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1. Introduction

In recent years, several microorganisms that are relevant to laboratory animals have
undergone systematic and taxonomic revision. While the classification of bacteria was based
on phenotypic criteria up to about 1970, molecular genetic criteria are additionally used today
in taxonomic classification. This has inevitably led to changes in familiar names and sometimes
to a segregation into several species. In other cases, microorganisms that were hitherto not
specifically named or described have been characterized and taxonomically classified. With
the taxonomic description of bacterial species, the sequence data and type strains of the
bacterial species are made accessible at the same time via recognized strain collections. Thus,
every laboratory can carry over the results of the studies and thereby achieve a standardization
of study results among different laboratories.

With the new descriptions, the designations hitherto used are no longer valid, i.e. are obsolete,
and should therefore no longer be used (Table 1).

2. Pasteurellaceae

2.1. “Pasteurella pneumotropica”

Background: The most important taxonomic change concerns the family of Pasteurellaceae
and here in particular the new classification of “Pasteurella pneumotropica”. These bacteria
are very frequently mentioned in the literature and are regularly listed in health certificates.
They were first described by Jawetz (Jawetz 1948). Some years later, a variant was found
(Heyl 1963). Both variants were later described as different “biotypes”. Further differences
were also observed in phenotypic traits or phenotypes which made it difficult to establish an
unequivocal, homogeneous identity. In particular, the commercial biochemical identification
systems generally used are not able to reliably determine “Pasteurella pneumotropica” and
other Pasteurellaceae that occur in rodents. Over time, a confusing diversity of different names
have been used for Pasteurellaceae in rodents. In some cases, the name “Pasteurella
pneumotropica” has also been used as a collective term for completely different
Pasteurellaceae that occur in laboratory rodents. It is therefore impossible to offer any reliable
statements on the importance of these bacteria.

When it comes to the identification of the same isolates in different laboratories, differing
diagnoses are often made, with the result that Pasteurellaceae are frequently not listed in
health certificates owing to the lack of clarity in the classification. Since “Pasteurella
pneumotropica” were not unambiguously defined, several molecular biologic methods of
detection (PCR) were described, which covered a different bacterial spectrum, however, and
likewise led very frequently to confusion. Also, the long-since obsolete assignment of growth
factor-dependent Pasteurellaceae to the genus “Haemophilus” has resulted in these bacteria
not normally being detected in tests and hence also not being listed in health certificates.
Because of the unclear taxonomy and difficulties in identification, FELASA recommended
testing for Pasteurellaceae in 2002 (Nicklas et al. 2002). In the revised version (Mahler et al.
2014) and also in the recommendation of a working group of AALAS-FELASA (Pritchett-
Corning et al. 2014), however, it is now recommended again to test for “Pasteurella
pneumotropica”.
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When it came to establishing the family Pasteurellaceae (Mannheim 1984) the known species
were incorporated into three genera (Haemophilus, Actinobacillus, Pasteurella) in 1981. Today
more than 25 genera are known to belong to the family Pasteurellaceae.

The new taxonomy is based primarily on genetic differences and includes a variety of genes.
Early molecular genetic studies by Dewhirst et al. (1993) already showed in 1993 that
“Pasteurella pneumotropica” does not belong to the genus Pasteurella in the stricter sense.
On the basis of various studies, the second species frequently seen in mice, “Actinobacillus
muris”, also does not belong to the genus Actinobacillus and is more closely related to
“Pasteurella pneumotropica’.

Current status: (Adhikary et al. 2017)

The bacteria previously described as “Pasteurella pneumotropica” now form a genus of their
own, Rodentibacter, which today comprises eight species and two additional genomospecies,
which are clearly distinguished from other isolates in the group on the basis of genetic criteria,
but cannot be reliably differentiated with regard to their phenotypic characteristics. The two
variants formerly regarded as “biotypes” now form their own species. Rodentibacter (R.)
pneumotropicus (formerly biotype Jawetz) and Rodentibacter heylii (formerly biotype Heyl)
are predominantly found in mice, but R. heylii in particular can also colonize other animal
species, such as rats or golden hamsters, if they are housed together with mice. Both bacterial
species normally grow independently of growth factors (X and V factors). However, growth
factor-dependent isolates (formerly “Haemophilus®) are known in both species.

A further important species in laboratory rodents is Rodentibacter ratti. This species consists
of growth factor-dependent and independent bacteria and is primarily found in rats, but
occasionally also in mice. This bacterium is widespread because it was not sufficiently taken
into account until recently.

