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Abstract

High-tech biomedical advances have led to increases both in
the number of mice used for research and in exchanges of
mice and/or their tissues between ingtitutions. The latter are
associated with the risk of dissemination of infectious
agents. Because of the lack of international standardization
of health surveillance programs, health certificates for im-
ported rodents may be informative but may not address the
needs of the importing facility. Preservation of mouse germ-
plasm is achieved by cryopreservation of spermatozoa, em-
bryos, or ovaries, and embryonic stem cells are used for the
production of genetically engineered mice. After embryo
transfer, recipients and rederived pups that test negative in
microbiological screening for relevant microorganisms are
released into full barrier holding areas. However, current
research shows that embryos may also transmit microorgan-
isms, especially viruses, to the recipient mice. Inthisarticle,
we discuss regulations and practical issues in the shipping
of live mice and mouse tissues, including spermatozoa, em-
bryos, ovaries, and embryonic stem cells, and review work
on microbia contamination of these biological materias. In
addition, we present ways to reduce the risk of transmission
of pathogens to mice under routine conditions.
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Prevalence and Persistence of Pathogens
in Mice

nowledge of the prevalence, replication, and persis-
tence of pathogens in a mouse facility aids both in
assessments of the risk of transmission to other mice
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and mouse facilities and in the development of suitable
management strategies to eliminate such risks.

But there is a lack of current, comprehensive informa-
tion on the prevalence of bacteria and parasites in mice in
Europe (for detailed information on US prevalence of these
and murine viruses see Carty 2008). With respect to murine
viruses, asummary of data from the past decade shows that
the most prevalent in the United States (Carty 2008; Liv-
ingston and Riley 2003) and Europe (Schoondermark-van
de Ven et al. 2006) are mouse hepatitis virus (MHV?), par-
voviruses, mouse rotavirus, Theiler’s murine encephal omy-
glitis virus (TMEV?), reovirus type 3 (reo 3), Sendai virus,
and mouse adenovirus (MAdV) (FL + K87). The report on
European prevalence (Schoondermark-van de Ven et al.
2006) showed that the main viruses of concern there are
MHYV (12%), parvoviruses (8.8%), mouse rotavirus (3.7%),
TMEV (2.2%), reo 3 (0.6%), pneumonia virus of mice
(PVM, 0.2%), Sendai virus (0.2%), and polyoma (0.1%).
The same report noted that viruses such as lymphocytic
choriomeningitis virus (LCMV), mouse K virus, ectromelia
virus, MAdV, and mouse thymic virus (MTV) have not
been detected in Europe in the last decade. These data are
based on serological analysis of 80% of samples obtained
between 2000 and 2003 from more than 100 different in-
gtitutions including universities, research centers, breeding
companies, and industry in the Netherlands (45%), France
(35%), Belgium (7%), and other European countries (13%,
mainly Germany and Switzerland).

Since the discovery of murine norovirus (MNV?) in
2003 (Karst et al. 2003), its prevalence is reported to be
22.1% from 12,639 mouse serum samples collected in the
United States and Canadain 2003 (Hsu et al. 2005). Perdue
and colleagues (2007) reported a prevalence ranging from
2% to 83% in sentinel mice from five US mouse facilities.
In some German mouse facilities, MNV had a prevalence of
60% (Nicklas et a. 2006), 64.3% (Mdller et al. 2007), and
0% to 69%, depending on the type of mouse holding area
(Mahahir et a. 2007b).

Some viruses, such as MHV, mouse rotavirus, and Sen-
dai virus, are shed for only a short period of time, whereas
ectromeliavirus and PVM are shed for a moderate length of
time, and other viruses such as LCMV, lactate dehydroge-

LAbbreviations used in this article: ES, embryonic stem; ET, embryo trans-
fer; IVC, individually ventilated cage; IVF, in vitro fertilization; MHV,
mouse hepatitis virus, MV M, minute virus of mice; MNV, murine noro-
virus; MPV, mouse parvovirus, TMEV, Theiler's murine encepha omyeli-
tis virus; ZP, zona pellucida
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nase—elevating virus (LDHV), murine cytomegalovirus
(MCMV), minute virus of mice (MVM?), mouse parvovirus
(MPVY), TMEV, and MTV persist for longer periods of
time (Compton and Riley 2001). A comprehensive list of
viruses and their target tissues is available in Compton and
Riley (2001).

