert SN, Olival KJ, Plowright RK, Munster VJ. Bat-borne virus diversity, spillover and 471 
emergence. Nat Rev Microbiol 2020; 18:461–471. 472 

2. Li Z, Liu D, Ran X, Liu C, Guo D, et al. Characterization and pathogenicity of a novel mammalian 473 
orthoreovirus from wild short-nosed fruit bats. Infect Genet Evol 2016; 43:347–353. 474 

3. Gard G, Compans RW. Structure and Cytopathic Effects of Nelson Bay Virus. J Virol 1970; 475 
6(1):100-6. 476 

4. Du L, Lu Z, Fan Y, Meng K, Jiang Y, et al. Xi River virus, a new bat reovirus isolated in southern 477 
China. Arch Virol 2010; 155:1295–1299. 478 

5. Taniguchi S, Maeda K, Horimoto T, Masangkay JS, Puentespina R, et al. First isolation and 479 
characterization of pteropine orthoreoviruses in fruit bats in the Philippines. Arch Virol 2017; 480 
162:1529–1539. 481 

6. Harima H, Sasaki M, Orba Y, Okuya K, Qiu Y, et al. Attenuated infection by a Pteropine 482 
orthoreovirus isolated from an Egyptian fruit bat in Zambia. PLoS Negl Trop Dis 2021;15:e0009768-. 483 

7. Hu T, Qiu W, He B, Zhang Y, Yu J, et al. Characterization of a novel orthoreovirus isolated from 484 
fruit bat, China. BMC Microbiol 2014; 14:293. 485 

8. Lorusso A, Teodori L, Leone A, Marcacci M, Mangone I, et al. A new member of the Pteropine 486 
Orthoreovirus species isolated from fruit bats imported to Italy. Infect Genet Evol 2015; 30:55–58. 487 

9. Pritchard LI, Chua KB, Cummins D, Hyatt A, Crameri G, et al. Pulau virus; a new member of the 488 
Nelson Bay orthoreovirus species isolated from fruit bats in Malaysia. Arch Virol 2006; 151:229–239. 489 

10. Takemae H, Basri C, Mayasari NLPI, Tarigan R, Shimoda H, et al. Isolation of Pteropine 490 
orthoreovirus from Pteropus vampyrus in Garut, Indonesia. Virus Genes 2018; 54:823–827. 491 

11. Intaruck K, Itakura Y, Kishimoto M, Chambaro HM, Setiyono A, et al. Isolation and 492 
characterization of an orthoreovirus from Indonesian fruit bats. Virology 2022; 575:10–19. 493 

12. Thalmann CM, Cummins DM, Yu M, Lunt R, Pritchard LI, et al. Broome virus, a new fusogenic 494 
Orthoreovirus species isolated from an Australian fruit bat. Virology 2010; 402:26–40. 495 

13. Chua KB, Voon K, Yu M, Keniscope C, Abdul Rasid K, et al. Investigation of a Potential Zoonotic 496 
Transmission of Orthoreovirus Associated with Acute Influenza-Like Illness in an Adult Patient. PLoS 497 
One 2011; 6:e25434-. 498 

14. Yamanaka A, Iwakiri A, Yoshikawa T, Sakai K, Singh H, et al. Imported case of acute respiratory 499 
tract infection associated with a member of species nelson bay orthoreovirus. PLoS One 2014; 500 
9:e92777–e92777. 501 

15. Chua KB, Voon K, Crameri G, Tan HS, Rosli J, et al., Identification and Characterization of a New 502 
Orthoreovirus from Patients with Acute Respiratory Infections. PLoS One 2008; 3:1–7. 503 

16. Chua KB, Crameri G, Hyatt A, Yu M, Tompang MR, et al. A previously unknown reovirus of bat 504 
origin is associated with an acute respiratory disease in humans. Proc Natl Acad Sci USA 2007; 505 
104:11424. 506 

17. Steyer A, Gutiérrez-Aguire I, Kolenc M, Koren S, Kutnjak D, et al. High similarity of novel 507 
orthoreovirus detected in A child hospitalized with acute gastroenteritis to mammalian orthoreoviruses 508 
found in bats in Europe. J Clin Microbiol 2013; 51:3818–3825. 509 

