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A simple cage-autonomous method for
the maintenance of the barrier status of
germ-free mice during experimentation

G Hecht', C Bar-Nathan', G Milite?, | Alon’, Y Moshe’,
L Greenfeld', N Dotsenko', J Suez®, M Levy?, C A Thaiss?,
H Dafni', E Elinav® and A Harmelin'

Abstract

The use of germ-free (GF) isolators for microbiome-related research is exponentially increasing, yet limited
by its cost, isolator size and potential for trans-contamination. As such, current isolator technology is highly
limiting to researchers engaged in short period experiments involving multiple mouse strains and employing
a variety of mono-inoculated microorganisms. In this study, we evaluate the use of positive pressure Isocages
as a solution for short period studies (days to 2-3 weeks) of experimentation with GF mice at multiple sim-
ultaneous conditions. We demonstrate that this new Isocage technology is cost-effective and room-sparing,
and enables maintenance of multiple simultaneous groups of GF mice. Using this technology, transferring GF
mice from isolators to Isocage racks for experimentation, where they are kept under fully germ-free condi-
tions, enables parallel inoculation with different bacterial strains and simultaneous experimentation with
multiple research conditions. Altogether, the new GF Isocage technology enables the expansion of GF cap-
abilities in a safe and cost-effective manner that can facilitate the growth, elaboration and flexibility of

microbiome research.
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During recent years, the use of gnotobiotic animal
experimentation in the study of host-microbial inter-
actions has grown dramatically. This evolving interest
reflects the realization of the importance of the inter-
relationships of microbes and animal health in multiple
respects. This has led to the concept of the ‘superor-
ganism’ or ‘metaorganism’, a functional entity encom-
passing the host and its symbiotic microbiota, which is
dependent for its proper physiological function on
both eukaryotic and prokaryotic partners for an opti-
mal co-existence.! As such, research involving gnoto-
biotic animals may have an important role in the study
of diseases, as these ‘sterile’ mice can reflect the host as
a germ-free (GF) animal which is devoid of all demon-
strable associated forms of life, and can then be left to
its own resources. GF mice can be modified by mono-
or poly-inoculation with known microbial organisms
(gnotobiote) for the study of inter-microbiota relation-
ships within the host. Finally they may be used in the
mechanistic study of any external or endogenous factor

that modulates or has modulated the mammalian
microbial milieu (immune reaction, metabolism,
cancer and more).

Based on this concept, gnotobiotic animals have
been used in a wide variety of models demonstrating
the critical importance of various microbiota partners
and their interaction with the mammalian host such
as, among others, metabolic diseases,>” autoimmune
diseases,*’ cancers® and central nervous system
(CNS) diseases.”!”
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Gnotobiotic animals are usually reared and continu-
ously maintained using GF techniques under isolator
conditions to prevent microbial contamination.
Performing biological experimentation within GF iso-
lators is technically challenging, and so is long-term
animal handling for the purposes of breeding and
colony maintenance within a GF environment.
Furthermore, the use of conventional GF isolators
has even greater disadvantages when research necessi-
tates the simultaneous use of multiple mouse strains or
parallel inoculation of GF mice with a variety of micro-
organisms. In order to prevent any cross-contamina-
tion of study groups, current isolator technique
mandates that each group be individually housed in a
different isolator, which occupies space and creates
handling difficulties (often requiring gavage and
repeated handling using thick plastic gloves with lim-
ited field of view). Simplifying the complexity of GF
work in such experiments will enable multi-group
experiments to be carried out in a cost-effective and
efficient manner. In this article we demonstrate a new
simple, room-sparing and easy-to-handle method for
maintaining groups of GF mice for short periods of
time using GF Isocages.

Materials and methods

GF mouse validation studies were performed independ-
ently by two different laboratories using distinct meth-
ods (a biological experimental group, in parallel with
the Veterinary Resources Laboratory). Our major end-
point was to validate the Isocage technique for short
period studies, and in addition we tested other aspects
of the use of these cages, including:

e Maintenance of stock mice in GF condition in the
Isocage for at least 6 months.

e Performing the procedure with more than one tech-
nician (successful repeatability of the procedures).

Table 1. Testing media and incubation condition.

e Attempting to facilitate some breeding activity in the
Isocage.

e Experimental/research activity using three different
groups of mice, each inoculated simultaneously with
different microorganisms using the Isocage technol-
ogy (with scientists and students involved with the
standard procedures).