Rodentibacter trehalosifermentans has been detected in rats and culture is possible only in
the presence of growth factors (V factor, NAD).

The isolates of Rodentibacter heidelbergensis known to date were isolated from rats, and
their growth is likewise predominantly dependent on growth factors (V factor, NAD), but
isolates independent of growth factors are also known. Isolates of Rodentibacter rarus were
cultured from rats. This species has only very rarely been detected to date and grows
independently of growth factors.

Rodentibacter mrazii has only been isolated from mice of the genus Apodemus to date and
is therefore unlikely to be of any importance in laboratory mice or rats. This also applies to
Rodentibacter myodis. This species occurs in the bank vole (Myodes glareolus).

For two further genomospecies, no phenotypic criteria were found that allow an unequivocal
differentiation from other Rodentibacter species, in particular from R. pneumotropicus and R.
heylii. Rodentibacter genomospecies 1 was predominantly isolated from mice of the genus
Apodemus, but also from house mice (Mus musculus) and laboratory rats (Rattus norvegicus).
The isolates from Rodentibacter genomospecies 2 were isolated from mice of the genus
Apodemus.
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There is no information as yet on the importance of individual species, because a differentiation
of the species has not been undertaken to date
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2.2.  “Actinobacillus muris”

Background: This bacterium was first described by Bisgaard (1986) and is widespread in
laboratory mice. However, the frequent practice of subsuming it under “Pasteurella
pneumotropica” means that it has only rarely been taken into account and only very rarely
listed in health certificates. It has occurred in many phenotypic variants and is therefore difficult
to identify. A reliable determination using commercial identification systems is almost
impossible, because it is not included in the standard databases. Identification errors are often
made, which result e.g. in the designation “Mannheimia haemolytica” or “Pasteurella
multocida”. For this bacterium, too, Dewhirst et al. (1993) have already shown that it is more
closely related with “Pasteurella pneumotropica” and not with the genus Actinobacillus.
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Current status: (Nicklas et al. 2015)

These bacteria form a genus of their own, Muribacter, of which only the species Muribacter
muris has been described to date. It can be assumed that further species will be added. The
bacteria are almost exclusively found in mice. The colony forms and phenotypic (biochemical)
characteristics are highly variable. It can be easily cultured on blood agar, but there are very
rarely strains that are also dependent on growth factors. Very little is known about these
bacteria.

Literature
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94:1-8.
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2.3. Pasteurellaceae in guinea pigs (Cavia porcellus)

Background: Various authors have described differing Pasteurellaceae in guinea pigs, but
most of them have not been characterized in any detail or even unequivocally classified in
taxonomic terms. A few isolates were assigned provisional names (e.g. named after authors,
such as Stewart and Letscher, abbreviations such as SP Group, or phenotypic groups were
simply consecutively numbered [e.g. Bisgaard Taxa 5, 7, 8]). In the meantime, some of these
bacteria have been shown to form separate genera or species.

Current status: (Christensen et al. 2011a,b; Adhikary et al. 2018)

Few isolates from guinea pigs have been taxonomically classified to date. In the case of
bacteria that were previously named Bisgaard Taxon 25, a close relationship has been found
with the genus Mannheimia. These bacteria form a species of their own Mannheimia caviae.
Other bacteria which were originally named as SP Group form a genus of their own and have
been renamed as Necropsobacter rosorum. The isolates from guinea pigs named previously
as Bisgaard Taxa 5 and 7 also form genera of their own and have been classified as
Caviibacterium pharyngocola and Conservatibacter flavescens.

Literature
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flavescens gen. nov., sp. nov. Int J Syst Evol Microbiol 68:643-650.
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2.4. Pasteurellaceae in the golden hamster (Mesocricetus auratus) and European
field hamster (Cricetus cricetus)

Background Bacteria of the genus Rodentibacter are occasionally found in golden hamsters,
but phenotypic variants are also known that do not belong to this genus. European field
hamsters are used less often as laboratory animals, but in these animals, too, Pasteurellaceae
have likewise been described that were originally not assigned a definitive taxonomic
classification. As with isolates from other animal species, provisional names were assigned
here as well.

Current status: (Christensen et al. 2014)

From both animal species, the first species of bacteria have now been characterized in more
detail. Isolates from European field hamsters that were kept as laboratory animals proved to
be a genus of their own and have been named Cricetibacter osteomyelitidis. Isolates from
golden hamsters are not closely related with these and form a genus of their own. These
bacteria have been classified as Mesocricetibacter intestinalis.