18. Rosa UA, Ribeiro G de O, Villanova F, Luchs A, Milagres FA de P, et al. First identification of 510 
mammalian orthoreovirus type 3 by gut virome analysis in diarrheic child in Brazil. Sci Rep 2019; 511 
9:18599. 512 

19. Wong AH, Cheng PKC, Lai MYY, Leung PCK, Wong KKY, et al. Virulence potential of fusogenic 513 
orthoreoviruses. Emerg Infect Dis 2012; 18:944–948. 514 

20. Yamamoto SP, Motooka D, Egawa K, Kaida A, Hirai Y, et al. Novel human reovirus isolated from 515 
children and its long-term circulation with reassortments. Sci Rep;10. Epub ahead of print 1 December 516 
2020. DOI: 10.1038/s41598-020-58003-9. 517 

21. Harima H, Sasaki M, Kajihara M, Gonzalez G, Simulundu E, et al. Characterization of mammalian 518 
orthoreoviruses isolated from faeces of pigs in Zambia. J Gen Virol 2020; 101:1027–1036. 519 

22. Zhang W, Kataoka M, Doan YH, Oi T, Furuya T, et al. Isolation and characterization of 520 
mammalian orthoreovirus type 3 from a fecal sample from a wild boar in Japan. Arch Virol 2021; 521 
166:1671–1680. 522 



23. Narayanappa AT, Sooryanarain H, Deventhiran J, Cao D, Venkatachalam BA, et al. A Novel 523 
pathogenic mammalian orthoreovirus from diarrheic pigs and swine blood meal in the United States. 524 
mBio 2015; 6:1–11. 525 

24. Yan X, Sheng J, Zhang C, Li N, Yi L, et al. Detection and Characterization of a Reassortant 526 
Mammalian Orthoreovirus Isolated from Bats in Xinjiang, China. Viruses 2022. DOI: 527 
10.3390/v14091897. 528 

25. Naglič T, Rihtarič D, Hostnik P, Toplak N, Koren S, et al. Identification of novel reassortant 529 
mammalian orthoreoviruses from bats in Slovenia. BMC Vet Res 2018. DOI: 10.1186/s12917-018-530 
1585-y. 531 

26. Wang L, Zheng B, Shen Z, Nath ND, Li Y, et al. Isolation and characterization of mammalian 532 
orthoreovirus from bats in the United States. J Med Virol 2023. DOI: 10.1002/jmv.28492. 533 

27. Yang DK, An S, Park Y, Yoo JY, Park YR, et al. Isolation and identification of mammalian 534 
orthoreovirus type 3 from a Korean roe deer (Capreolus pygargus). Korean J Vet Res 2021. DOI: 535 
10.14405/KJVR.2021.61.E13. 536 

28. Li Z, Shao Y, Liu C, Liu D, Guo D, et al. Isolation and pathogenicity of the mammalian orthoreovirus 537 
MPC/04 from masked civet cats. Infect Genet Evol 2015; 36:55–61. 538 

29. Yang X-L, Tan B, Wang B, Li W, Wang N, et al. Isolation and identification of bat viruses closely 539 
related to human, porcine and mink orthoreoviruses. J General Virol 2015; 96:3525–3531. 540 

30. Kitamura K, Takagi H, Oka T, Kataoka M, Ueki Y, et al. Intertypic reassortment of mammalian 541 
orthoreovirus identified in wastewater in Japan. Sci Rep 2021; 11:12583. 542 

31. Lim MCY, Wang YF, Huang SW, Yang JY, Wang JR. High Incidence of mammalian orthoreovirus 543 
identified by environmental surveillance in Taiwan. PLoS One 2015. DOI: 544 
10.1371/journal.pone.0142745. 545 

32. Dermody TS, Schiff LA, Nibert ML, Coombs KM, Fields BN. The S2 Gene Nucleotide Sequences 546 
of Prototype Strains of the Three Reovirus Serotypes: Characterization of Reovirus Core Protein sigma 547 
2. J Virol 1991; 65(11):5721-31. 548 

33. Breun LA, Broering TJ, McCutcheon AM, Harrison SJ, Luongo CL, et al. Mammalian reovirus 549 
L2 gene and λ2 core spike protein sequences and whole-genome comparisons of reoviruses type 1 550 
Lang, type 2 Jones, and type 3 Dearing. Virology 2001; 287:333–348. 551 