Shipping of Live Mice and
Cryopreserved Materials

Transportation of live mice and mouse cells and tissues
from one institution to another is crucial to biomedical re-
search in the international community. For the benefit of the
mice, it is important to thoroughly plan such transportation
before making shipping decisions. Major proactive points of
consideration include the observance of national legislation
of all aspects of genetic technology and biosafety, interna-
tional shipping regulations, packaging requirements, and
consultations with and requirements of the exporting and
importing institutions.

Shipment of Live Mice

US guidelines have recently been published for the trans-
portation of laboratory animals (NRC 2006), and European
guidelines are summarized in Appendix A of the European
Convention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (ETS No.
123; http://conventions.coe.int). The UK Laboratory Ani-
mal Science Association (LASA) also has published Guid-
ance on the Transport of Laboratory Animals (Swallow
et al. 2005).

For shipments of live mice, specialized courier compa-
nies provide professional and comprehensive services. They
are experienced in global logistics as well as country- and
species-specific requirements and regulatory documents and
concerns. In addition to importing/exporting country re-
quirements, the International Air Transport Association
(IATA) regulations should be followed when packing and
preparing live animals for air transport (IATA 2007). Pack-
ages for any kind of animal transport should be designed to
prevent the animals’ escape, exclude the entry of microor-
ganisms, allow visual inspection of the animals without
compromising their microbiological status, and allow exter-
nal disinfection of the package on arrival at the receiving
facility (Lee et al. 2007). In addition, the following mea-
sures are indispensable to ensure minimal transit time and
facilitate the animals’ arrival in good health at their final
destination:

» arecent health report by a veterinarian of the exporting
institution’s animal colony including a 1%2-year history
of the colony’s health status,

e packaging in adequate transport boxes, with bedding,
food, and water,
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» safety and stress reduction measures for the animals,
and
» early contact with the shipping corporation or carrier.

For regional shipping, ground transport may pose the
least stress as it entails minimal handling of the shipping
container and a single environment during transportation.
Ground transportation should be carried out by licensed
personnel in climate-controlled vehicles using the shortest
routes. Regional shipments by ground transportation nor-
mally involve one licensed carrier, whereas long distance or
transcontinental shipping generally requires coordination of
both ground transport and air freight and may be performed
by multiple subcontractors, resulting in longer transit times
and more handling, both of which may be more stressful for
the mice (NRC 2006).

For the animals’ comfort, it is particularly important to
ensure suitable environmental conditions throughout the
shipping. Further to the stress involved in any shipment,
longer journeys (particularly international or transcontinen-
tal journeys) also affect their diurnal rhythm. Mice that
experience shifts in light/dark cycles require up to 2 weeks
to normalize (Weinert et al. 1994) and thus require a longer
period of overall adaptation and restoration, ranging from 1
to 7 days to several weeks or even months, depending on the
stress to which they were exposed during shipment
(Obernier and Baldwin 2006).

The US Department of Agriculture (USDA) guidelines
for the importation of live laboratory animals set forth regu-
lations on international transport of laboratory mice and
their tissue to the United States (http://www.aphis.usda.gov/
vs/ncie/ilive-mam.html). Other US regulatory agencies that
may have oversight of research animal importation or ship-
ment are the Centers for Disease Control and Prevention
(CDC), the Department of Transportation (DOT), and the
US Fish and Wildlife Service. In general, research mice are
exempt from these regulations provided that they are not
carrying infectious diseases and are from the genus Mus
musculus. Imports to countries of the European Union (EU)
require the permission of the local government.

To ensure US customs clearance, the following docu-
mentation should accompany the shipment: a pro forma
invoice stating that the shipment contains “Live Laboratory
Mice” and listing the species (Mus musculus), number, gen-
der, age, type of package, and names and addresses of the
exporting and importing institutions. The invoice should
also include a statement that the animals do not meet the
criteria for an endangered species nor pose a risk to human
health. In addition, a health certificate is required with, if
appropriate, a veterinarian’s statement that “Animals are
healthy and have not been exposed to or inoculated with any
livestock or poultry disease agents exotic to the United
States” and that “The animals have not originated from a
facility where work with exotic disease agents affecting
livestock or poultry is conducted.”

