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The Use of Cross-foster Rederivation to Eliminate
Murine Norovirus, Helicobacter spp., and Murine
Hepatitis Virus from a Mouse Colony

James E Artwohl,” Jeanette E Purcell, and Jeffrey D Fortman

Over 10 mo, 287 mouse litters were cross-fostered by using 1 of 2 paradigms to eliminate murine norovirus (MNYV), Heli-
cobacter spp., murine hepatitis virus (MHV), and Syphacia obvelata. Paradigm 1 involved cross-fostering litters at younger
than 48 h with no attention to the changing of bedding material. Paradigm 2 involved cross-fostering litters at younger than
24 h from cages in which the bedding material was changed within 24 h before cross-fostering. After cross-foster rederivation,
mice were tested for the presence of Helicobacter spp. by means of fecal PCR at 4, 8, and 12 wk. Surrogates also were tested for
MNV by use of multiplex fluorometric assay serology at 4 wk and fecal PCR at 12 wk. Surrogate mice were tested for MHV
by means of MFIA at 4 wk and for pinworms by perianal tape test and fecal flotation at 4 and 12 wk. Compared with those
from paradigm 1, litters from paradigm 2 were less likely to be positive for MHV and Helicobacter spp. The use of cross-foster
rederivation alone was unsuccessful for the elimination of Syphacia obvelata. For cross-foster rederivation, we recommend
that litters be younger than 24 h and from cages in which the bedding material was changed within 24 h before cross-fostering.

The presence of MNV, Helicobacter spp., and MHV can be predicted reliably at 12, 8, and 4 wk, respectively.

Abbreviations: MHV, murine hepatitis virus; MFIA, multiplex flurometric assay; MNV, murine norovirus

The elimination of rodent pathogens is desirable from both
animal welfare and scientific perspectives. Rodents that har-
bor murine norovirus (MNV), Helicobacter spp., and murine
hepatitis virus (MHV) can affect animal welfare by causing
clinical disease.*>334 In addition, subclinical infections can
affect welfare by increasing the variability of experiments and
confounding results, which can increase the number of animals
used. More specifically, MNV can cause histopathologic chang-
es?* that confound experimental data. Helicobacter species such
as H. hepaticus or H. bilis can confound carcinogenesis studies
and alter inflammatory responses in infected mice.'3?32 Murine
hepatitis virus can cause immunosuppression, blood dyscrasias,
and increased tumorcidal activity of macrophages.®2>2632 Sy-
phacia obvelata can inhibit the development of diabetes in NOD
mice, terminate self tolerance and enhance autoimmune disease,
and stimulate mucosal immunity.»%14

Rederivation of mice can be accomplished by embryo transfer,
hysterectomy of late-term fetuses, or by cross-fostering neonatal
pups to surrogate mothers with the appropriate microbial status.
The primary advantage of using cross-fostering as a means of
rederivation is that it is less invasive and technically demand-
ing than embryo transfer. Furthermore, it does not require the
euthanasia of donor females. Cross-foster rederivation should
be considered where insufficient adult mice or embryos are
available. A disadvantage of using cross-fostering as a means
of rederivation is the increased opportunity for neonates to
become contaminated after they are born. Moreover, cross-
foster rederivation will not prevent contamination of a litter
if the microbial agent undergoes intrauterine transmission.
Neonatal cross-foster rederivation is reported to be effective in
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eliminating Helicobacter spp.112303L35 and MHV;?>% however,
the literature lacks descriptions of its utility in the elimination
of MNV and pinworms. In this study, we assessed the feasibility
of using cross-foster rederivation as a means to eliminate not
only Helicobacter spp. and MHV but also MNV and pinworms
from a mouse colony where these agents are enzootic.

Materials and Methods

Facility. The Biologic Resources Laboratory is the central
animal facility at the University of Illinois at Chicago, an
AAALAC-accredited institution. The first floor of the facility
is 32,705 ft? and housed both conventional and barrier mice. At
the initiation of the study, conventional and barrier mice were
housed in separate and distinct areas of the facility.