34. Attoui H, Biagini P, Stirling J, Mertens PPC, Cantaloube JF, et al. Sequence characterization of 552 
Ndelle virus genome segments 1, 5, 7, 8, and 10: Evidence for reassignment to the genus 553 
Orthoreovirus, family Reoviridae. Biochem Biophys Res Commun 2001; 287:583–588. 554 

35. Wang L, Fu S, Cao L, Lei W, Cao Y, et al. Isolation and Identification of a Natural Reassortant 555 
Mammalian Orthoreovirus from Least Horseshoe Bat in China. PLoS One 2015; 10:e0118598-. 556 

36. Ichikawa A, Katayama M, Lai H, Wataru S, Takenaka-Uema A, et al. Isolation and genetic 557 
characterization of a mammalian orthoreovirus from Vespertilio sinensis in Japan. Arch Virol 2023; 558 
168:165. 559 

37. Lo VT, Yoon SW, Noh JY, Jang SS, Na W, et al. Characterization of replication and variations in 560 
genome segments of a bat reovirus, BatMRV/B19-02, by RNA-seq in infected Vero-E6 cells. Arch 561 
Virol 2022; 167:2133–2142. 562 

38. Kohl C, Lesnik R, Brinkmann A, Ebinger A, Radonić A, et al. Isolation and Characterization of 563 
Three Mammalian Orthoreoviruses from European Bats. PLoS One 2012; 7:e43106-. 564 

39. Lelli D, Moreno A, Lavazza A, Bresaola M, Canelli E, et al. Identification of Mammalian 565 
Orthoreovirus Type 3 in Italian Bats. Zoonoses Public Health 2013; 60:84–92. 566 

40. Feng KH, Brown JD, Turner GG, Holmes EC, Allison AB. Unrecognized diversity of mammalian 567 
orthoreoviruses in North American bats. Virology 2022; 571:1–11. 568 

41. Matsumoto T, Sato M, Nishizono A, Ahmed K. A novel bat-associated circovirus identified in 569 
northern Hokkaido, Japan. Arch Virol 2019; 164:2179–2182. 570 

42. Ahasan MS, Subramaniam K, Sayler KA, Loeb JC, Popov VL, et al. Molecular characterization of 571 
a novel reassortment Mammalian orthoreovirus type 2 isolated from a Florida white-tailed deer fawn. 572 
Virus Res 2019. DOI: 10.1016/j.virusres.2019.197642. 573 

43. Sasaki M, Gonzalez G, Wada Y, Setiyono A, Handharyani E, et al. Divergent bufavirus harboured 574 
in megabats represents a new lineage of parvoviruses. Sci Rep 2016. DOI: 10.1038/srep24257. 575 

44. Kobayashi S, Sasaki M, Nakao R, Setiyono A, Handharyani E, et al. Detection of novel 576 
polyomaviruses in fruit bats in Indonesia. Arch Virol 2015; 160:1075–1082. 577 



45. Anindita PD, Sasaki M, Setiyono A, Handharyani E, Orba Y, et al. Detection of coronavirus 578 
genomes in Moluccan naked-backed fruit bats in Indonesia. Arch Virol 2015; 160:1113–1118. 579 

46. Sasaki M, Setiyono A, Handharyani E, Rahmadani I, Taha S, et al. Molecular detection of a novel 580 
paramyxovirus in fruit bats from Indonesia. Virol J 2012; 9:240. 581 

47. Wada Y, Sasaki M, Setiyono A, Handharyani E, Rahmadani I, et al. Detection of novel 582 
gammaherpesviruses from fruit bats in Indonesia. J Med Microbiol 2018; 67:415–422. 583 

48. Sasaki M, Setiyono A, Handharyani E, Kobayashi S, Rahmadani I, et al. Isolation and 584 
Characterization of a Novel Alphaherpesvirus in Fruit Bats. J Virol 2014; 88:9819–9829. 585 

49. Letunic I, Bork P. Interactive Tree Of Life (iTOL) v5: an online tool for phylogenetic tree display and 586 
annotation. Nucleic Acids Res 2021; 49:W293–W296. 587 

50. Miller CL, Arnold MM, Broering TJ, Hastings CE, Nibert ML. Localization of Mammalian 588 
Orthoreovirus Proteins to Cytoplasmic Factory-Like Structures via Nonoverlapping Regions of μNS. J 589 
Virol 2010; 84:867–882. 590 