Some countries may have additional exportation docu-
ments that must be completed before the animals leave the
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country of origin, and commercial airlines also may ask for
additional documents, which should be applied for and pre-
pared well ahead of the time of shipment. For live mice and
the cells and tissues derived from them some institutions
require material transfer agreements (MTAS) or, if the ma-
terial is transferred on a collaborative basis, a short plan of
the research project before shipment. Exportation of live
mice from the United States or the European Union is not
regulated but the shipment must conform to IATA regula-
tions and the destination country’s regulations.

Because each country has its own regulations and re-
quirements it is highly advisable to use a customs broker
and/or a courier company knowledgeable in live animal
shipping for international shipments of live mice.

Shipment of Cryopreserved Materials

Cryopreservation of embryos (Glenister et al. 1990; Shaw
and Nagakata 2002) and spermatozoa has become a routine
mechanism to preserve mouse models and to transfer single
mice or colonies without the welfare concerns that arise in
the shipping of live animals. Additional advantages to ship-
ping cryopreserved germplasm (spermatozoa, oocytes, and
resulting embryos) are the suitability of cryopreserved ma-
terials for storage and use when needed and for preliminary
testing of sample aliquots to determine microbiological sta-
tus before use.

Many institutions (including both of ours) have estab-
lished transgenic animal cores that can assist in the recovery
of cryopreserved materials. But if this expertise is not avail-
able at an investigator’s institution there are established re-
gional repositories in countries around the world that can
assist in the recovery of cryopreserved materials; a number
of these repositories have joined together to form the Fed-
eration of International Mouse Resources (FIMRe; Table 1).
Many members are working together to assist the transfer of
models across continents from one repository to another to
facilitate their use by individual investigators (Davisson
2006). These cooperative agreements will enable investiga-
tors to obtain recovered live mouse models from their local
regional repository even if the model is cryopreserved and
held in another country.

Cryopreserved oocytes, embryos, spermatozoa, and
ovaries are typically shipped in a “dry shipper” in which the
liquid nitrogen is absorbed in the shipper liner. These con-
tainers usually maintain an ultralow temperature for 7 to 21
days, depending on the model of shipper. In compliance
with IATA regulations, documentation of an inversion test
should be included to demonstrate that no free liquid nitro-
gen is present in the shipper. Cell lines, including murine
embryonic stem (ES") cells, and tissues are usually shipped
on dry ice, which is considered a hazardous material and has
special packaging and labeling requirements (set forth in the
IATA regulations). Alternatively, for short-term (less than

Table 1 Federation of International Mouse Resources (FIMRe) Member Mouse Resources by Continent

Resource Center Location Website

North America

American Type Culture Collection (ATCC) Virginia, USA www.atcc.org
Canadian Mouse Mutant Repository (CMMR) Toronto, Canada www.cmmr.ca
Canadian Mouse Consortium Canada www.mousecanada.ca
The Jackson Laboratory Maine, USA WwWw.jax.org

Mouse Models of Human Cancers Consortium (MMHCC) Maryland, USA

Mutant Mouse Regional Resource Centers (MMRRC)
University of Missouri/Harlan Consortium
University of California, Davis
University of North Carolina at Chapel Hill

Europe

The European Mouse Mutant Archive (EMMA)
CNR-IBC—Consiglio Nazionale delle Ricerche

Instituto di Biologia Cellulare
CNRS—Institut Transgenose
FCG—Instituto Gulbenkian de Ciéncia
GSF—Institute of Experimental Genetics
Kl—Karolinska Institutet
MRC—Mammalian Genetics Unit
Asia
RIKEN BioResource Center (RBRC), Experimental
Animal Center

Center for Animal Resources and Development (CARD)

Australia

Australian Phenomics Facility

Missouri, USA
California, USA
North Carolina, USA

Monterotondo, Italy
Orleans, France
Oeiras, Portugal
Neuherberg, Germany www.gsf.del/ieg
Stockholm, Sweden
Harwell, UK