Husbandry. Before the rederivation program, conventional
mice at the facility were housed in open, nonsterile, sanitized
shoebox cages. The cages were changed on an open bench; dirty
cages were disassembled and stacked into component parts in
the room. Mice were fed nonirradiated, nonautoclaved diet (ro-
dent diet 8640, Harlan Teklad, Madison, WI), offered municipal
water in bottles, and were housed on nonsterilized corncob
bedding (1/4-in.; 7090, Harlan Teklad). When the rederivation
program was initiated, conventional mice were housed in static
autoclaved (sterilized) microisolation caging with standard
irradiated diet (rodent diet 7912, Harlan Teklad), autoclaved
municipal water in bottles, and autoclaved corncob bedding.
Cages were changed on an open bench, and dirty cages were
disassembled and stacked into component parts in the room.

Before and during the rederivation program, barrier mice
were housed in static autoclaved microisolation caging with
irradiated diet, autoclaved municipal water in bottles, and
autoclaved corncob bedding. The cages were changed in hoods
(Class II Type A biosafety cabinets, animal transfer stations, or
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laminar-flow work benches), and dirty cages were disassembled
and stacked into component parts in the room.

The mice used as surrogates mothers for cross-foster red-
erivation were housed in a separate limited-access room in
static autoclaved microisolation caging with irradiated diet,
autoclaved municipal water in bottles, and autoclaved corncob
bedding. The cages were changed in a Class II Type A biosafety
cabinet (model B40-ATS, Baker, Sanford, ME), and dirty cage
component parts were reassembled in the hood before transfer
to the cagewash area. Dedicated staff managed and performed
all procedures in this room. Animal care staff were dedicated
to conventional or barrier mouse rooms on a given day. Auto-
claved nesting material (Nestlet, Ancare, Bellmore, NY) was
routinely provided only for surrogate mothers. Two months
after initiation of the rederivation program, the irradiated diet
was changed to a nonirradiated rodent diet that contained fen-
bendazole (TD 01432, Harlan Teklad) for all surrogate mothers
that received conventional mouse litters. Fenbendazole was not
provided to the conventional mice as a cost-saving measure
and to decrease the likelihood of antimicrobial resistance. All
cages were changed in accordance with standard operating
procedures for handling static microisolation caging and include
the use of 100-ppm chlorine dioxide (MB10, Quip Laboratory,
Wilmington, DE) as a disinfectant. Cages were sanitized in a
cage-washer prior to autoclaving.

Determination of prevalence. Conventional mice were se-
ropositive to MNV and MHV via multiplexed fluorometric
immunoassay (MFIA), genus-specific fecal PCR-positive to
Helicobacter spp.,'* and positive for Syphacia obvelata by either
perianal tape test, fecal flotation, or histopathologic findings
(Table 1). Barrier mice were seropositive to MNV via MFIA
and generic fecal PCR-positive to Helicobacter spp. (Table 2).
Prevalence rates for MNV, Helicobacter spp., and MHV were
determined by randomly sampling 18 cages in each mouse room
(each mouse room had about 300 cages), averaging the mean
values, and determining the standard deviation of the entire
group. Helicobacter spp. prevalence in the conventional rooms
was estimated to be same as that in the barrier rooms. Pinworm
prevalence was estimated based on historic tests (tape test, fecal
flotation, and histopatholgic data over a 15-y period). All the
mice were free of mouse parvovirus 1 and 2, Theiler disease
virus, rotavirus, Sendai virus, pneumonia virus of mice, reovi-
rus, Mycoplasma pulmonis, lymphocytic choriomeningitis virus,
mouse adenovirus, Ectromelia virus, K virus, polyoma virus,
mouse thymic virus, mouse cytomegalovirus, Hantaan virus,
Encephalitoozoon cuniculi, and cilia-associated bacillus.

Animals. Surrogate mothers and males used to breed sur-
rogate mice were either Hsd:ICR (Harlan Teklad) or Crl:CD1
(Charles River, Portage, MI). These vendors were free of mouse
parvovirus 1 and 2, Theiler disease virus, rotavirus, Sendai
virus, pneumonia virus of mice, reovirus, Mycoplasma pulmo-
nis, lymphocytic choriomeningitis virus, mouse adenovirus,
Ectromelia virus, K virus, polyoma virus, mouse thymic virus,
mouse cytomegalovirus, Hantaan virus, Encephalitoozoon cu-
niculi, and cilia-associated bacillus. Before pairing them to breed,
mice were acclimated for 3 d after arrival. The mice that were
rederived had various genetic backgrounds and specific gene
additions or deletions. The procedures described in this report
were approved by the University of Illinois at Chicago Animal
Care Committee.