Animals

Newborn GF Swiss—Webster (with parental origins
from Taconic, Germantown, NY, USA) male or
female mice were maintained in semi-rigid isolators
(Park Bioservices, LLC, Groveland, MA, USA) using
classical GF techniques. At weaning age, the mice were
transferred to irradiated Isocages (Tecniplast SpA,
Buguggiate, Varese, Italy) with Sani-chips wood shav-
ings (Teklad Aspen Sani Chips 7090A; Harlan Madison
Wisconsin, USA), fed ad libitum irradiated and auto-
claved chow diet (2018 irradiated global 18% rodent
diet; Harlan Laboratories, Harlan Madison
Wisconsin, USA), and given autoclaved water.

For conventionalization, the GF mice were orally
administered by sterile gavage with freshly collected
fecal matter from specific pathogen-free (SPF) donor
mice, suspended in sterile phosphate buffered saline
(PBS). Alternatively, the GF mice were co-housed
with female SPF mice for four weeks. All the proced-
ures were performed in accordance with the approved
protocols using the Institutional Animal Care and Use
Committee (IACUC) guidelines of the Weizmann
Institute of Science.

Enumeration of bacteria by experimental
group

Fecal matter was collected from conventionalized mice
and their GF counterparts (five mice in each group),

Cage Animal
Media Cat. No. °C CO, 0, sample sample
NB OX0ID CMO001 37 — + +
TSB BD 211825 37 - + — +
TSA HylLabs PD-049 37 + +/— + +
SDA HylLabs PD-044 29 - +/- + +
BA HylLabs PD-011 37 + +/- + +
Mac BD 212123 37 + + - +
PSI BD 292710 37 + + — +

NB: Nutrient broth, TSB: Tryptic soy broth, TSA: Trypticase soy agar + defibrinated sheep blood, SDA: Sabouraud
dextrose agar, BA: Brucella agar, Mac: MacConkey agar, PSI: Pseudomonas isolation agar.
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1-30 days post conventionalization, and snap-frozen in
liquid nitrogen. Samples were then homogenized in
cold PBS using a tissue homogenizer. At the indicated
time points, the mice were sacrificed by CO, asphyxi-
ation; and colons, ceca and spleens were harvested into
cold PBS, followed by tissue homogenization. Fecal
and tissue homogenates were then plated on LB agar
(Difco) or Trypticase soy agar with 5% sheep blood
(BD Biosciences, Franklin Lakes, NJ, USA), and cul-
tured in liquid LB broth or chopped meat carbohydrate
broth (BD Biosciences). Samples were cultured in a
37°C incubator for up to 96 h under aerobic or anaer-
obic conditions (75% N,, 20% CO,, 5% H,), followed
by enumeration of colonies on plates or optical density
measurement.

Microbiological quality control by Veterinary
Resources Laboratory

Initially, Bacillus pumilus spore strips were tested upon
returning from irradiation, and swabs from Isocages
were taken at every cage change (once in two weeks).
This procedure was done to evaluate the Isocage system
before introducing any GF mice. Following six months
of negative results of swabs and strips with cages only
(but filled with food, bedding and water), the animals
were introduced into the newly irradiated cages, and
Bacillus pumilus spore strips and swabs from the
Isocages with animals were taken again at every cage
change (once in two weeks thereafter).

After three months of negative results a decision to
extend the testing of used cages was made using the
following method.

Table 2. Bacillus pumilus spore strips
results: ‘Supply’ (upon returning from
irradiation) and Isocage swabs from cages
without germ-free mice.

Isocage

Date Swab

Supply

28/10/12 -

30/12/12 -
6/1/13 -
13/1/13 -
20/1/13 -
27/1/13 -
3/2/13 -
10/2/13 -
17/2/13 -
5/5/13 -

- represents Negative.

Sample collections. Cages with 3-4 GF mice were
changed every 14 days in a decontaminated bio-safety
laminar hood. Upon cage changing, soiled bedding and
water from the used water bottle was collected and
placed in a sterile vial. From some Isocages, a sentinel
animal was taken for cecum and oropharynx cultures.
The sample vials and sentinels were taken to the lab dir-
ectly. A control sample was taken from the SPF mice.

Incubation and testing. Sample handling was per-
formed inside a bio-safety hood. A small amount of
nutrient broth (just enough to moisten the sample)
was added to the sample. Sterile swabs were used in
order to mix the sample and to break down the fecal
pellets. The same swabs were used to plate the sample
on agar plates as listed below. Plates were incubated for

Table 3. Bacillus pumilus spore strips
results: Supply’ (upon returning from
irradiation) and Isocage swabs from cages
with germ-free mice.