Tsukuba, Japan
Kumamoto, Japan

Canberra, Australia

emice.nci.nih.gov; mouse.ncifcrf.gov
WWw.mmrrc.org
www.mmrrc.missouri.edu
ccm.ucdavis.edu/mmrrc
www.med.unc.edu/mmrrc

www.emmanet.org
www.emma.cnr.it/CNR-IBC.html
transgenose.cnrs-orleans.fr
www.igc.gulbenkian.pt
ki.se/cmb

www.har.mrc.ac.uk
www.brc.riken.jp/lab/animal/en

card.medic.kumamoto-u.ac.jp/card/english

www.apf.edu.au
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24 hours) shipping, embryos can be transported in holding
medium in cryopreservation straws at room temperature.
Likewise, murine ES cells can be sent directly in the culture
flask at room temperature.

The importation paperwork for cryopreserved labora-
tory mouse tissues and cell lines is similar to that required
for live animal importation to the United States (i.e., a pro
forma invoice and declaration statements). In addition, any
cells or tissues grown in vitro before shipment must be
declared free of animal cell culture-derived products of
livestock origin, particularly fetal or adult bovine serum.
Shipments of cell lines or tissues that contain a material of
livestock origin such as fetal bovine serum require a USDA
importation permit.

Above all, proactive communication between the ex-
porting institution, carrier, veterinary and legal authorities,
regulatory agencies, and importing institution is of para-
mount importance for safe and successful deliveries.

Microbial Contamination of Germplasm

The oocyte and preimplantation embryo are surrounded by
a zona pellucida (ZPY), essentially a sulphated glycoprotein
gel of the order of 2% to 6% (weight/volume) (Green 1997)
that protects the embryo from its environment (Epifano and
Dean 1994; Wasserman et al. 1996). After removal of the
surrounding cumulus cells, the ZP is composed of a com-
plex fibrous network interspersed with numerous pores that
are largest at the outer surface and decrease in size
centripetally.

In viremic mice the reproductive tract may be suscep-
tible to infectious pathogens either locally or systemically
and viruses can spread from there to various tissues and
organs. In mouse germplasm cells, pathogens may (1) be
present in the oocyte at fertilization and replicate in the
embryo, fetus, or pups; (2) be present in or attached to the
spermatozoa and carried into the oocyte at fertilization; (3)
traverse, become embedded in, or adhere to the ZP; or (4) be
present in the embryo after damage to the ZP during han-
dling or manipulation such as assisted reproductive tech-
nologies (ARTSs). Oocytes and embryos with an intact ZP
subjected to vigorous pipetting may rupture, and are further
at risk when the ZP is partially disrupted from ARTs such as
intracytoplasmic sperm injection (ICSI), subzonal injection
(SUzl), microinjection of oocytes, and blastocyst injection.

There are typically four main experimental designs to
determine the risk of pathogen transmission by in vivo—
derived embryos (Hare 1990):

e in vitro—in vitro: embryos from clean donors are ex-
posed to the pathogen in vitro and assayed in vitro

e in vitro—in vivo: embryos from clean donors are ex-
posed to the pathogen in vitro and transferred to sero-
negative recipients, which are screened for the
development of antibodies to the pathogen
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* in vivo—in vitro: embryos are collected from infected
and/or seropositive donors and assayed in vitro

e in vivo—in vivo: embryos are collected from infected
and/or seropositive donors and transferred to seronega-
tive recipients, which are screened for the development
of antibodies to the pathogen.

In efforts to gain more knowledge about the epidemio-
logical potential of current and emerging ARTS, the main
difficulty of working with an in vivo system is the selection
of mice that are carrying the virus as they may be seropos-
itive but not necessarily virus positive. Many of the well-
known murine pathogens are shed for a short period of time
and diagnosis of virus-positive mice depends heavily on
environmental monitoring. In some cases, fecal samples are
adequate for antemortem determination of the microbiologi-
cal status (e.g., for parvoviruses, MNV, MHV, mouse rota-
virus, reo 3, and TMEV). In order to gain as much
information as possible about the biological interaction of
the germplasm with pathogens it is generally speedier to
perform experimental work that more or less simulates in
vivo conditions. However, experimental designs often in-
clude infections with high viral doses to demonstrate the
“worst case” scenario.