Cross-fostering procedure. The cross-foster procedure re-
quired 2 people. The first person examined pregnant donor
mothers at least once every other day. Newborn litters were
taken from their mother’s cage, transported between 2 molded

disposable face masks (Maytex, Shaoxing, China), gross contam-
ination was removed, and given to a second person. The second
person took the litter to the surrogate mouse room, where the
litter was sprayed with 100-ppm chlorine dioxide and left wet
for 2 min. The chlorine dioxide was blotted from the litter using
a paper towel. The litter then was placed within the surrogate
mother’s nest after removal of the surrogate mother’s litter. The
surrogate mother’s pups were euthanized by exposure to CO,
followed by cervical dislocation. For the purpose of transferring
scent to the donor pups, 2 of the surrogate mother’s pups were
left with their mother if they had a different coat color than the
donor litter. Approximately 10% of the cross-foster litters died
within the first week of birth. No litters were lost after the first
week postpartum.

Sample collection. Surrogate mothers were euthanized at the
time of weaning (4 wk). The mother was anesthetized with 100
mg/kg ketamine and 5 mg/kg xylazine (both given intraperi-
toneally), a blood sample was collected in a biological safety
cabinet by means of cardiocentesis, and the mother was cervi-
cally dislocated. Serum samples were diluted 1:5 in PBS (pH 7.2;
Sigma—Aldrich, St Louis, MO), frozen at —20 °C, and shipped
within the week to the laboratory performing the tests.

Fecal samples were collected inside a biological safety cabinet.
Between cages, forceps were sterilized at 121 °C for 17 s in a
glass-bead sterilizer (Steri 350, Inotech, Rockville, MD). Fecal
samples were put in 0.5-ml microcentrifuge tubes (Fisher Sci-
entific, Pittsburgh, PA) and placed in sealed plastic bags. The
samples were refrigerated at 5 °C after collection and sent to an
overnight carrier by means of a courier without refrigeration
within 1 wk of collection.?

Rederived mice were tested by MFIA for MNV (Charles River
Labs, Wilmington, MA) by using surrogate mother serology at
4 wk after cross-fostering and viral nucleic acid fecal PCR of
litters at 12 wk (Research Animal Diagnostic Laboratory, Uni-
versity of Missouri, Columbia, MO). Mice were tested for the
presence of Helicobacter spp. using 16S ribosome nucleic acid
(Research Animal Diagnostic Laboratory) at 4, 8, and 12 wk.
Mice were tested via MFIA for MHV (Charles River) by using
surrogate mother serology at 4 wk. Finally, mice were tested
in-house for pinworms by fecal flotation and perianal tape test
at4 and 12 wk.

Positive litters were removed from the room immediately and
not further tested. After identification of an MHV-positive cage,
we performed serologic testing on 1 immunocompetent mouse
per cage on the rack in which the positive cage was detected.
Cages were tested every 2 wk for a minimum of 2 tests. We did
not do follow-up testing when cages positive for Helicobacter
spp. or MNV were identified.

Paradigms. Cross-foster rederivation followed 1 of 2 para-
digms. Paradigm 1 included litters that were younger than 48 h
at the time of cross-fostering. In this paradigm, the mouse litter
may have been exposed to contaminated bedding that had been
in the cage for up to 7 days.

Paradigm 2 included litters that were younger than 24 h at the
time of cross-fostering. In this paradigm, the cage of the donor
mother was changed daily after she was considered to be in late
gestation. As a result, the mouse litter was exposed to contami-
nated bedding that had been in the cage for less than 24 h.

The litters were not selected prospectively into the differ-
ent paradigms but were assigned the paradigm after a litter
was born. Mice typically were checked daily or at least every
48 h. The mice from which litters were collected were adults
younger than 1 y and were of the genotype identified by the
investigator.
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Table 1. Prevalence and Incidence of MNV, Helicobacter spp., MHYV, and Syphacia obvelata in conventional mouse rooms

Paradigm 1 Incidence

Paradigm 2 Incidence

Mean (range)

of prevalence in conven- Total no. of No. of positive

% positive Total no. of No. of positive

tional colony litters litters litters litters litters % positive litters
MNV 85% 57 3 5% 142 1at4 wk 0.7%
(73% to 100%)? (2 at 4 wk;
1 at 12 wk)d
Helicobacter spp. 90%® 57 6 11% 142 lat4 wk 0.7%
(4 at 4 wk;
2 at 8 wk)
MHV 98% 57 7 at4 wk 12% 142 0 0%
(88% to 100%)
Syphacia obvelata 90%* 2¢ 2 at4 wk 100% 1¢ 1lat4 wk 100%

The range is 2 standard deviations around the average prevalence of the rooms.
PEstimate of Helicobacter prevalence in the conventional mice based on our obtained value in the barrier rooms.
Estimate of the Syphacia obvelata prevalence in the conventional mice estimated based on historic tape test, fecal flotation, and histopatholgic

data
dIndicates the number of weeks after cross-fostering.