Literature

Christensen H, Nicklas W, Bisgaard M. 2014. Investigation of taxa of Pasteurellaceae isolated from
Syrian and European hamsters and proposal of Mesocricetibacter intestinalis gen. nov., sp. nov.
and Cricetibacter osteomyelitidis gen. nov., sp. nov. Int J Syst Evol Microbiol 64(Pt 11):3636—3643.

3. “Bordetella hinzii”

Background Bordetella (B.) hinzii was originally isolated from poultry. Human isolates also
exist. The literature mentions “Bordetella hinzii” only sporadically as an infectious pathogen in
laboratory mice, but it has been detected more frequently in other rodents and also in rabbits
(Hayashimoto et al. 2012, Jiyipong et al. 2013). In both natural and experimental infections in
the mouse, the bacterium can cause respiratory symptoms and histopathological lesions in the
respiratory tract (Clark et al. 2016, Hayashimoto et al. 2008). It is usually identified using
commercial identification systems (e.g. Api 20 NE) or also through sequencing of the 16S rRNA
gene. In the sequencing of other genes (Spilker et al. 2014, Loong et al. 2016) it was found
that isolates from mice (Bordetella genogroup 16) are clearly distinct from typical Bordetella
hinzii.

Current status: (lvanov et al. 2016)

In detailed taxonomic studies, it was shown that isolates from mice that were originally
classified as B. hinzii form a species of their own which is designated Bordetella
pseudohinzii. Isolates from poultry, humans and rabbits studied in the same investigation
were classified as B. hinzii.

Literature

Clark S E, Purcell JE, Sammani S, Steffen EK, Crim MJ, Livingston RS, Besch-Williford C, Fortman JD.
2016. Bordetella pseudohinzii as a confounding organism in murine models of pulmonary disease.
Comp Med 66(5):361-366.
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Southeast Asia. Emerg Infect Dis 19(3): 502—-503.

Loong SK, Mahfodz NH, Wali HA, Talib SA, Nasrah SN, Wong PF, Abubakar S. 2016. Molecular and
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4. “CAR bacillus”

Background “CAR bacillus” (cilia-associated respiratory bacillus) was first detected in 1980
in rats, where it was found to act as a pathogen causally involved in chronic respiratory disease
(CRD). Similar bacteria were later detected in mice and rabbits, but also in cows and pigs.
They were originally cultured in embryonated chicken eggs and later in cultures of mammalian
cells. Because of difficulties in cultivation and the lack of reference bacteria in strain collections,
the bacterium was hardly accessible for laboratories.

Current status: (Ike et al. 2016)

A bacterial strain originally isolated from a rat with CRD was studied in more detail and,
together with other isolates from rodents, was described as a genus of its own. The official
name is now Filobacterium rodentium.

Literature

Ike F, Sakamoto M, Ohkuma M, Kajita A, Matsushita S, Kokubo T. 2016. Filobacterium rodentium gen.
nov., sp. nov., a member of Filobacteriaceae fam. nov. within the phylum Bacteroidetes; includes
a microaerobic filamentous bacterium isolated from specimens from diseased rodent respiratory
tracts. Int J Syst Evol Microbiol 66:150-157.

5. Streptobacillus spp.

Background Streptobacillus moniliformis is a major zoonotic pathogen that has been found
predominantly in the pharynx of rats, but also in other animal species and causes a form of so-
called rat-bite fever in humans. It has to be assumed that infections with Streptobacillus
moniliformis occur more frequently than they are diagnosed (Regnath et al. 2015). Due to the
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demanding requirements of culture conditions and the slow growth rate, the bacterium is
difficult to cultivate, but the culture succeeds under aerobic conditions at increased CO2
concentration. In contrast, it has been reported that isolates from guinea pigs require anaerobic
conditions for growth.

Current status:

It has been shown that isolates from guinea pigs are not related to Streptobacillus (S.)
moniliformis at genus level. They form a genus of their own and have been described as
Caviibacter abscessus (Eisenberg et al. 2016b). In addition, in-depth studies in a large
number of isolates of Streptobacillus moniliformis have shown that several species exist here.
Besides Streptobacillus moniliformis, the classical pathogen for rat-bite fever, several species
have been described to date, but these are likely to be less relevant to laboratory rodents and
hence also to questions concerning laboratory animal science. These are

o S. felis, isolated from a cat; host unknown (Eisenberg et al. 2015b)

e S. notomytis, host: spinifex hopping mouse (Notomys alexis) and house rat (Rattus
rattus) (Eisenberg et al. 2015a, Michel et al. 2018)

e S. hongkongensis, host: human (Woo et al. 2014)

