
Lymphocytic choriomeningitis mammarenavirus 
(LCMV) is an enveloped virus with a bisegment-

ed genome of single-stranded, ambisense RNA (1). 
The small (S) segment of ≈3,400 nt encodes structural 
components, including the glycoprotein (GP) and 
nucleocapsid protein (NP), whereas the large (L) seg-
ment of ≈7,200 nt encodes the L (RNA polymerase) 
and Z proteins (1,2). First identified in St. Louis, Mis-
souri, USA, in 1933 (3), LCMV is a zoonotic pathogen 
transmitted through contact with excreta and secre-
tions of infected house mice (Mus musculus), the res-
ervoir host (4). More recently, LCMV RNA was also 
detected in wild wood mice (Apodemus sylvaticus) 
from Spain (5).

In humans, LCMV can cause symptoms rang-
ing from influenza-like illness to meningitis and en-
cephalitis (6). Infection during pregnancy may lead 
to neurologic and developmental problems in infants 

(7). New World primates (family Callitrichidae) are 
also susceptible to infection, resulting in callitrichid 
hepatitis, a lethal infection exhibiting histopathologic 
lesions in the brain, liver, and lymphoid tissues (8).

During 1968–1973, a total of 48 human cases of 
LCMV infection were reported in Germany, many 
of which originated from pet hamsters (Mesocricetus 
auratus) (6,7,9). Thereafter, 6 prenatal or postnatal in-
fections were reported during 1991–1997 in Germany, 
most of which were believed to have originated from 
pet rodents (10). During 1999–2000, a total of 4 callit-
richid hepatitis cases were reported in Germany: 1 in 
a Goeldi’s monkey (Callimico goeldii) and 3 in pygmy 
marmosets (Cebuella pygmaea) (8).

Very little is known on the distribution and 
prevalence of LCMV in mice from Germany, the 
most comprehensive study being from Ackermann 
et al. (11) in 1964, which only surveyed the west-
ern federal states of Germany (former West Ger-
many). That study found the highest prevalence 
among house mice in North Rhine–Westphalia, in 
the western part of West Germany. Most recently, 
Fornůsková et al. (12) screened nearly 800 mice from 
the Czech Republic and eastern Germany sampled 
during 2008–2019 but detected LCMV-positive mice 
only in the Czech Republic.

Four lineages of LCMV are recognized (I–IV). 
Lineages I and II are the most common sequences 
worldwide. Lineage III consists of a single strain from 
Georgia, USA. Only S-segment sequences exist for 
lineage IV, entirely comprising sequences obtained 
from wood mice (Apodemus sylvaticus) from Spain. 
Fornůsková et al. (12) recently proposed that LCMV 
lineages I and II are host-specific, whereby lineage I is 
harbored by the house mouse subspecies M. m. domes-
ticus and lineage II by the subspecies M. m. musculus. 
This hypothesis is of particular importance in Europe 
because M. m. domesticus and M. m. musculus meet 
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Lymphocytic choriomeningitis mammarenavirus (LCMV) 
is a globally distributed zoonotic pathogen transmitted 
by house mice (Mus musculus). We report the reemer-
gence of LCMV (lineages I and II) in wild house mice (Mus 
musculus domesticus) and LCMV lineage I in a diseased 
golden lion tamarin (Leontopithecus rosalia) from a zoo 
in Germany.



DISPATCHES

in the house mouse hybrid zone, a ≈2,500-km-long 
stretch from Scandinavia to the Black Sea. The hybrid 
zone acts as a barrier to gene flow and the spread of 
pathogens between the subspecies (12,13), and, as a 
consequence, M. m. domesticus populations in Germa-
ny would be expected to harbor only lineage I.

Although house mice are strongly associated 
with human settlements, LCMV surveillance in wild 

mice in Europe is lacking. This study examines the re-
emergence of LCMV in a golden lion tamarin (Leonto-
pithecus rosalia; family Callitrichidae) and wild house 
mice (M. m. domesticus) from a zoo in Germany.