®None of the surrogate mothers were fed a diet containing fenbendazole. Pinworm treatment was instituted after the first 3 cross-fostered litters.
None of these litters were included the total 287 conventional and barrier litters reported for the other agents.

Table 2. Prevalence and Incidence of MNV and Helicobacter in barrier mouse rooms

Mean (range)

Paradigm 2 Incidence

Paradigm 2 Incidence

of prevalence

Total no. of No. of positive

% positive Total no. of No. of positive

in barrier rooms litters litters litters litters litters % positive litters
MNV 85% (49% to 100%)? 29 1at4 wkb 3.4% 59 0 0%
Helicobacter spp. 89% (58% to 100%) 29 5 17% 59 1at4 wk 1.7%
(4 at 4 wk;
1 at 8 wk)

aThe range is 2 standard deviations around the average prevalence of the rooms.

PIndicates the number of weeks after cross-fostering.

Follow-up testing. The testing program for mice after the
rederivation was as follows. Thirty-six tests are performed per
testing interval in a 3000 mouse box facility. Each sentinel cage
is used to test between 30 to 130 cages and is exposed to dirty
bedding from these cages. One teaspoon of soiled bedding from
each dirty cage is placed into the sentinel cage, mixed thor-
oughly, and a portion of this is used as bedding for the sentinel
cage. Testing comprised: monthly serologic testing for MHV and
MNYV; quarterly fecal PCR Helicobacter spp. and MNV testing;
quarterly perianal tape test and fecal flotation for pinworms;
quarterly MFIA (Charles River Labs) for mouse parvovirus 1 and
2, minute virus of mice, MHYV, rotavirus, Theiler disease virus,
Sendai virus, pneumonia virus of mice, reovirus, and M. pul-
monis; and annual MFIA for mouse parvovirus 1 and 2, Theiler
disease virus, rotavirus, Sendai virus, pneumonia virus of mice,
reovirus, Mycoplasma pulmonis, lymphocytic choriomeningitis
virus, mouse adenovirus, Ectromelia virus, K virus, polyoma
virus, mouse thymic virus, mouse cytomegalovirus, Hantaan
virus, Encephalitoozoon cuniculi, and cilia-associated bacillus.

Statistical methods. Statistical comparisons were made
between the success rates of the 2 paradigms for all agents
studied and between the success rates for mice from barrier
and conventional rooms. The Fisher Exact Test (version 9.1, SAS
Software, Cary, NC) was used for all comparisons. A P value
less than 0.05 was considered as a significant result.

Results
A total of 287 litters (199 from conventional rooms and 88 from
barrier rooms) were studied. Data from the first 3 conventional

litters was not included in the 287 litters. Cross-fostered pups
from these 3 litters were positive for Syphacia obvelata. This re-
sult prompted the change to a nonirradiated rodent diet with
fenbendazole for surrogate mothers when conventional litters
were cross-fostered onto them. After that change was made, no
litters became positive for pinworms. Results from the conven-
tional mouse rooms are presented in Table 1. Of the 199 litters
cross-fostered, 3 were positive for MNV based on surrogate
mother serology at week 4, and 1 was positive for MNV based
on litter fecal PCR at week 12. The litter that tested positive by
fecal PCR at week 12 was negative for MNV based on surro-
gate mother serology at week 4. Seven of the 199 cross-fostered
conventional litters were positive for Helicobacter spp. based on
litter fecal PCR at either week 4 or 8. Two litters of mice that
were negative for Helicobacter spp. at week 4 became positive
at week 8. Seven of the 199 conventional litters cross-fostered
from rooms enzootic with MHV were positive for MHV based
on surrogate mother serology.

Results from the 88 barrier-born litters are presented in Ta-
ble 2. One of these 88 litters was positive for MNV based on
surrogate mother serology at week 4, and 6 were positive for
Helicobacter spp. based on litter fecal PCR at either week 4 or
8. One litter that was negative for Helicobacter spp. at week 4
became positive at week 8.