In the in vitro system, pathogens may be present either
in the collecting media or in or on the gametes or embryos
themselves. In vitro fertilization (IVFY) with infected sper-
matozoa and/or oocytes is an effective method to determine
the risks posed by gametes or in vitro—derived embryos. The
resulting embryos are analyzed in vitro by polymerase chain
reaction (PCR) and/or are transferred to seronegative recipi-
ents that are monitored for seroconversion. It is also useful
to screen their pups for the presence of the virus by PCR or
serological analysis. A further step in determining the epi-
demiological potential of such germplasm is to monitor the
collecting and washing fluids for the presence of the infec-
tious agent, usually by PCR and virus isolation in cell cul-
ture. Embryos are usually kept in short-term culture (e.g.,
for 1 day) to prevent low levels of viruses from replicating
to such an extent that they pose a real threat.

Transmission of Pathogens by Spermatozoa

IVF with fresh samples of mouse spermatozoa resulted in
live offspring as early as 1969 (Mukherjee and Cohen
1970), and cryopreservation of sperm with subsequent IVF
and recovery of live mice started in the early 1990s (Yo-
koyama et al. 1990). Advances in cryopreservation of sper-
matozoa, IVF, ICSI, and embryo culture techniques make
sperm cryopreservation a reliable means for preserving
mouse strains and lines.

Few studies have examined the possibility of transmis-
sion of murine pathogens by spermatozoa. Dutko and Old-
stone (1979) found that murine cytomegalovirus (MCMV)
replicated in germ cells of the testes. Baskar and colleagues
(1986) confirmed this observation and found viral particles
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in spermatids; however, they did not detect any decreased
fertility in these male mice and embryos developed nor-
mally to the blastocyst stage. Tebourbi and colleagues
(2002) examined whether MCMYV microinjected directly
into zygote-stage embryos (simulating ICSI conditions)
would result in infected live pups; they were able to infect
the embryos, and the virus was present up until the blasto-
cyst stage but disappeared in fetuses and pups. Retroviruses
have been demonstrated to replicate in epididymal sperm
epithelium and associate with spermatozoa as they move
through the epididymis, suggesting that venereal transmis-
sion is possible (Kiessling et al. 1989).

Recent studies have focused on murine pathogens that
are prevalent in mouse colonies. Scavizzi and Raspa (2004,
2006) examined testes and epididymis for the presence of
Helicobacter typhlonius and MHV, both of which were
present transiently. In these two studies, spermatozoa col-
lected from males with testes that tested positive for either
H. typhlonius or MHV failed to produce positive live pups
after IVF and embryo transfer (ET*). Peters and colleagues
(2006) demonstrated that standard washing procedures in
the IVF and embryo culture system are sufficient to elimi-
nate MHV transmission when spermatozoa and oocytes are
incubated with high levels of virus. MPV was recently
found in spermatozoal samples (Agca et al. 2007), but it
remains to be determined if embryos generated using MPV-
contaminated sperm result in infected offspring. In a recent
study (Mahabir et al. 2007a) we demonstrated that MVM-
exposed in vivo—derived embryos washed ten times are still
capable of transmitting the virus to recipient female mice.
However, we also demonstrated that the IVF-ET procedure
with MVM-contaminated spermatozoa resulted in the pro-
duction of virus-free seronegative pups (Mahabir et al.
2008).

Additional studies are needed to determine whether
other prevalent viruses such as MNV, rotavirus, or TMEV
can be transmitted by spermatozoa. Methods to remove
pathogens from mouse spermatozoa have not been widely
explored but one study did demonstrate that percoll sepa-
ration of spermatozoa was not sufficient to remove MPV
(Agca et al. 2007).

