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            Abstract
Since 1814, when rubella was first described, the origins of the disease and its causative agent, rubella virus (Matonaviridae: Rubivirus), have remained unclear1. Here we describe ruhugu virus and rustrela virus in Africa and Europe, respectively, which are, to our knowledge, the first known relatives of rubella virus. Ruhugu virus, which is the closest relative of rubella virus, was found in apparently healthy cyclops leaf-nosed bats (Hipposideros cyclops) in Uganda. Rustrela virus, which is an outgroup to the clade that comprises rubella and ruhugu viruses, was found in acutely encephalitic placental and marsupial animals at a zoo in Germany and in wild yellow-necked field mice (Apodemus flavicollis) at and near the zoo. Ruhugu and rustrela viruses share an identical genomic architecture with rubella virus2,3. The amino acid sequences of four putative B cell epitopes in the fusion (E1) protein of the rubella, ruhugu and rustrela viruses and two putative T cell epitopes in the capsid protein of the rubella and ruhugu viruses are moderately to highly conserved4,5,6. Modelling of E1 homotrimers in the post-fusion state predicts that ruhugu and rubella viruses have a similar capacity for fusion with the host-cell membrane5. Together, these findings show that some members of the family Matonaviridae can cross substantial barriers between host species and that rubella virus probably has a zoonotic origin. Our findings raise concerns about future zoonotic transmission of rubella-like viruses, but will facilitate comparative studies and animal models of rubella and congenital rubella syndrome.
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                    Fig. 1: Geographical locations of viruses and their hosts.[image: ]


Fig. 2: Histopathology and immune reaction of RusV in the brain of a capybara, red-necked wallaby and donkey.[image: ]


Fig. 3: Evolutionary relationships among viruses.[image: ]


Fig. 4: Comparisons of the E1 envelope glycoproteins of RuV, RuhV and RusV.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 RNA in situ hybridization of RusV.
a–e, Detection of RusV RNA using in the brain tissues of a donkey (a), red-necked wallaby (b), capybara (c) and yellow-necked field mice (d, e). Chromogenic labelling (fast red) with probes against the NSP-coding region of RusV are visible in neuronal cell bodies (arrow) but not in adjacent glial cells (arrowhead). Scale bars, 50 μm. f, Negative control probe against the bacterial gene dapB, which encodes dihydrodipicolinate reductase. Lack of chromogenic labelling (fast red). Scale bar, 100 µm. All sections were counterstained with Mayer’s haematoxylin. RNAscope results were evaluated on at least three slides per animal, yielding comparable results in all cases. In situ hybridization was performed according to the manufacturer’s instructions, including a positive control probe against peptidylprolyl isomerase B (cyclophilin B) and a negative control probe against dihydrodipicolinate reductase (DapB). Evaluation and interpretation were performed by a board-certified pathologist (DiplECVP) with more than 13 years of experience.


Extended Data Fig. 2 Average substitution rates at non-synonymous and synonymous sites, and the ratio of dN/dS for aligned, concatenated amino acid sequences.
a–c, The average substitution rates at non-synonymous (dN; dashed lines) and synonymous (dS; grey lines) sites, and the ratio of dN/dS (solid lines) for aligned, concatenated amino acid sequences were compared for RuV and RuhV (a), RuV and RusV (b), and RuhV and RusV (c) using sliding windows (100-residue window length, 10 residue steps). Protein domains are labelled on the x axes. MT, methyltransferase; Y, Q and X, domains of unknown function; Pro, protease; Hel, helicase; RdRp, RNA-directed RNA polymerase; NT1, neutralizing epitope 1.


Extended Data Fig. 3 Phylogenetic analyses of the coding sequences of envelope glycoprotein E1, and the helicase and RNA-directed RNA polymerase p90.
a, b, Phylogenetic analyses of the coding sequences (CDS) of the envelope glycoprotein E1 (a) and the helicase and RNA-directed RNA polymerase p90 (b) of RuV, RuhV and RusV, including all sequences obtained in this study (GenBank accession numbers are listed in parentheses). Numbers above branches represent bootstrap values; scale bars indicate amino acid substitutions per site.


Extended Data Table 1 RusV in small mammals from northeastern GermanyFull size table


Extended Data Table 2 RusV distribution in tissues from zoo animalsFull size table


Extended Data Table 3 RusV distribution in tissues of A. flavicollisFull size table


Extended Data Table 4 Genomic features of RuhV and RusVFull size table


Extended Data Table 5 Conservation of B and T cell epitopes in E1 fusion proteinsFull size table


Extended Data Table 6 Immunohistochemical markers and applicationsFull size table
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