The success of eliminating MNV and Helicobacter spp. did
not differ between conventional and barrier mice. Litters cross-
fostered under paradigm 2 were significantly less likely to test
positive for MHV (P = 0.0002) or Helicobacter spp. (P < 0.0001)
than were litters cross-fostered under paradigm 1. Comparing
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the 2 paradigms regarding the success in eliminating MNV
yielded a P value of 0.08.

We had no evidence of horizontal disease transmission for
any of the agents we were attempting to eliminate in the room
that housed the surrogate mothers. Two years have passed since
the last litter was rederived in this report, and we have had no
evidence of contamination with these agents.

Discussion

Cross-foster rederivation allowed successful rederivation
of mice contaminated with MNV, MHYV, and Helicobacter spp.
Using the procedures outlined here, we successfully used cross-
fostering to rederive 262 of 287 litters (barrier and conventional).
We initially used embryo transfer and late-term hysterectomy
as methods of rederivation. However, cross-foster rederivation
offered many advantages for our situation. For example, we
needed a method that allowed rederivation of a large number
of strains in a relatively short period of time. Minimizing the
time that investigators had both clean and contaminated mice
on campus decreased the risk of contamination of successfully
rederived mice. In addition, cross-foster rederivation provided
more flexibility because more personnel could be trained in the
procedure. Unlike embryo transfer and hysterectomy, cross-
foster rederivation did not require the euthanasia of valuable
breeding females. Finally, depopulation'® was not an option in
our situation.

Biosecurity in the surrogate room was critical for success
because more litters were likely to test positive during cross-
foster rederivation than with embryo transfer and hysterectomy
rederivation. The reassembly of dirty cage component parts
inside the hood prevented aerosolization and subsequent con-
tamination of the room that would have occurred had dirty
cages been disassembled and stacked. Dedicated and trained
staff were used to ensure that standard operating procedures
were followed. Biosecurity of the surrogate mouse room was
considered excellent in light of the lack of evidence of cross
contamination between cages when a litter in the room tested
positive for target agent(s).

Our strategy for biosecurity was early detection and elimina-
tion. Therefore, positive litters were removed from the room
immediately. In addition, the room, racks, and cage exteriors
were sanitized 3 times at 2-wk intervals after an agent was
detected in the room. Chlorine dioxide was used to disinfect
neonatal litters because it was readily available in the facility
and known to be effective against Helicobacter spp., MNV, and
MHYV according to California Department of Pesticide Regula-
tion. Iodine-containing disinfectant has also been used during
cross-foster rederivation.®® Changing cages daily reduces the
exposure of the litters before cross-fostering.” In paradigm 2,
the bedding and cages were changed daily during late gesta-
tion to increase the likelihood of success, and the data support
daily cage changing as an effective means to prevent MNV and
Helicobacter contamination. Murine hepatitis virus is a relatively
fragile virus, and changing cages daily may not have made a
great difference.

The selection of testing time points was based on obtain-
ing multiple test results to increase the chance of identifying
a positive litter within a 14-wk period. The 4-wk postpartum
time point was selected because it coincided with weaning and
was an early and convenient time to test the surrogate mother.
The 8- and 12-wk time points were selected as intervals that
allowed us to obtain results from more mature mice. Mice were
not tested beyond 12 wk because of investigator need to use
the rederived mice.

Murine norovirus does not appear to be transferred readily
to neonatal litters.® However, 4 of the 287 cross-fostered litters
had surrogate mothers that seroconverted to MNV at 4 wk,
and 1 litter that was negative at 4 wk was positive by viral
fecal PCR at 12 wk after cross-fostering. MNV contamination
between paradigms 1 and 2 was not significantly different,
although paradigm 2 tended (P = 0.08) to be less likely to yield
positive test results. Perhaps a larger sample size would have
shown a significant difference. The high prevalence of MNV in
barrier rooms is consistent with previous reports!® and likely is
due to persistent viral shedding!® and possibly environmental
contamination.” Because MNV is environmentally stable, an
important consideration regarding positive surrogate mothers
was failure to decontaminate virus from the skin of the pups.
Surrogate mothers may have become infected while grooming
the pups. The positive PCR test at 12 wk is more difficult to
explain. In this case, the negative MNV test at 4 wk could have
been a false negative, or the surrogate mother may have sero-
converted later. Mice that shed MNV typically seroconvert.?
Cross-contamination from other cages was highly unlikely
because no other contaminated mice were present in the room
during the time this litter was rederived.