Differentiation of these species is not possible using biochemical methods, but is achieved by
means of MALDI-TOF mass spectrometry as a phenotypic method and also based on
molecular genetic sequence comparisons (Eisenberg et al. 2016a). Only very few isolates of
the newly described species are known to date, so it is not possible to draw conclusions as to
the potential for zoonoses or the host spectrum. Apart from S. hongkongensis found in humans
in the context of clinical symptoms, the only other one of the newly described species to be
found in humans is S. notomytis in rat-bite fever (Fukushima et al. 2018, Ogawa et al. 2018).
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Eisenberg T, Imaoka K, Kimura M, Glaeser SP, Ewers C, Semmler T, Rau J, Nicklas W, Tanikawa T,
Kaempfer P. 2016c. Streptobacillus ratti sp. nov., isolated from a black rat (Rattus rattus). Int J Syst
Evol Microbiol 66:1620-1626.
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Table 1: Changes in the taxonomy of microorganisms relevant to laboratory animals

New name Old name Host species

Rodentibacter pneumotropicus Pasteurella pneumotropica “Jawetz biotype” House mouse (Mus musculus)

Rodentibacter heylii Pasteurella pneumotropica “Heyl biotype” House mouse (also laboratory rat, golden hamster)
Rodentibacter ratti Laboratory rat (also house mouse)

Rodentibacter trehalosifermentans Laboratory rat (Rattus norvegicus)

Rodentibacter heidelbergensis Laboratory rat (Rattus norvegicus)

Rodentibacter rarus Laboratory rat (Rattus norvegicus)

Rodentibacter mrazii Apodemus sp.

Rodentibacter myodis Bank vole (Myodes glareolus)

Rodentibacter genomospecies 1 Apodemus sp. (also house mouse and laboratory rat)
Rodentibacter genomospecies 2 Apodemus sp.

Muribacter muris Actinobacillus muris House mouse (Mus musculus)

Mannheimia caviae Bisgaard Taxon 25 Guinea pig (Cavia porcellus)

Necropsobacter rosorum SP Group Guinea pig (Cavia porcellus)

Caviibacterium pharyngocola Bisgaard Taxon 5 Guinea pig (Cavia porcellus)

Conservatibacter flavescens Bisgaard Taxon 7 Guinea pig (Cavia porcellus)

Cricetibacter osteomyelitidis European Field hamster (Cricetus cricetus)
Mesocricetibacter intestinalis Syrian golden hamster (Mesocricetus auratus)
Bordetella pseudohinzii Bordetella hinzii, Bordetella genogroup 16 House mouse (Mus musculus)

Filobacterium rodentium CAR bacillus Laboratory rat (Rattus norvegicus)

Streptobacillus moniliformis Streptobacillus moniliformis Laboratory rat, house mouse, turkey, human
Streptobacillus notomytis Streptobacillus moniliformis Spinifex hopping mouse (Notomys alexis), house rat, human
Streptobacillus ratti Streptobacillus moniliformis House rat (Rattus rattus)

Streptobacillus hongkongensis Human

Streptobacillus felis Cat (Felis catus)

Caviibacter abscessus Streptobacillus moniliformis Guinea pig (Cavia porcellus)
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Disclaimer

The use and application of the publications (technical information, statements, booklets,
recommendations, etc.) of the Gesellschaft fir Versuchstierkunde GV-SOLAS and the
implementation of the information and content contained therein is expressly at the user's own risk.

GV-SOLAS and the authors cannot accept any liability for any accidents or damage of any kind
resulting from the use of the publication.

GV-SOLAS accepts no liability for damages of any kind arising from the use of the website and the
downloading of templates. GV-SOLAS is also not liable for direct or indirect consequential
damages, loss of data, loss of profit, system or production losses.

Liability claims against GV-SOLAS and the authors for material or immaterial damage caused by
the use or non-use of the information or by the use of incorrect and/or incomplete information are
fundamentally excluded.

Claims for damages against the Gesellschaft fur Versuchstierkunde GV-SOLAS as well as against
the authors are therefore excluded.

The works, including all content, have been compiled with the greatest scientific care. Nevertheless,
GV-SOLAS and the authors do not assume any guarantee or liability for the topicality, correctness,
completeness and quality of the information provided, nor for printing errors.

No legal responsibility or liability in any form can be assumed by GV-SOLAS and the authors for
incorrect information and any resulting consequences.

Furthermore, the operators of the respective websites are solely responsible for the content of the
websites printed in these publications.

GV-SOLAS and the authors have no influence on the design and content of third-party websites
and therefore distance themselves from all third-party content.
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