The Study
In late 2021, an adult golden lion tamarin from a zoo 
in western Germany died (Appendix, https://ww-
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Figure. Phylogeny of the L protein encoding nucleotide sequences of lymphocytic choriomeningitis virus (LCMV) 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 the GenBank accession number, strain name, host species and country of origin 
(wherever known). Countries are represented by their International Organization for Standardization code (AU, Australia; BG, Bulgaria; 
CN, China; DE, Germany; ES, Spain; FR, France; GA, Gabon; GF, French Guiana; JP, Japan; SK, Slovakia; US, USA; YU, former 
Yugoslavia). Roman numerals (I–IV) represent the different LCMV lineages defined according to Albariño et al. (2); WE and Armstrong 
refer to laboratory strains of LCMV. Mm, Mus musculus; Mmm, Mus musculus musculus; Mmd, Mus musculus domesticus.
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wnc.cdc.gov/EID/article/29/3/22-1822-App1.pdf). 
On the basis of the symptoms and an initial diag-
nosis by the Hessian State Laboratory (Landeslabor 
Hessen, Giessen, Germany), we conducted further 
screening for LCMV. The Hessian State Laboratory 
and the zoo sent tissue samples from the golden lion 
tamarin and wild mice from the zoo (taken in 2009, 
2021, and 2022) to the Friedrich-Loeffler-Institut 
(Greifswald–Insel Riems, Germany) for molecular 
and epidemiologic investigations. We extracted and 
screened nucleic acids for LCMV using conventional 
reverse transcription PCR (14). We detected LCMV 
RNA in the brain of the golden lion tamarin and in 
the kidneys of 55% of wild house mice (M. m. domes-
ticus) from 2021 and 2022 (n = 53) but not in any of 
the house mice from 2009 (n = 82). On the basis of 
≈340 nt sequences from the L segment of the virus 
(GenBank accession nos. OP938541–68), we selected 
2 mice with the most dissimilar LCMV sequences 
and, together with brain tissue from the diseased 
golden lion tamarin, used them for high-throughput 
sequencing of complete genomes (GenBank acces-
sion nos. OP958777–82) (Appendix).

We used the new complete coding-region se-
quences (L, GP, and NP) together with all published 
LCMV genomes to reconstruct phylogenetic trees us-
ing the general time reversible substitution model with 
invariable sites and gamma distribution (MrBayes 
3.2.7, https://nbisweden.github.io/MrBayes) (15). 
LCMV sequences of the full coding regions of the L, 
NP, and GP proteins were almost identical between 
the golden lion tamarin and 1 of the mice, forming a 
monophyletic clade within LCMV lineage II (Figure; 
Appendix Figure). The sequences obtained from the 
other mouse fell within lineage I (Figure; Appendix 
Figure). According to the L segment sequences (≈340 
nt) obtained from the remaining 27 LCMV-positive 
mice, both lineages were nearly equally represented 
in the zoo population (lineage I for 16 mice, lineage II 
for 11 mice).

We obtained sequences from the mitochondrial 
DNA d-loop of all LCMV-positive mice and several 
LCMV-negative mice from 2009 (n = 32), 2021 (n = 
12), and 2022 (n = 41). All those sequences identified 
exclusively the house mouse subspecies M. m. domes-
ticus (data not shown).

Conclusions
The high similarity between LCMV lineage II in a 
golden lion tamarin and a wild house mouse indi-
cates that the virus was passed between wild and 
captive animals in the zoo. The large number of 
LCMV lineage I and II strains in the wild house 

mouse population at this site suggests either an 
outbreak after recent introduction from 2 different 
sources or long-term persistence in the local house 
mouse population but with very low prevalence  
in 2009.

Despite considerable effort by researchers to de-
tect LCMV in Germany, the virus remains mostly 
elusive. Although the route through which LCMV 
entered the zoo is not known, this event most likely 
occurred after 2009. The virus may have been brought 
in through naturally occurring wild animals in the 
region (e.g., wild house mice) or, although unlikely, 
through infected zoo animals.

We provide evidence for LCMV lineage II in 
Germany within an area naturally occupied only by 
the M. m. domesticus subspecies of house mice. The 
occurrence of both LCMV lineages I and II in M. m. 
domesticus mice does not support the subspecies host 
specificity proposed by Fornůsková et al. (1). Further 
evaluation of LCMV association with house mouse 
subspecies in Germany and other parts of the world 
will help clarify potential expanded risk to animal 
and human health.

Acknowledgments
We thank Hartmut Egdmann and zookeepers for  
collecting the rodents; Patrick Schuhmacher, Dörte 
Kaufmann, Edyta Janik-Karpińska, Viola Haring, Stephan 
Drewes, Maria Justiniano Suarez, and Marieke de Cock for 
help with dissections; and Lukas Wessler, Patrick Zitzow, 
and Florian Schröder for technical assistance. 

The investigations were funded through German Center 
for Infection Research, Thematic Translational Unit 
“Emerging Infections” (grant no. 01.808_00).

About the Author
Mr. Mehl is a doctoral candidate at the Friedrich-Loeffler-
Institut in Greifswald–Insel Riems, Germany. His research 
interests include small-mammal ecology, microbiome 
diversity, and ecotoxicology, and how these influence 
disease ecologies.

References
  1.	 Meyer BJ. Arenaviruses: Genomic RNAs, transcription, and 

replication. In: Oldstone MBA, editor. Arenaviruses I. Berlin: 
Springer; 2002. p. 139–57.