51. Bennett AJ, Goldberg TL. Pteropine orthoreovirus in an Angolan soft-furred fruit bat (Lissonycteris 591 
angolensis) in Uganda dramatically expands the global distribution of an emerging bat-borne 592 
respiratory virus. Viruses 2020; 12(7):740. 593 

52. Diller JR, Thoner TW, Ogden KM. Mammalian orthoreoviruses exhibit rare genotype variability in 594 
genome constellations. Infect Genet Evol 2023. DOI: 10.1016/j.meegid.2023.105421. 595 

53. Wang L, Li Y, Walsh T, Shen Z, Li Y, et al. Isolation and characterization of novel reassortant 596 
mammalian orthoreovirus from pigs in the United States. Emerg Microbes Infect 2021; 10:1137–1147. 597 

54. Fukase Y, Minami F, Masuda T, Oi T, Takemae H, et al. Genetic diversity, reassortment, and 598 
recombination of mammalian orthoreoviruses from Japanese porcine fecal samples. Arch Virol 2022; 599 
167:2643–2652. 600 

55. Miyaoka Y, Kadota C, Kabir MH, Hakim H, Yamaguchi M, et al. Isolation, molecular 601 
characterization, and disinfectants susceptibility of swine-carried mammalian orthoreoviruses in Japan 602 
in 2020–2022. J Vet Med Sci 2023; 85:185–193. 603 

56. Tyler KL, Barton ES, Ibach ML, Robinson C, Campbell JA, et al. Isolation and Molecular 604 
Characterization of a Novel Type 3 Reovirus from a Child with Meningitis. J Infect Dis 2004; 605 
189(9):1664-75. 606 

57. Ouattara LA, Barin F, Barthez MA, Bonnaud B, Roingeard P, et al. Novel human reovirus isolated 607 
from children with acute necrotizing encephalopathy. Emerg Infect Dis 2011. DOI: 608 
10.3201/eid1708.101528. 609 

58. Murakami S, Kitamura T, Matsugo H, Kamiki H, Oyabu K, et al. Isolation of bat sarbecoviruses, 610 
Japan. Emerg Infect Dis 2022; 28(12):2500-2503. 611 

59. Jiang R-D, Li B, Liu X-L, Liu M-Q, Chen J, et al. Bat mammalian orthoreoviruses cause severe 612 
pneumonia in mice. Virology 2020; 551:84–92. 613 

614 



Figure legends  615 

Figure 1. Cytopathic effects (CPEs) and virion morphology of mammalian 616 

orthoreovirus isolated from Indonesian fruit bats (IFBs). (A) Vero T2-hACE2 cells were 617 

inoculated with mock (left panel) or a faecal suspension of IFB12-47. Scale bar = 100 μm.  618 

(B) Negatively stained electron micrograph of the isolated virus by transmission electron 619 

microscope. Scale bar = 100 nm.   620 

 621 

Figure 2. Phylogenetic analysis of large (L) and medium (M) segments of the isolated 622 

virus genomes. Coding nucleotide sequences of L1, L2, L3, M1, M2 and M3 segments of the 623 

reference mammalian orthoreoviruses (MRVs), MRV12-47, MRV12-48 and MRV12-52 624 

were aligned. Phylogenetic trees of each segment were constructed using the maximum 625 

likelihood method with bootstrap values of 1,000 replicates. The bootstrap values above 70 626 

were indicated in each branch. The scale bars represent the number of nucleotide 627 

substitutions per site. 628 

 629 

Figure 3. Phylogenetic tree of small (S) segments of the isolated viruses. Coding nucleotide 630 

sequences of S1, S2, S3 and S4 segments of MRV12-47, MRV12-48 and MRV12-52 were 631 

aligned with the reference MRVs. Phylogenetic trees of each segment were constructed using 632 

the maximum likelihood method with bootstrap values of 1,000 replicates. The bootstrap 633 

values above 70 were indicated in each branch. The scale bars represent the number of 634 

nucleotide substitutions per site. Serotypes of the MRVs were assigned based on the 635 

phylogenetic tree of the S1 segment. Serotypes 1, 2, 3 and 4 were highlighted in blue, yellow, 636 

purple and green colors, respectively.  637 

 638 



Figure 4. Multiple amino acid sequence alignment of viral µNS protein. (A) A schematic 639 

representation of µNS protein encoded by M3 segment of mammalian orthoreovirus. (B) 640 