Thirteen of the 287 cross-fostered (barrier and conventional)
litters were positive for Helicobacter spp.; 10 were positive at
week 4, and 3 were positive at week 8. Therefore, we recommend
that litters be tested for Helicobacter spp. at 8 wk after cross-
foster rederivation before release to the animal holding area.
Our findings are consistent with other reports on the effective
use of cross-foster rederivation in elimination of Helicobacter
spp. 1012303135 and MHV.223% More specifically, our data support
a previous recommendation® that litters younger than 24 h be
used when trying to prevent the horizontal transmission of
Helicobacter spp. from the mother to her newborn litter. Litters
of paradigm 2, which were younger than 24 h, were significantly
less likely to test positive for Helicobacter spp. and MHYV after
cross-foster rederivation.

Some scientists3® have raised concerns about in utero trans-
mission of Helicobacter hepaticus in immunodeficient mice
because it has been isolated from late-gestation SCID mouse
fetuses.?! The majority of mouse strains rederived at our facil-
ity were characterized as being immunocompetent. However
several genes were targeted (knocked out) in various mouse
strains to render the mice deficient in various aspects of the
immune system (Table 3). Only 1 B6.129 x 1-Mpot™!us litter
from these strains tested positive for Helicobacter spp. None of
these strains tested positive for MNV or MHYV after cross-foster
rederivation.

Adjunct methods for preventing Helicobacter spp. con-
tamination of newborn litters include removing the male
from the cage prior to parturition’ or feeding a diet containing
antibiotics!2171920 to the surrogate mother. Feeding medicated
food could be used if litters are not robust at birth and an extra
day on the natural mother would be considered beneficial or
if a surrogate mother is not available. Triple- and quadruple-
antibiotic diets (Bioserve, Frenchtown, NJ) are available for this
purpose. These diets are relatively expensive and not entirely
reliable.'2% Removing the male prior to parturition extends the
cross-fostering period needed to yield Helicobacter-free mice.’

Murine hepatitis virus is highly contagious and was read-
ily detected at 4 wk by surrogate mother serology. Our data
support a previous report?? in that we found no MHV-positive
litters when litters were cross-fostered at 24 h or younger. Our
data differ from another previous report,® in that we found
MHV-positive litters when they were cross-fostered at 48 h or
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Table 3. Genes of rederived mice targeted to render mice immunoincompetent

STOCK-Ifnartm1Agt STOCK-Ifngtm1Ts

B6.129-Pik3cgtm*
(University of Connecticut)

B6;129- Rac2tm1Din

B6;129-Myd88tm1Mas B6;129-Inpp5dtm1Pngr

B6.129-PrkccNaka B6;129-Dusp10tm1Cdo

B6.129X1-Prkeqtm1Drl B6;129-Ppp3catm1]mol

B6.12757-Fah/\

B6.129X1-Mpotm1Lus

exon5,RagltmiMom/]

B6.129-Sphk1tm1RIp

B6.129-Inpplltm* (IRIBHN, Brus-
sels, Belgium)

STOCK-Rgs2tm1Phgr

B6.129-Sphk1tm1RIp

C.Cg-Ifnartm* (Zurich, Switzer-
land)

B6.129-Rorctm1Drl

B6.129-S0d3tm1Mrkl

younger. However, these data are difficult to compare because
in our case, the prevalence of MHYV likely was decreasing with
time once use of microisolation filter tops was initiated. Most
of the MHV-positive litters occurred early during the process.
In contrast, the prevalence of Helicobacter spp. and MNV in the
barrier mice likely did not decrease during this process.

Only when combined with feeding surrogate mothers fenben-
dazole-containing diet did cross-foster rederivation eliminate
Syphacia obvelata. This report is the first in which fenbendazole-
containing diet has been used in conjunction with cross-foster
rederivation to eliminate Syphacia obvelata.

In conclusion, we have demonstrated that a cross-foster red-
erivation technique in combination with intensive testing and
removal of positive litters after cross-foster can successfully
eliminate MNV, Helicobacter spp., and MHV from a contami-
nated colony. We also have shown that 12 wk of age in the case
of MNV, 8 wk of age in the case of Helicobacter spp., and 4 wk
of age in the case of MHYV are reliable time points when test-
ing for these agents. Two years have passed since the last litter
in this report was rederived, and we have had no evidence of
contamination with the eliminated agents.