Isocage

Date Supply Swab

2/6/13 - -
9/6/13 -
16/6/13 — —
23/6/13 — —
30/6/13 — —
7/7/13 -
14/7/13 —
21/7/13 -
28/7/13 —
11/8/13 - -
18/8/13 —
1/9/13 -
8/9/13 - -
29/9/13 - -
6/10/13 -
20/10/13 -
3/11/13 -
10/11/13 -
1/12/13 -
8/12/13 -
15/12/13 -
22/12/13 -
5/1/14 -
12/1/14 -
19/1/14 —
26/1/14 -

- represents Negative.
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seven days. More nutrient broth was then added to the
sample (20 mL). Sample vial (loose cap) was incubated
at 37°C. Re-plating was done on the next day and on
days 4-5.

Testing of animals. Mice were euthanized and then
operated inside a bio-safety hood. Samples were taken
from the oropharynx and cecum in a sterile manner.
Samples were plated on agar plate as listed below.
Plates were incubated for seven days. A portion of
the samples was added to a 5 mL tube containing
Tryptic soy broth. The sample tube (loose cap)
was incubated at 37°C. Re-plating was done on
days 4-5 (Table 1).

Isocage

The Isocages® (Tecniplast SpA) were packed into two
nylon bags with a Bacillus pumilus spore strip (Mesa
Laboratories, Inc, Omaha, NE, USA) between the
two and irradiated at 2.5 M rad. Bacillus spore strips
were sent for QC and the cages were used after a nega-
tive result. The inner plastic bag was sprayed with
Clidox (Pharmacal Research Laboratories Inc,

Waterbury, CT, USA), entered into the Isolator port
(Park Bioservices, LLC, Groveland, MA, USA), and
the port was sealed with a cap and sprayed with
150mL of Clidox. After Sh the inner door was
opened and the cage was transferred into an isolator
to be populated with 3-5 mice. Afterwards, the
Isocages were placed on the rack. Once every 14 days,
GF mice were transferred into clean Isocages. The lam-
inar flow hood was decontaminated once with Clidox
and left overnight. Twenty minutes before each Isocage
change session, the hood walls and floor were sprayed
with Clidox. The Isocages were sprayed with Clidox
and returned to the rack for 20min. The hood was
sprayed again with 100mL of Clidox, creating a
puddle. Long sleeve gloves were sprayed with Clidox.
Twenty minutes later, both cages and the long sleeve
gloves were sprayed thoroughly once again and
brought into the hood. Cage covers were opened and
leaned against the hood wall. It was important that the
inner part of the cage cover did not touch anything
within its surroundings and that hands stayed within
the hood during the process. Mice were transferred
using sterile forceps into a clean cage, which was then
closed and placed onto the rack.

Table 4. Sentinel animals (born in Isocages) cecum and oropharynx cultures from Isocages.

Date of birth parents/ Date of birth /

Date of entering Isocages Test date Cage No. Strain Sex GF Test results

16/4/13 03/08/2013 1 SW F No d0: TSA +0, (cecum)
23/5/13 13/10/2013

16/4/13 03/08/2013 2 SW F Yes No growth

23/5/13 13/10/2013

GF: germ-free, TSA:Trypticase soy agar, F: female.

Table 5. Soiled bedding, water and fecal sample from the cages and animal cecum and oropharynx cultures from six

different Isocages.

DOB/
Weeks from Arrival date/
entering isocage  Test date Cage No.  Strain Sex GF Test results
2 weeks 26/11/13 1-6 Cage - Yes No growth in all 6 cages
30/12/13
15/01/14
4 weeks 26/11/13 1-6 Cage - Yes/No  No growth in 4 cages
30/12/13 2 cages:
15/01/14 d5: Iso-6 BA -0, bacteria growth
d5: Iso-2 TSA +0; bacteria growth
4 weeks 26/11/13 3 SW x C56BL/6 M No? d0: no growth
30/12/13 d5: TSA +0, single white colony;
15/01/14 BA, TSA -0, many white colonies

DOB: date of birth, GF: germ-free, M: male, BA: Brucella agar, TSA: Trypticase soy agar.
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Results
Veterinary Resources Laboratory

Bacillus pumilus spore strips and swabs from the
Isocage, without GF mice, were tested negative for six
months (upon returning from irradiation, and swabs
from the Isocage at every cage change, once in two
weeks) (Table 2).

