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Introduction

Today, mice and rats with a defined hygienic status are available from commercial suppliers.
Additionally, a wide range of genetically modified animals are generated in scientific
institutions. Such animals are used and exchanged by scientists worldwide. For a facility to
establish its own colonies, animals are often received from different sometimes noncommercial animal facilities with differing hygienic statuses. These animal exchanges have to
be organised carefully to eliminate the hygienic risk for recipient facilities.

2

General considerations in the import of rodents

Every animal import involves a potential risk of introducing unwanted viruses, bacteria, fungi
or parasites. This includes not only pathogenic microorganisms, but also opportunistic
microorganisms, which were not tested for or are not on the health certificate. These
microorganisms include non-pathogenic protozoa and certain Enterobacteriaceae,
Staphylococcus species, and Streptococcus species. Each recipient facility must define its own
hygienic standards. When the sender has demonstrated that hygienic standards meet the
recipient’s requirements, animals and sperm/oocytes can be imported live or in a frozen state
(see 3.4). The import of embryos or sperm is highly preferred over transporting live animals
not only for hygienic and organisational reasons but also because of animal welfare concerns.

3

Risk assessment of microorganism carry-over

This risk is significantly influenced by:




3.1

Facility of origin
Health certificate validity
Shipment conditions
Methods of importing animals to the recipient facility
Facility of origin

Animals can come from commercial suppliers and experimental facilities. The risks of
microorganism carry-over can vary between different types of facilities.
3.1.1 Import of rodents from commercial suppliers
Commercial suppliers apply their internal standards, which are generally high, to husbandry
and hygienic monitoring. However, these standards might differ between breeders, hygienic
units and the locations of their facilities. Despite high husbandry standards at commercial
breeding facilities it is recommended that recipients thoroughly review the health status
information provided and compare it with their own standards. Additionally, there are reports
of sporadic outbreaks of infection in commercial breeding facilities. Therefore, animals with a
health certificate may not necessarily be free of infections with unwanted microorganisms.
When purchasing animals from a commercial source, foster mothers, sentinels or animals
used for backcrossing may carry microorganisms like Staphylococcus aureus. Such
microorganisms often go unreported on health certificates.
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3.1.2 Import of rodents from experimental facilities
The microbiological quality of laboratory animals in experimental animal facilities has markedly
increased. However, it should be noted that not every facility provides reliable information
regarding the microbiological status of their animals. This can be because they either do not
conduct sufficiently frequent microbiological testing or because their monitoring does not meet
established standards (see FELASA recommendations1). The GV-SOLAS publication
“Hygienic monitoring of mice and rats in various housing systems (2010)” 2 gives details about
suitable health monitoring for different housing conditions. Even when frequent testing is
conducted, facilities often cannot supply reliable health certificates. Thus, import examinations
at recipient facilities may reveal infections with undesired microorganisms. Therefore, there is
a high risk of introducing microorganisms into the recipient facilities when importing live
animals from experimental facilities.
3.1.3 International Import of rodents
International collaboration is essential to biomedical research. The shipment of rodents (by air
or road) is crucial, especially when hygiene is concerned, because the risk of microbial
contamination increases with transportation time. The stress caused by shipment can influence
the immune response of animals to potential pathogen exposure as documented by serological
controls conducted directly after shipment arrival3. Hygienic monitoring for laboratory animals
in Europe has been harmonised due to the FELASA recommendations, however there is no
comparable American or Asian standard. The lack of international standards increases the risk
of introducing infectious or zoonotic agents into experimental facilities (e.g. Hantavirus)4. When
comparing hygienic monitoring results, differences could occur due to:



different sampling and detection methods (e.g. serology, culture techniques, PCR)
different microorganisms tested based on local prevalence

Therefore, the GV-SOLAS Working Group on Hygiene explicitly recommends the use of a
standardised format in order to improve and facilitate the interpretation of health monitoring
reports when importing rodents in a European and international context5.
3.2

Health certificate validity

Before ordering animals, a detailed health certificate based on FELASA recommendations1
should be obtained to evaluate any potential risk of infection from these animals. This
certificate should contain the following information:








number of tested animals for the period of at least 18 months prior to shipment
frequency of tests
range of pathogens tested
testing methods
all applicable testing results
testing laboratory
facility’s husbandry conditions