Acknowledgments
We want to acknowledge Maria Lang, Kim Starkey, Susana Stacha,
Rebecca Staley, Greta Nekrasova, and Joe Wroblewski for their techni-
cal assistance.

References

1. Agersborg SS, Garza KM, Tung KSK. 2001. Intestinal parasit-
ism terminates self tolerance and enhances neonatal induction of
autoimmune disease and memory. Eur ] Immunol 31:851-859.

2. Beattie GM, Baird SM, Lipsick JS, Lannom RA, Kaplan NO.
1981. Induction of T and B lymphocyte responses in antigenically
stimulated athymic mice. Cancer Res 41:2322-2325.

3. Beckwith CS, Franklin CL, Hook RR, Besch-Williford CL, Riley
LK. 1997. Fecal PCR Assay for diagnosis of Helicobacter Infection
in Laboratory Rodents. ] Clin Microbiol 35:1620-1623.

4. Barthold SW, Smith AL, Lord PFS, Bhatt PN, Jacoby RO. 1982.
Epizootic of coronaviral typhlocolitits in suckling mice. Lab Anim
Sci 32:376-383.

5. Barthold SW, Smith AL, Povar ML. 1985. Enterotropic mouse
hepatitis virus infection in nude mice. Lab Anim Sci 35:613-618.

6. Boorman GA, Luster MI, Dean JH, Campbell ML, Lauer LA,
Talley FA, Wilson RE, Collins M]J. 1982. Peritoneal macrophage
alterations caused by naturally occurring mouse hepatitis virus.
Am ] Pathol 106:110-117.

7. Cannon JL, Papafragkou E, Park GW, Osborne J, Jaykus LA,
Vinje J. 2006. Surrogates for the study of norovirus stability and
inactivation in the environment: a comparison of murine norovirus
and feline calicivirus. ] Food Protect 69:2761-2765.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Compton SR. 2007. Susceptibility of neonatal mice to murine no-

rovirus infection. [Abstract] ] Am Assoc Lab Anim Sci 3:25-30.

. Crisler-Roberts R, Ge Z, Kearney MT, Singletary KB, Fox JG,

Roberts CS, Baker DG. 2005. Evaluation of Helicobacter hepaticus
bacterial shedding in fostered and sex-segregated C57BL /6 mice.
Comp Med 55:515-522.

Duysen EG, Fry DL, Lockridge O. 2002. Early weaning and cull-
ing eradicated Helicobacter hepaticus from an acetylcholinesterase
knockout 1296 /SvEvTac mouse colony. Comp Med 52:461-466.
Feng S, KuK, Hodzic E, Lorenzana E, Freet K, Barthold SW. 2005.
Differential detection of five mouse-infecting Helicobacter species
by multiplex PCR. Clin Diagn Lab Immunol 12:531-536.

Foltz CJ, Fox JG, Yan L, Shames B. 1996. Evaluation of various
antimicrobial formulations for eradication of Helicobacter hepaticus.
Lab Anim Sci 46:193-197.

Fox JG, Rogers AB, Whary MT, Taylor NS, Xu S, Feng Y, Keys S.
2004. Helicobacter bilis-associated hepatitis in outbred mice. Comp
Med 54:571-577.

Gale EAM. 2002. A missing link in the hygiene hypothesis? Dia-
betologia 45:588-594.

Hsu CC, Riley LK, Wills HM, Livingston RS. 2006. Persistent
infection with and serologic cross-reactivity of three novel murine
noroviruses. Comp Med 56:247-251.

Hsu CC, Wobus CE, Steffen EK, Riley LK, Livingston RS. 2005.
Development of a microsphere-based serologic multiplexed
fluorescent immunoassay and a reverse transcriptase PCR assay
to detect murine norovirus 1 infection in mice. Clin Diagn Lab
Immunol 12:1145-1151.

Jury J, Gee LC, Delaney KH, Perdue MH, Bonner RA. 2005. Eradi-
cation of Helicobacter spp. from a rat breeding colony. Contemp Top
Lab Anim Sci 44:8-11.

Kastenmayer RJ, Perdue KA, Elkins WR. 2008. Eradication of
murine norovirus from a mouse barrier facility. ] Am Assoc Lab
Anim Sci 47:26-30.

Kerton A, Warden P. 2006. Review of successful treatment for
Helicobacter species in laboratory mice. Lab Anim 40:115-122.
Kostomitsopoulos N, Donnelly H, Kostavasili I, Paronis E, Al-
exakos P, Karayannacos P. 2007. Eradication of Helicobacter bilis
and Helicobacter hepaticus from infected mice by using a medicated
diet. Lab Anim 36:37—40.