Multiple comparisons of the 250 amino acids at the C-terminal of µNS. Amino acid sequences 641 

of  µNS of MRV12-52 and the other related strains were aligned using Clustal omega. The 642 

unique amino acids of MRV12-52 were highlighted in red color. 643 

 644 

Figure 5. Growth efficiency of MRV12-52 in cell lines. (A) Growth kinetics of MRV12-52 645 

in Vero E6, BHK-21, A549, Caco-2 and HEK293T cells. (B) Immunofluorescence staining of 646 

MRV12-52 in cell lines. Cells were inoculated with MRV12-52 at an MOI=0.01 and fixed at 647 

48 hpi. Cells were stained with anti-MRV12-52 polyclonal antibody for virus antigens (green) 648 

and Hoechst 33342 for cell nuclei (blue). Scale bars =200 µm. (C) Impact of exogenous 649 

expression of human TMPRSS2 and ACE2 on the growth kinetics of MRV12-52 in Vero E6 650 

cells. Vero T2, Vero E6 expressing human TMPRSS2; Vero T2-hACE2, Vero E6 co-651 

expressing human TMPRSS2 and ACE2. Cells were inoculated with MRV12-52 at an MOI of 652 

0.01. Virus titers in the culture supernatants at 0, 24, 48 and 72 hpi were examined by FFA. 653 

 654 

Figure 6. Replication and pathogenicity of MRV12-52 in laboratory mice. (A) Schematic 655 

overview of the experimental methods. Four-week-old, female BALB/c mice were intranasally 656 

inoculated with 106 ffu of MRV12-52 or PBS as control. A graphic photo was made in 657 

BioRender.com. (B) Kaplan-Meier survival analysis of mice infected with MRV12-52. A 658 

humane endpoint was considered when the mice showed more than 20% body weight loss. (C) 659 

Body weight change during the course of infection. (D) Virus titers in the lung, liver, spleen, 660 

kidney and intestine of mice at the indicated time points. (E) Viral RNA levels in organs and 661 

blood of MRV12-52 inoculated mice. Data were normalized to the mRNA levels of mouse β-662 



actin (ACTB) and the relative expression of the L2 gene was calculated by the 2-∆Ct method. 663 

One-way ANOVA with Dunnett’s multiple comparisons was used to determine the statistical 664 

significance of differences in viral titers and viral RNA levels between 1 dpi, 3 dpi, 5 dpi and 665 

7 dpi. *, p < 0.01; **, p <0.001, ***, p <0.0002; ****, p <0.0001. 666 

 667 

Figure 7. Pathological changes in the lungs of MRV12-52 infected mice. Lungs were 668 

collected from mice at 3, 5 and 7 dpi of MRV12-52 for the pathological examination. (A) Gross 669 

appearance of the lungs of mice inoculated with MRV12-52 or control PBS. (B) 670 

Histopathological images of the lung section by H&E staining. (C) Detection of MRV12-52 671 

antigen in the lungs by IHC. Lung sections were stained with anti-MRV12-52 polyclonal 672 

antibody and counterstained for cell nuclei with Hematoxylin. (D) H&E staining and IHC on 673 

serial sections of the lung at 7 dpi. For IHC, the sections were stained for MRV12-52, CD3 for 674 

T lymphocytes, Iba1 for macrophages, and MPO for neutrophils Scale bars in each image was 675 

indicated as 1 mm or 100 µm. 676 



 Table 1. Results of virus isolation from specimens of Indonesian fruit bats 677 

aPteropus sp.; bat genetically closely related to P. hypomelanus 678 

679 

Location Region Year Bat species Virus isolation (positive/total) 
 Lung Throat swab Faeces 

       
Panjalu West Java 2010 Pteropus vampyrus 0/15 - - 

Lima Puluh Kota West Sumatra 2011 Pteropus vampyrus 0/20 - - 
Popayato North Sulawesi 2011 aPteropus sp. 0/4 - - 

Paguyaman North Sulawesi 2011 Pteropus sp. 0/23 - - 
  2012 Pteropus sp. 0/2 - 0/2 
   Dobsonia moluccensis 0/17 - 0/17 
   Acerodon celebensis 0/18 - 0/18 
  2013 Pteropus sp. 0/8 0/8 0/6 
   Acerodon celebensis 0/15 0/15 0/4 