GV-SOLAS has provided an example of a standardised health monitoring report format5.
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The recipient facility should provide the sender a list of all microorganisms not on the FELASA
list which are not accepted at their facility. The recipient must request that the sender test for
these agents.
Special attention should be paid to genetically modified animals where the modification might
influence a multitude of physiological parameters. E.g. it is possible that modifications produce
different effects on the immune system, including the formation of immunological defects or
the suppression of the immune system. This can either increase the susceptibility to certain
microorganisms or result in a lowered immunological reaction including complete lack thereof,
which can lead to false-negative serological results. Hence, special care in the microbiological
screening of genetically modified rodent colonies should be taken to include immunocompetent
animals that can be analysed under the same conditions.
3.3

Shipment conditions

When shipping animals, the utmost care should be taken to avoid infection of animals during
shipment. I.e., the cages or boxes for shipment must be equipped with filters that can prevent
the intrusion of any infectious agents. Additionally, the shipment of genetically modified
animals has to be conducted in closed shatterproof containers to prevent the potential escape
of animals. The sender is responsible for the choice of a suitable container and packaging (see
publication of the GV-SOLAS6). The recipient should check the containers carefully after
arrival. Even in the case of small damages, the animals should be regarded as potentially
contaminated.
3.4

Importing rodents into the recipient facility

Live animals can generally be directly introduced into the recipient`s facility. However, direct
imports always involve a higher risk of contamination with unwanted microorganisms in
comparison to rederivation. Live animal transport should only be considered under the
following conditions:




high quality health certificates
an operational quarantine unit is available at the recipient’s facility
the imported animals test free of unwanted microorganisms after arrival (see 3.4.1)

Furthermore, it is crucial that health certificates are evaluated by an expert. Any animal with
insufficient information about its microbiological status represents a considerable risk of carryover of unwanted microorganisms. These animals should be regarded as potentially infected
and therefore, best practice recommends introduction into the animal facility only via
rederivation.
Comparing the time and costs associated with rederivation of a mouse strain into a facility and
those of the live import of animals, it is evident that rederivation is not only more timeconsuming and expensive, but also requires specific infrastructure. The required time for
introduction via quarantine is a minimum of 8 to 12 weeks, exclusive of time for hygienic testing,
as opposed to 3 to 6 months for rederivation. However, an accidental carry-over of
microorganisms by direct import results in higher effort and time to eradicate these unwanted
microorganisms, which leads to substantially higher costs.
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3.4.1 Procedure for importing live rodents
The import of live animals is only recommended if the following conditions can be met:




the health certificate meets the recipient’s standards
the husbandry conditions guarantee that the hygienic status of the animals can be
maintained until arrival
security precautions have to be defined

Animals should be introduced into a quarantine unit, ideally one equipped with isolators or
individually ventilated caging (IVC) systems. When used properly, these caging systems will
protect from the spread of microorganisms and minimize the risk of transmission into other
animal areas. The quarantine must be self-contained and should be in a separate location.
While the negative air pressure of quarantine units can provide isolation from the neighbouring
animal units, negative air pressure could increase the risk of infection within the quarantine.
Only the imported animals should be housed in the quarantine unit. Due to the increased
hygienic risk, designated animal care takers who have no contact with other research animals
should care for the animals. No other staff should have access during the quarantine period.
The preferred method of hygienic monitoring is individual testing (for serological testing only if
the mice are immunocompetent). Alternatively, imported cohort animals can be used for direct
testing. The danger of transmitting microorganisms to the quarantined animals increases when
using mice imported from other sources or areas as sentinels.
To indicate a potential infection of the imported animals, sentinel animals should ideally be
exposed as contact sentinels. These should have a minimum exposure time of 8-12 weeks
before being tested. This is the required safety period for antibody production after late
infection, namely infections occurring in the exporting unit between the last scheduled testing
date and the date of shipment, infection during shipment or infection in the recipient unit. For
possible modes of transmission of different microorganisms see the GV-SOLAS
recommendation2. In comparison to open-caging systems, the use of sentinels in colonies
maintained in IVCs or isolators makes sentinel-based information on the microbiological status
of the quarantined animals unreliable. For information on the correct use of sentinels see GVSOLAS publication7 and Lipman and Homberger8. Recent publications indicate that exhaust
air dust samples can be used as an additional source of health monitoring information9-11.
Testing is to be conducted according to internal standards (serology, bacteriology,
parasitology). In addition to the testing of sentinel samples, blood, swabs and faeces collected
directly from the imported animals as well as exhaust air dust samples can be used for
diagnostic purposes.
After careful interpretation of results by experts, the animals can be imported into the recipient’s
facility, providing the results meet their standards. If this is not the case, a rederivation of the
imported animals is required (see section 4).
The risk of accidentally transferring microorganisms into the facility depends on various factors:




pathogen associated factors such as prolonged or intermittent excretion
probability of transmission to sentinel animals
genetic influence (e.g. strain specific resistance against particular pathogens) or the
influence of age on seroconversion or excretion
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degree of sensitivity of testing method

