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Reemergence of Lymphocytic 
Choriomeningitis Mammarenavirus, 

Germany 
Appendix 

Methods 

Pathology and Epidemiology 

In late 2021, an adult golden lion tamarin (Leontopithecus rosalia) from a German zoo 

was found unresponsive and later succumbed to illness. A subsequent necropsy of the monkey at 

the Landeslabor Hessen revealed localized necrotizing hepatitis, low-grade lymphocytic 

meningitis, interstitial nephritis and interstitial non-inflammatory pneumonia with localized 

haemorrhages. Tissues were collected and the initial diagnosis of LCMV was given. Tissue 

samples were then sent to the Friedrich-Loeffler-Institut (FLI) for further investigation. 

To determine whether wild house mice (Mus musculus) were harboring and potentially 

spreading LCMV, mice - collected during routine pest management from sites throughout the 

zoo (2021–2022) - were frozen at −20°C and sent to the FLI for investigation. Furthermore, mice 

collected from the same zoo in 2009, stored at −20°C, were also sent to the FLI for investigation. 

The mice were then thawed at 4°C and dissected under Biosafety level 3 conditions. 

Nucleic Acid Analyses 

Nucleic acids were isolated from homogenized brain, liver or kidney tissue using 

NucleoMag® VET (Macherey-Nagel, Düren, Germany), per kit instructions, on a KingFisher 

Flex Purification System (Thermo Fisher Scientific, Waltham, MA, USA). A one-step RT-PCR 

was performed using SuperScript III RT-PCR Kit (Qiagen, Hilden, Germany) and arenavirus 

primers, as described in Vieth et al. (1). The products were then resolved by agarose gel 

electrophoresis (~340 nt segment). BigDye Terminator v1.1 Cycle Sequencing Kit (Applied 

Biosystems, Waltham, MA, USA) was then used to amplify DNA, which was purified using 

NucleoSEQ® Columns (Macherey-Nagel, Düren, Germany), and used for Sanger sequencing. 
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By comparing partial sequences (obtained as above, uploaded to GenBank with accession 

numbers OP938541 – OP938568) from the mice to that from the golden lion tamarin, a mouse 

with the most similar and a mouse with the most dissimilar sequences were selected for detailed 

investigation via high-throughput sequencing (HTS). Brain tissue from the golden lion tamarin 

and kidney tissue from the two mice were used for HTS. Library preparation and HTS was done 

as detailed described by Pfaff et al. 2022 (2). The taxonomic identification tool RIEMS (3) was 

used for initial detection of potential pathogens contained in the datasets. Full coding sequences 

of the LCMV L- and S-segments from the golden lion tamarin (accession numbers OP958777 

and OP958778, respectively) and both mice (accession numbers OP958779 - OP958782) were 

then obtained using de novo assembly with the Genome Sequencer software suite (version 2.6; 

Roche). 

Mice were identified to species level using cytochrome b mitochondrial DNA sequences, 

as described in (4). Subspecies differentiation was done based on mitochondrial d-loop sequence 

analysis as described previously by Linnenbrink et al. 2013 (5). 

Phylogenetic Analyses 

Sequences were aligned in BioEdit (6) using the ClustalW algorithm, and identified using 

BLAST (NCBI (7)). For the ~340 nt L-segment sequences obtained from the mice, a neighbor-

joining tree (Mega11 (8)) was constructed to identify clades within all L-segment sequences. 

For the full coding region sequences obtained via HTS, JModelTest2 (9,10) was used to 

determine the best-fit nucleotide substitution model. The best-fit model for all genes (L, GP and 

NP) was general time reversible (GTR) with a proportion of invariable sites and gamma 

distribution. Phylogenetic trees were obtained using Bayesian inference in MrBayes v.3.2.7 (11). 

Twenty million generations were run with trees sampled every 100 generations. The first 25% 

were discarded as burn-in. 
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Appendix Figure. Phylogeny of the nucleotide sequences of lymphocytic choriomeningitis virus (LCMV) 

encoding (A) glycoprotein and (B) nucleoprotein identified in Germany (blue arrows) and reference 

sequences, constructed by using Bayesian inference. Lunk virus from Mus minutoides mice was used as 

an outgroup. Sequence names are comprised of, if known, the GenBank accession number, strain name, 

host species and country of origin. Countries are represented by their ISO code. Roman numerals (I-IV) 

represent the different virus lineages as defined according to Albariño et al. 2010 (1). “WE” and 

“Armstrong” are laboratory strains of LCMV. Mm = Mus musculus, Mmm = Mus musculus musculus, 

Mmd = Mus musculus domesticus, AU = Australia, BG = Bulgaria, CN = China, CZ = Czech Republic, 

DE = Germany, ES = Spain, FR = France, GA = Gabon, GF = French Guiana, JP = Japan, 

SK = Slovakia, U.S. = USA, YU = former Yugoslavia. 
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