Li X, Fox JG, Whary MT, Yan L, Shames B, Zhao Z. 1998. SCID/
NCr mice naturally infected with Helicobacter hepaticus develop
progressive hepatitis, proliferative typhlitis, and colitis. Infect
Immun 66:5477-5484.

Lipman NS, Newcomer CE, Fox JG. 1987. Rederivation of MHV
and MEV antibody positive mice by cross-fostering and use of the
microisolator caging system. Lab Anim Sci 37:195-199.

McBee ME, Iweala OI, Nagler-Anderson C, Schauer DB. 2005.
Subclinical Helicobacter hepaticus infection alters immune response
to soluble luminal antigen. [Abstract E21] 13 International Work-
shop on Campylobacter, Helicobacter, and Related Organisms, Gold
Coast, Queensland, Australia.

http://prime-pdf-watermark.prime-prod.pubfactory.con%s| 2025-02-25



Vol 47, No 6
Journal of the American Association for Laboratory Animal Science
November 2008

24.

25.

26.

27.

28.

29.

Mumphrey SM, Changotra H, Moore TN, Heimann-Nichols ER,
Wobus CE, Reilly MJ, Moghadamfalahi M, Shukla D, Karst SM.
2007. Murine norovirus 1 infection is associated with histopatho-
logical changes in immunocompetent hosts, but clinical disease
is prevented by STAT1-dependent interferon responses. J Virol
81:3251-3263.

Namiki M, Takayama H, Fujiwara K. 1977. Viral growth in splenic
megakaryocytes of mice experimentally infected with mouse
hepatitis virus MHV2. Jpn ] Exp Med 47:41-48.

National Research Council. 1991. Infectious diseases of mice and
rats. Washington (DC): National Academy Press.

Perdue KA, Green KY, Copeland M, Barron E, Mandel M,
Faucette L], Williams EM, Sosnovtsev SV, Elkins WR, Ward JM.
2007. Naturally occurring murine norovirus infection in a large
research institution. ] Am Assoc Lab Anim Sci 46:39-45.

Rao VP, Poutahidis T, Ge Z, Nambiar PR, Horowitz BH, Fox
JG, Erdman SE. 2006. Proinflammatory CD4* CD45RB(hi) lym-
phocytes promote mammary and intestinal carcinogenesis in
Apc(Min/+) mice. Cancer Res 66:57-61.

Rocha M, Avenaud P, Menard A, le Bail B, Balabaud C, Bioulac-
Sage P, de Magalhaes DM, Megraud QF. 2005. Association of
Helicobacter species with hepatitis C cirrhosis with or without
hepatocellular carcinoma. Gut 54:396-401.

30.

31.

32.

33.

34.

35.

36.

Singletary KB, Kloster CA, Baker DG. 2003. Optimal age at
fostering for derivation of Helicobacter hepaticus-free mice. Comp
Med 53:259-264.

Truett GE, Walker JA, Baker DG. 2000. Eradication of infection
with Helicobacter spp. by use of neonatal transfer. Comp Med
50:444-451.

Virelizier JL, Virelizier AM, Allison AC. 1976. The role of circu-
lating interferon in the modifications on immune responsiveness
by mouse hepatitis virus (MHV3). ] Immunol 117:748-753.

Ward JM, Fox JG, Anver MR, Haines DC, George CV, Collins
M], Gorelick PL, Nagashima K, Gonda MA, Gildren RV. 1994.
Chronic active hepatitis and associated liver tumors in mice caused
by a persistent bacterial infection with a novel Helicobacter species.
J Natl Cancer Inst 86:1222-1227.

Ward JM, Wobus CE, Tackray LB, Erexson CR, Faucette L], Bel-
liot G, Barron EL, Sosnovtsev SV, Green KY. 2006. Pathology of
immunodeficient mice with naturally occurring murine norovirus.
Toxicol Pathol 34:708-715.

Watson J, Keyata NT, Feldman SH. 2005. Successful rederivation
of contaminated immunocompetent mice using neonatal transfer
with iodine immersion. Comp Med 55:465-469.

Whary MT, Fox JG. 2006. Detection, eradication, and research
implications of Helicobacter infections in laboratory rodents. Lab
Anim 35:25-36.

24

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