Microorganisms with increased risk due to the above include parvoviruses12,13, pinworms,
protozoa, Pasteurellaceae and Helicobacter spp.14. When microorganisms are found in either
sentinels or quarantined animals, the use of drugs to eliminate unwanted agents is unsuitable.
Treatment against parasites is only recommended in exceptional cases (see GV-SOLAS
recommendation15).
3.4.2 Import of gnotobiotic rodents (germ-free, germ-associated)
When importing gnotobiotic rodents the animals can be used in three ways:




for starting a gnotobiotic colony in the recipient facility16
for experiments in a gnotobiotic context
for starting a new colony

When working in a gnotobiotic context, extended screening for infectious agents (e.g.
according to FELASA recommendations) is not necessary. Hence, health monitoring of
gnotobiotic animals is aimed at either demonstrating the absence of microorganisms or
revealing the presence of germ-associated microorganisms. For this, regular monitoring using
16S rRNA sequencing is recommended16. Further testing should focus on agents that are
easily introduced e.g. environmental bacteria or fungi.
For starting a new colony, gnotobiotic animals are regarded as hygienically acceptable if the
microorganisms used for association correspond with the hygienic status of the facility. Health
certificates with this information are prerequisites for import. However, the information provided
by the sender should be verified by the recipient. In this case, the imported animals should be
quarantined in an isolator with positive air pressure until completion of testing. The animals
can only be introduced into the facility if the hygienic quality is sufficient.

4

Importing animals by rederivation

Rederivation can be performed by the following methods:




Embryo transfer (with ex vivo collected embryos or in vitro produced embryos)
Hysterectomy
Neonatal transfer (cross-fostering)

These should be done in a designated area (isolator, physically separated room). The
rederived animals should only be transferred into the breeding or husbandry area of the facility
after the microbiological quality is tested. Prior to transfer foster mothers should be screened
after weaning their pups. Providing they meet the facility’s hygienic standards, the offspring
can be imported.
4.1

Embryo transfer (with ex vivo collected or in vitro derived embryos)

The following methods of embryo transfer are considered safe techniques provided all
essential hygienic precautions are taken17-22:



ex vivo: collected live embryos or cryopreserved embryos
in vitro: in vitro fertilization (IVF) with live or cryopreserved sperm
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All live animals to be rederived must be quarantined. The quarantine procedure for imported
rodents (3.4.1) is the same for embryo donors as well as for sperm donors. In brief, imported
animals should be quarantined either in negative air pressure isolators or IVCs, which must be
located in physically separated animal units until collection of embryos or sperm.
Different microorganisms like e.g. LCMV (lymphocytic choriomeningitis virus), MCMV (mouse
cytomegalovirus), MHV (mouse hepatitis virus), MNV (murine norovirus), MPV (mouse
parvovirus), MVM (minute virus of mice), Polyoma virus, and Sendai virus have been detected
in ovaries, oocytes or embryos12,17,23-31. It can be assumed, however, that the risk of
microorganism transmission by transfer of embryos with intact zona pellucida is low if sufficient
washing of embryos is done (i.e. 10 washes with a minimum dilution of 1:100 between the
wash steps17,18,32). Therefore, freshly collected or cryopreserved embryos can be introduced
directly into the dedicated embryo transfer unit after respective washing steps. The use of
cryopreserved embryos not only reduces the risk of introduction of microorganisms when
importing live animals, but also avoids distress caused by shipment.
Additionally, embryo transfer can be performed by the use of embryos derived by in vitro
fertilisation. For that, fresh or cryopreserved sperm can be used. Both the male reproductive
organs and sperm can also transmit different microorganisms e.g. MCMV, MHV, MNV, MPV,
MVM, TMEV (Theiler’s murine encephalomyelitis virus), and Helicobacter species12,28,29,31,33-35.
It is impossible to remove microorganisms from the sperm sample by the use of percoll gradient
centrifugation29 or by washing7. However, virus-free seronegative offspring can be produced
through in vitro fertilisation with virus-contaminated sperm by following correct washing
protocol17,18,30,32. The method of IVF with consecutive embryo transfer is very well established
today36 and has proven to be an excellent alternative to the import of live mice or the transfer
of ex vivo collected embryos.
After washing procedure embryos can be implanted to pseudopregnant foster mothers that
meet the facility’s hygienic standards.
Due to a residual risk of contamination separate housing of the foster mothers is necessary.
Foster mothers should be kept in a way that contamination of the rest of the facility is
prevented.
4.2