Transmission of Pathogens by Ovaries,
Oocytes, and Embryos

Pathogens can be transmitted by ET to recipients by con-
taminated personnel, instruments, or equipment, and trans-
port or wash medium, as well as in or on the embryo itself,
although an intact ZP is usually regarded as a mechanism
for preventing pathogen transmission during ET. Agents
that infect embryos could be viruses, bacteria, fungi, myco-
plasmas, or parasites, but because of their size viruses are
the most likely pathogens to be transmitted during ET.
Oocytes are typically collected and immediately used in
ICSI or IVF with cryopreserved sperm, although cryopres-
ervation of oocytes is possible and becoming more common
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(Endoh et al. 2007). Females are superovulated and the
cumulus oocyte complexes (COCs) can either be used as
intact clutches for IVF or treated with hyaluronidase to re-
move the cumulus cells for ICSI. Wild-type oocytes are
usually collected from female donors held in known patho-
gen-free colonies and are coincubated with spermatozoa
containing the mutation or gene of interest. However, in rare
instances, oocytes or ovarian tissue (Gunasena et al. 1997;
Hani et al. 2006) may be used as the primary means to
recover mutant or transgenic mouse lines and the risk posed
by pathogens may be higher in these cases.

Ovarian tissue cryopreservation is particularly useful for
mouse models in which male infertility occurs (such as the
X-autosome translocation mouse lines) or for rescue of lines
in which only female animals are available (Disteche et al.
1979; Takahashi et al. 2001). Ovarian tissue transplantation
carries an increased risk compared to gametes and embryos
because it is a complex organ with multiple cell types, and
tissue from viremic donors is likely to transfer infectious
organisms. Retroviral contamination of donor tissue by a
recipient female has occurred with transmission to recov-
ered offspring (Lock et al. 1988), demonstrating that genetic
alteration via retroviruses can occur in offspring as a con-
sequence of either the donor or recipient female. Ovarian
tissue from mice naturally infected with MHV has been
shown to transmit MHV to the recipient females and off-
spring (Scavizzi and Raspa 2004). In contrast, H. typhloni-
us—infected ovarian tissue transplantation did not result in
infection of the recipient female or offspring (Scavizzi and
Raspa 2006). Researchers have found MPV in both ovarian
tissue and oocytes (Agca et al. 2007), but it is unknown
whether transplantation of infected ovarian tissue results in
infection of recipient females and their offspring.

Very small viruses belonging to the Picornaviridae fam-
ily—for example, Mengo virus, which is 27 to 28 nm
(Gwatkin 1963, 1966, 1967), and the Coxsackie B-4 virus,
which is 30 nm (Heggie and Gaddis 1979)—have been
shown to traverse the ZP of murine embryos. Investigators
have documented LCMV in mouse oocytes and embryos,
providing evidence of transmission via the oocyte (Mims
1966), and Sendai virus (100 to 200 nm) in the murine ZP
(Lavilla-Apelo et al. 1991, 1992; Tuffrey et al. 1972). One
study reported infection with polyoma in the trophectoderm
but not in the inner cell mass of murine embryos (Abram-
czuck et al. 1978).

Transmission of Pathogens by ES Cells

We include ES cells in this overview as they are fundamen-
tal to the production of genetically engineered mice. During
blastocyst injection, besides feeder cells and the blastocysts
themselves, the ES cells may harbor infectious pathogens.
The exchange of ES cells between laboratories worldwide
may increase the risk of transmitting mouse infectious
agents as ES cells are often not screened for viruses, and
viral contamination and infection are not readily detectable
by cell morphology.
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Although a survey of 46 ES cell lines did not show the
presence of murine infectious agents (Nicklas and Weiss
2000), two studies showed that murine ES cells infected
with MHV-2 (Kyuwa 1997; Okumura et al. 1996) and
MHV-A59 (Kyuwa 1997) grew in vitro without showing
either cytopathic effects or signs of differentiation (Kyuwa
et al. 1997; Okumura et al. 1996). In addition to MHV,
parvovirus and mycoplasma contamination has been found
in ES cells submitted to diagnostic laboratories for PCR
testing (BB personal communication with Lela Riley, Uni-
versity of Kansas, August 2007). The risk of ES cell con-
tamination by feeder cells and embryos can be reduced by
obtaining them from mice that are free of relevant pathogens.