Surabaya East Java 2012 Pteropus vampyrus 0/3 - 0/3 
Magelang Central Java 2012 Pteropus vampyrus 0/20 - 3/19 
Soppeng South Sulawesi 2014 Pteropus sp. 0/7 0/7 0/7 
Sidrap South Sulawesi 2014 Pteropus sp. 0/15 0/15 0/15 

       
Total    0/167 0/45 3/91 

       



Table 2. Pairwise comparison of coding nucleotide sequence and amino acid sequence of 10 genome segments of MRV12-52 with the prototype, 680 
human, pig, bat, and wildlife MRVs 681 

 aNA; sequence is not available, Number in bold refer to the highest nucleotide sequence identity to those of MRV12-52 and its amino acid sequence identity in parenthesis  682 

 
 

MRV12-52 

Nucleotide and amino acid sequence identity 
Prototype strains                  Human                 Pig    Bat   Wildlife  

Lang Jones Dearing Ndelle  SI-MRV08 Osaka 1994 4476 CH/Gx/PReo Kansas40 YN2012  SD-14 OV204 
               

L1 (λ3) 75.8 (91.9) 74.5 (91.0) 75.8 (92.4) 75.6 (91.9)  73.9 (91.1) 76.5 (92.7) 76.0 (92.3) 76.7 (92.9) 76.6 (92.5) 76.0 (92.7)  76.4 (92.8) 76.4 (92.7) 
L2 (λ2) 73.3 (88.1) 73.0 (87.3) 75.2 (89.5) aNA  73.0 (87.0) 73.5 (88.1) 73.8 (87.4) 73.6 (87.4) 75.3 (89.1) 74.6 (89.4)  73.4 (88.3) 73.1 (88.3) 
L3 (λ1) 77.1 (96.1) 77.4 (95.5) 76.8 (96.1) NA  77.5 (95.3) 77.3 (96.6) 76.7 (95.9) 77.1 (96.0) 77.3 (96.6) 77.2 (96.0)  77.4 (96.7) 77.2 (96.8) 

               
M1 (µ2) 72.9 (82.9) 71.4 (80.6) 72.6 (82.5) NA  69.9 (80.0) 72.4 (82.5) 72.1 (82.3) 71.6 (81.7) 72.6 (82.7) 71.9 (81.9)  71.9 (82.3) 72.1 (83.6) 
M2 (µ1) 79.0 (97.6) 78.2 (97.2) 79.0 (97.0) 79.3 (98.2)  77.8 (96.9) 80.3 (97.5) 79.0 (97.0) 78.9 (96.6) 79.3 (97.7) 80.2 (97.0)  80.7 (97.7) 80.3 (97.6) 

M3 (µNS) 72.7 (83.8) 70.5 (80.3) 72.2 (83.8) NA  71.6 (80.8) 72.8 (83.9) 71.6 (83.1) 72.6 (82.9) 72.9 (83.1) 72.8 (83.9)  72.2 (83.9) 71.7 (83.1) 
               

S1 (σ1) 57.1 (51.8) 61.7 (62.8) 38.0 (25.7) 37.2 (24.2)  60.1 (60.8) 70.8 (74.6) 36.9 (24.5) 65.3 (68.8) 56.9 (52.2) 91.6 (95.2)  38.0 (21.3) 93.6 (97.0) 
S2 (σ2) 77.7 (95.9) 77.2 (94.3) 78.5 (95.5) 76.7 (94.0)  77.5 (93.8) 76.8 (95.7) 76.7 (95.2) 77.1 (95.5) 77.7 (95.9) 77.5 (95.7)  77.0 (95.9) 76.1 (95.9) 

S3 (σNS) 77.5 (89.6)  74.8 (86.1) 76.1 (89.9) NA  74.8 (87.2) 77.2 (90.4) 77.8 (91.0) 76.5 (90.4) 76.7 (90.2) 77.8 (91.0)  77.2 (90.2) 76.3 (89.6) 
S4 (σ3) 87.0 (96.2) 80.0 (91.2) 87.5 (96.4) 89.7 (95.8)  80.4 (90.7) 95.1 (98.4) 76.2 (86.0) 77.5 (85.8) 92.5 (97.0) 91.1 (97.3)  93.6 (97.8) 93.7 (97.8) 
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