Rederivation by hysterectomy

Rederivation by aseptic hysterectomy (gnotobiotechnique) should ideally be conducted in
isolators with positive air pressure. It requires highly trained staff, especially when animals
should be rederived to germ-free status.
To conduct a hysterectomy, the infected or sero-positive pregnant mother has to be euthanised
as close to the estimated birth date as possible. In order to eliminate any microorganisms that
could be present on the surface of the uterus, placenta and chorion, the donor is dipped into
disinfection solution (e.g. iodophore solution) with decreasing concentrations and the dipping
process is repeated. The complete uterus is removed within the dipping bath, only then can
the fetuses be dissected from the uterus in a subsequent dipping bath. Either the closed uterus
or the dissected fetuses enclosed in the chorion membrane are introduced into an isolator with
a germ-free or specified pathogen-free foster mother that had delivered shortly before
hysterectomy37-39. All chorionic and amniotic membranes have to be removed in this step. The
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pups should be carefully cleaned with nesting material from the cage to increase acceptance
by the foster mother.
Hysterectomy, although similar to a neonatal transfer, is not applicable for every agent. This
method is only successful when there is no transplacental transmission of the agent to the
fetus. Therefore, it is advisable to check the donor animals in advance for the vertical
transmission of unwanted microorganisms. Hysterectomy is, for instance, inappropriate for
animals infected with LCMV23,40. A diaplacental transmission of MCMV can be assumed41.
There are also reports of transmission of parvoviruses42,43. Diaplacental transmission of MHV,
at least experimentally, has also been described44,45. However, it can be assumed that this is
a highly unlikely method of transmission in a laboratory41a.
Experts do not recommend hysterectomy when immunodeficient mice carry e.g. Pasteurella
pneumotropica or Helicobacter hepaticus20,36,46. Necessary precautions for rederivation of mice
infected with parasites or bacteria are comparable to neonatal transfer (see section 4.3).
4.3

Neonatal transfer (cross-fostering)

Neonatal transfer signifies the transfer of newborn pups from an infected and/or seropositive
mother to a specified pathogen-free mother. This method is not useful for the elimination of
every agent and requires that no infection has occurred before, during, or shortly after the birth
of the newborn offspring. Therefore, neonatal transfer should only be done within the first 24
hours after birth47. Furthermore, prior to transfer, pups can be dipped into a disinfection solution
(e.g. iodophore solution) for a few seconds to flush away or kill any microorganisms on their
bodies48,49.
Success rates are highest with immunocompetent animals because they produce maternal
antibodies and there is low probability of a diaplacental transmission. Rederivation by cross
fostering is especially successful when the donor mother is infected with microorganisms
excreted only for a short time (e.g. MHV, murine rotavirus) or microorganisms transmitted via
the faecal-oral route (e.g. MNV, TMEV, murine rotavirus, Helicobacter species)48-52. Diets
containing antibiotics should be given to the pregnant mothers, foster mothers and pups to
eliminate the Helicobacter species47,53,54. A combination of neonatal transfer and medication
(Ivomec®) has been reported to successfully control mites in mice55.
In conclusion, well-established rederivation strategies are available to date. However, the
hygienic risk in the import of rodents into facilities cannot be eliminated. Further research is
required to ensure, that facilities hygienic standards are not threatened by the import of new
mouse strains.
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Disclaimer
Any use of GV-SOLAS booklets (publications) and statements and the application of the information
contained therein are at the express risk of the user. Neither GV-SOLAS nor the authors can accept
liability for any accidents or damages of any kind arising from the use of a publication (e.g. resulting
from the absence of safety instructions), irrespective of legal grounds. Liability claims against GVSOLAS and the author for damages of a material or non-material nature caused by the use or non-use
of the information or by the use of erroneous and/or incomplete information are in principle excluded.
Legal claims and claims for damages are thus excluded. The work, including all content, has been
compiled with utmost care. However, GV-SOLAS and the authors assume no responsibility for the
currentness, correctness, completeness or quality of the information provided. Printing errors and
incorrect information cannot be completely ruled out. GV-SOLAS and the authors accept no liability for
the currentness, correctness and completeness of the content of the publications or for printing errors.
GV-SOLAS and the authors accept no legal responsibility or liability in any form for incorrect statements
and consequences arising therefrom. Responsibility for the content of the internet pages printed in these
publications lies solely with the owner of the websites concerned. GV-SOLAS and the authors have no
influence on the design and content of third-party websites. GV-SOLAS and the authors therefore
distance themselves from all third-party content. Responsibility within the meaning of press legislation
lies with the board of GV-SOLAS.
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