Efficacy of Washing Protocols and Embryo
Transfer in Eliminating Viruses

Washing protocols for embryos remove the viruses from the
germplasm to a level below an infectious and/or immuno-
genic dose. Although there are well-established washing
protocols for the embryos of some domestic animals such as
cattle and pigs (Stringfellow and Seidel 1998), none exist
for murine embryos. Some major contributing factors to
reducing the risk of pathogen transmission during washing
of the embryos include working under sterile conditions,
repeated testing and use of pathogen-free reagents, use of a
new pipette between washing drops, dilution of the washing
fluids in a 1:100 range, and removal of ZP-less or damaged
embryos before transfer to suitable recipient mice.
Because of the ZP’s porous nature and depending on the
virus size, even after washing there may be a risk of viruses
nesting in the ZP micropores. For example, reports show
that trysin treatment of embryos has not been successful in
removing Sendai virus even after 12 washings (Lavilla-
Apelo et al. 1991). Experimental infection with MVVM and
washing of embryos 10 times with medium revealed trans-
mission of the virus by in vivo—derived embryos (Mahabir
et al. 2007a) but not by embryos produced by IVF of oo-
cytes with MVVM-coincubated spermatozoa (Mahabir et al.
2008). This was an unexpected result that may be due to
differences in the characteristics of the embryos themselves.
With respect to in vitro—derived embryos, the cumulus
cells surrounding the oocytes may have adsorbed some of
the virus thereby reducing the quantity left for entrapment in
the micropores. Furthermore, the cumulus cells block entry
of the virus as micropores are present only after removal of
these cells. Removal of the cumulus cells and washing of
oocytes have been shown to eliminate MPV contamination
in mouse oocytes (Agca et al. 2007), and this approach
should be sufficient to remove the majority of viral con-
taminants when they are not present in the oocyte itself.
Embryo transfer recipients in rederivation programs
should be held in individually ventilated cages (I\VCs*) until
testing shows that they are free of all unwanted microor-
ganisms, including those listed in Appendix 3 of the Fed-
eration of Laboratory Animal Science Associations
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(FELASA) recommendations (Nicklas et al. 2002). There
should be a minimum of 6 weeks between the ET and mi-
crobiological examination of the recipients, coinciding with
weaning of the offspring at 3 or 4 weeks of age (wild-type
littermate pups should not undergo health monitoring until
they are at least 6 weeks old).

Some mouse facilities screen recipients before releasing
pups into full barrier areas and, for subsequent screening of
the pups themselves, use sentinel mice or random samples
from the colony. Other mouse facilities screen the recipient
mother and at least one pup from each litter (usually a
wild-type pup) before releasing rederived pups into full bar-
rier areas. If wild-type pups are not available for screening,
it may be preferable to use cohoused wild-type sentinels
placed at the time of weaning rather than relying on test
results of genetically altered mice whose immune status is
usually unknown.

A number of reports have shown that in vitro—derived
2-cell embryos (Peters et al. 2006) and in vivo—derived
1-cell (Van Keuren and Saunders 2004) and 2-cell embryos
(Carthew et al. 1983, 1985; Mahabir et al. 2007a; Reetz et
al. 1988; Suzuki et al. 1996) did not pose a risk of trans-
ferring MHYV during embryo transfer. In addition, embryos
from mice from holding areas that were positive for MAdV,
mouse rotavirus, MPV, or TMEV led to rederivation of the
mouse lines (Van Keuren and Saunders 2004). The efficacy
of embryo transfer for rederiving mice is reported to be
high. Due to short periods of virus shedding, donor mice
may be seropositive but may not be virus carriers, thus
leading to the production of virus-free seronegative pups.

Reducing the Risks Posed by Mouse and
Germplasm Trafficking

Laboratories that deal with frequent imports of mice and
biological materials should establish and implement effec-
tive measures to reduce the risk of transmitting infectious
agents to staff or existing animal colonies at the importing
institution. Even collection of germplasm under sterile con-
ditions does not prevent dissemination of infectious agents
from colonies where they are prevalent. Although health
certificates that precede or accompany an import colony
provide information on the animals’ health status and a 1- to
1Y%»-year history of health data, because of the interval be-
tween collection and analysis of the samples and prepara-
tion of the health report, both mice and biological materials
should be considered carriers of microorganisms unless
analyses prove the absence of contaminants. Imported mice
should therefore be kept in quarantine pending reevaluation
of their health status and biological materials should be
carefully screened before use.