  2.	 Albariño CG, Palacios G, Khristova ML, Erickson BR,  
Carroll SA, Comer JA, et al. High diversity and ancient  
common ancestry of lymphocytic choriomeningitis virus. 
Emerg Infect Dis. 2010;16:1093–100. https://doi.org/ 
10.3201/eid1607.091902

  3.	 Armstrong C, Lillie RD. Experimental lymphocytic  
choriomeningitis of monkeys and mice produced by a virus 

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 3, March 2023	 633



DISPATCHES

encountered in studies of the 1933 St. Louis encephalitis  
epidemic. Public Health Reports (1896–1970). 
1934;49(35):1019–27.

  4.	 Goldwater PN. A mouse zoonotic virus (LCMV): a  
possible candidate in the causation of SIDS. Med  
Hypotheses. 2021;158:110735. https://doi.org/10.1016/ 
j.mehy.2021.110735

  5.	 Ledesma J, Fedele CG, Carro F, Lledó L, Sánchez-Seco MP, 
Tenorio A, et al. Independent lineage of lymphocytic  
choriomeningitis virus in wood mice (Apodemus sylvaticus), 
Spain. Emerg Infect Dis. 2009;15:1677–80. https://doi.org/ 
10.3201/eid1510.090563

  6.	 Ackermann R, Stille W, Blumenthal W, Helm EB,  
Keller K, Baldus O. Syrian hamsters as vectors of  
lymphocytic choriomeningitis [in German]. Dtsch Med 
Wochenschr. 1972;97:1725–31. https://doi.org/ 
10.1055/s-0028-1107638

  7.	 Ackermann R, Körver G, Turss R, Wönne R, Hochgesand P. 
Prenatal infection with the virus of lymphocytic  
choriomeningitis: report of two cases [in German]. Dtsch 
Med Wochenschr. 1974;99:629–32. https://doi.org/ 
10.1055/s-0028-1107814

  8.	 Asper M, Hofmann P, Osmann C, Funk J, Metzger C,  
Bruns M, et al. First outbreak of callitrichid hepatitis in  
Germany: genetic characterization of the causative  
lymphocytic choriomeningitis virus strains. Virology. 
2001;284:203–13. https://doi.org/10.1006/viro.2001.0909

  9.	 Ackermann R, Stammler A, Armbruster B. Isolation of the 
lymphocytic choriomeningitis virus from curettage material 
after contact of the pregnant woman with a Syrian gold  
hamster (Mesocricetus auratus) [in German]. Infection. 
1975;3:47–9. https://doi.org/10.1007/BF01641281

10.	 Enders G, Varho-Göbel M, Löhler J, Terletskaia-Ladwig E, 
Eggers M. Congenital lymphocytic choriomeningitis virus 
infection: an underdiagnosed disease. Pediatr Infect Dis J. 
1999;18:652–5. https://doi.org/10.1097/00006454- 
199907000-00020

11.	 Ackermann R, Bloedhorn H, Küpper B, Winkens I,  
Scheid W. Spread of the lymphocytic choriomeningitis virus 
among West German mice [in German]. Zentralbl Bakteriol 
Orig. 1964;194:407–30.  

12.	 Fornůsková A, Hiadlovská Z, Macholán M, Piálek J,  
de Bellocq JG. New perspective on the geographic  
distribution and evolution of lymphocytic choriomeningitis 
virus, central Europe. Emerg Infect Dis. 2021;27:2638–47. 
https://doi.org/10.3201/eid2710.210224

13.	 Wasimuddin BJ, Bryja J, Ribas A, Baird SJ, Piálek J,  
Goüy de Bellocq J. Testing parasite ‘intimacy’: the  
whipworm Trichuris muris in the European house mouse 
hybrid zone. Ecol Evol. 2016;6:2688–701. https://doi.org/ 
10.1002/ece3.2022

14.	 Vieth S, Drosten C, Lenz O, Vincent M, Omilabu S, Hass M, 
et al. RT-PCR assay for detection of Lassa virus and related 
Old World arenaviruses targeting the L gene. Trans R Soc 
Trop Med Hyg. 2007;101:1253–64. https://doi.org/10.1016/ 
j.trstmh.2005.03.018

15.	 Ronquist F, Teslenko M, van der Mark P, Ayres DL,  
Darling A, Höhna S, et al. MrBayes 3.2: efficient Bayesian 
phylogenetic inference and model choice across a large  
model space. Syst Biol. 2012;61:539–42. https://doi.org/ 
10.1093/sysbio/sys029

Address for correspondence: Rainer G. Ulrich, Friedrich-Loeffler-
Institut, Südufer 10, Greifswald–Insel Riems 17493, Germany; 
email: rainer.ulrich@fli.de

634	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 3, March 2023

Dr. David Morens, of the 
National Institute of  

Allergy and Infectious  
Diseases discusses the 

1918 influenza pandemic.

EID Podcast
The Mother of 
All Pandemics  

Visit our website to listen:
https://tools.cdc.gov/medialibrary/

index.aspx#/media/id/393805