Bacillus pumilus spore strips and swabs from the
Isocage, with GF mice, were tested negative (upon
returning from irradiation, and swabs from the
Isocage at every cage change, once in two weeks)
(Table 3).

Cecum and oropharynx cultures from the Isocage of
GF sentinel mice that represent five months in the
Isocage (three months of parents transferred from iso-
lators to the Isocage and two months of sentinels in the
Isocage) were still GF in one cage and contaminated in
another (Table 4).

Results for soiled bedding, water and fecal sample
from six cages, and animal cecum and oropharynx cul-
tures from six different Isocages (with 3—4 GF mice),
were clean for all cages after two weeks, and clean for
four cages after four weeks. Two cages were clean at
first plating, but only at second plating on day 5. One
cage was contaminated with bacteria growth at BA —O,
test and one cage at TSA +O, Sentinel from one cage
after four weeks showed similar results, with no growth
on first plating, and bacteria growth on second plating
on day 5 (Table 5).

Experimental group

No colony growth was detected after 96 h of incubation
following 30 days in the Isocage following experiments
with conventional and GF mice (Tables 6 and 7),

Discussion

Gnotobiotic animals are usually reared and continu-
ously maintained with GF techniques under isolator
conditions. While this is the best, and probably the
only, method for breeding and maintenance of lines
of GF mice for long periods of time, this technique is
problematic in short time research studies, especially
when the scientific need mandates multi-group and
multi-condition experimentation with individual bac-
terial colonization of mice. The new possibilities
described in this study, involving the use of individual
Isocages, enable the use of multiple mutated strains of
mice and simultaneous mono-inoculated animal
groups. We found this technology to be reliable with
an excellent rate of maintenance of germ-freeness when
experiments were performed for a period of one month
or less.

Although we tested the possibility of breeding and
maintaining GF mice for longer periods in the Isocages
(up to six months), we believe that at present this
option is too complicated, as frequent changing of the
cages for transfer of mice from dirty to clean cages, as
well as additions of food or water, constantly endanger
the GF condition, resulting in non-consistent rates of
long-term Isocage sterility.

In conclusion we describe the safe and efficient use of
GF Isocages for experimentation involving multiple
GF mouse groups and mono-inoculation conditions.
We believe that this new technology offers an optimal
solution for an expansion of the spectra and capabilities
of GF mouse experimentation, while offering suitable
protection from microbial contamination.

Table 6. Enumeration of bacteria in fecal matter.

Fecal matter

Conventionalized

Days in Aerobic Anaerobic
microisolator
cage LB agar TSA + Blood LB agar TSA + Blood
(a)
Lawn Lawn Lawn Lawn
3 Lawn Lawn Lawn Lawn
6 Lawn Lawn Lawn Lawn
14 Lawn Lawn Lawn Lawn
30 Lawn Lawn Lawn Lawn
Fecal matter
Germ-free
Days in Aerobic Anaerobic
microisolator
cage LB agar TSA + Blood LB agar TSA + Blood
(b)
1 ND ND ND ND
3 ND ND ND ND
6 ND ND ND ND
14 ND ND ND ND
30 ND ND ND ND

Fecal samples were collected aseptically and homogenized in the
indicated time points. Plates and liquid media were grown at 37°C
under aerobic or anaerobic conditions. A lawn of bacteria was
observed after overnight growth from conventionalized mice, but
no colonies or change in optical density was observed in any fecal
sample homogenate from germ-free (GF) mice. LB: liquid media
(Luria-Bertani), TSA: trypticase soy agar, ND: no colonies were
detected after 96h of incubation.
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Table 7. Enumeration of bacteria in tissues.

Colon/Cecum/Spleen
Days in Aerobic Anaerobic
microisolator
cage LB agar TSA +Blood Liquid LB CMCM LB agar TSA +Blood Liquid LB CMCM
1 ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
6 ND ND ND ND ND ND ND ND
14 ND ND ND ND ND ND ND ND
30 ND ND ND ND ND ND ND ND

Colon, cecum and spleen samples were collected aseptically and homogenized in the indicated time points. Plates and liquid media were
grown at 37°C under aerobic or anaerobic conditions. LB: liquid media (Luria-Bertani), TSA: trypticase soy agar, CMCM: Chopped Meat
Carbohydrates Medium, ND: no colonies were detected after 96 h of incubation.
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