To enable facility management to obtain sound infor-
mation on imported animals’ current health status at any
given time, each facility should design and implement
health monitoring programs based on its needs. These pro-
grams use randomly sampled mice, contact sentinels, or
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sentinels exposed to soiled bedding. Some protocols also
include monitoring of exhaust air for pathogens not trans-
ferred by soiled bedding (Brielmeier et al. 2006; Compton
et al. 2004).

In recent years, there has been an increase in the use of
IVC rack systems in laboratory rodent facilities. Recent data
(Brielmeier et al. 2006) show that IVCs provide complete
biocontainment when infected and noninfected mice are
kept in separate cages in the same IVC rack provided that
cage bedding is changed in class Il laminar flow hoods or
cage changing cabinets (CCCs) and appropriate standard
operating procedures (SOPs) are strictly observed. In a typi-
cal IVC rack, each cage receives high-efficiency particulate
air (HEPA)filtered air. Mice are kept under positive pres-
sure to protect them from airborne infectious or other nox-
ious particulate agents in the environment (Clough et al.
1995; Cunliffe-Beamer and Les 1983; Lipman et al. 1993;
Lipman 1999). Similarly, the exhaust air from the cages is
HEPA-filtered before being returned to the room environ-
ment or to the heating, ventilation, and air conditioning
(HVAC) system.

Maintaining mice under negative pressure prevents dis-
semination of pathogens into the environment and mini-
mizes (Gordon et al. 2001; Lipman 1999) or prevents
transfer of infectious agents from cage to cage in an IVC
rack or room, depending on the IVC rack model. For bio-
containment purposes, 1\VVCs are optimal for holding im-
ported mouse colonies under quarantine pending the
completion of adequate microbiological analyses. Irrespec-
tive of the health report from the exporting institution, some
facilities conduct routine prophylactic treatments of all im-
ported and quarantined mice for pinworm and ectoparasites.
Others refuse import applications for mice infected with
parasites and authorize such imports only if the mice have
been successfully treated at the exporting institution before
shipment.

Once the health status of an imported mouse colony is
found compatible with that of the importing institution mice
may be transferred from the quarantine area to an experi-
mental unit and released for investigators’ use. Although
IVCs meet a number of requirements for breeding and hold-
ing mice under specific pathogen-free (SPF) conditions in
experimental units, filter-top cages are an economical and
suitable alternative. For core breeding units and long-term
holding of laboratory mice under SPF conditions, full bar-
rier areas with a wet entry system or air shower and the use
of IVCs have become an international standard. In general,
these units do not allow access to investigators and mice are
imported into the barrier only by ET.

Trafficking of biological materials, including germ-
plasm and ES cells, should meet the same hygienic stan-
dards as those required for importing laboratory mice. Care
should be taken to ensure that collection and/or processing
of cells and tissues of the germplasm are performed under
sterile conditions. To determine microbiological status—for
example, if investigators suspect the presence of a particular
agent or wish to screen for a limited number of agents—it
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may be useful to test aliquots of biological materials, col-
lection media, or washing drops by molecular biological
analysis. Well-established sensitive PCR techniques are
available for determining the microbiological status of mu-
rine biological materials in-house or by commercial labo-
ratories. In addition, the mouse antibody production (MAP)
test (Bauer et al. 2004; Blank et al. 2004; Bootz et al. 2003;
Livingston et al. 2004; Mahabir et al. 2004) is also per-
formed as antibodies to several viruses are detectable by
standard serological analyses. For such tests, mice should be
free of all FELASA-listed microorganisms (as well as
MNV) and held under conditions that prevent dissemination
of infectious agents.

Conclusion

Taken together, health monitoring, evaluation of the risk of
pathogen transmission by mouse and germplasm traffick-
ing, and appropriate managerial strategies are fundamental
components of a facility’s quality assurance program. Last
but not least, the establishment and implementation of suit-
able quality assurance programs are based on the expertise
of the facility’s supervisory staff, who must have sufficient
knowledge of and experience in laboratory animal science
(Nevalainen et al. 1999).
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