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Assessing Accumulation of Organic Material on
Rodent Cage Accessories

Kenneth P Allen,"?" Tarrant J Csida, and Joseph D Thulin'?

According to the 8th edition of the Guide for the Care and Use of Laboratory Animals (the Guide), rodent cage accessories,
such as filter tops, should be sanitized at least once every 2 wk. We performed a study to test the hypothesis that organic con-
tamination (measured by ATP content, expressed as relative light units (RLU)) of cage accessories (wire bar inserts and filter
top lids) does not differ at 2 wk (14 d) as compared with 30, 60, and 90-d time points after cage change even when in constant
use. An additional time point for filter top lids of 180 d after cage change was also evaluated. Eight groups were studied:
the wire bar inserts and filter top lids used for mice and rats, in both static and individually ventilated cages (IVC). When
analyzing data from both mouse and rat static and IVC caging, we found that the mean RLU values for mouse IVC and rat
static and IVC cage components were below 100,000 RLU at the 14-d time point. The mean value for the mouse static group
was slightly above 100,000 RLU at this time point. Based on this observation, we considered 100,000 RLU to be an appropriate
actionable level. We concluded that changing wire bar inserts at least every 14 d, as recommended in the Guide for sanitizing
these components in mouse and rat static cages, may be considered acceptable. This interval could be extended for mouse
and rat IVC cages up to 90 d while remaining below this limit. Filter top lids for mouse static cages should be changed at
least every 30 d, but static rat and IVC mouse/rat filter top lids could be changed up to every 180 d, while still staying below

this actionable level of contamination.

Abbreviations: Guide, 8th edition of the Guide for the Care and Use of Laboratory Animals; RLU, relative light unit(s)
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Mice and rats are the most commonly used mammals in bio-
medical research. The use of rodents in research has increased
in recent years due to recently developed gene editing tools that
allow their precise genetic modification and the development
of specific rodent models of human disease.®1521,27,284851 [ngti-
tutions typically house rodents in either static micro isolation
or individually ventilated caging (IVC) systems. Institutions
receiving National Institutes of Health (NIH) funding for
animal-based research must follow the housing guidelines
described for rodents in the Guide for the Care and Use of Labo-
ratory Animals, 8th edition (the Guide).”® The Guide contains
specific recommendations for the sanitization of both rodent
cages and cage accessories. According to the Guide, “In general,
enclosures and accessories, such as tops, should be sanitized at
least once every 2 wk. Solid-bottom caging, water bottles, and
sipper tubes usually require sanitation at least once a week.”?

The changing and sanitization of cages and cage components
is among the most labor-intensive activities in the research
animal facility and, therefore, one of the costliest. In addition
to the financial impact, husbandry practices like cage changing
and frequent sanitization of cages and cage accessories can have
direct effects on research animals and may create experimental
confounds,>162043-46 impacting the outcomes of studies.?** To
perform studies using rodents in a cost-effective manner while
minimizing experimental variables introduced by husbandry
procedures, husbandry practices must be based on both animal
welfare and scientific merit.
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The Guide states that “The increased use of individually
ventilated cages (IVC) for rodents has led to investigations of
the maintenance of a suitable microenvironment with extended
cage sanitation intervals and/or increased housing densities.
By design, ventilated caging systems provide direct continu-
ous exchange of air, compared to static caging systems that
depend on passive ventilation from the macroenvironment. As
noted above, decreased sanitation frequency may be justified
if the microenvironment in the cages, under the conditions of
use (e.g., cage type and manufacturer, bedding, species, strain,
age, sex, density, and experimental considerations), is not
compromised. Verification of microenvironmental conditions
may include measurement of pollutants such as ammonia and
CO,, microbiologic load, observation of the animals” behavior
and appearance, and the condition of bedding and cage sur-
faces.”?* Studies have been published to provide evidence-based
recommendations to support changes to the Guide regarding
sanitization intervals of cages and cage accessories.®!7#? Ac-
crediting and regulatory agencies indicate that institutions may
use site-specific and data-driven approaches to determine the
ideal institutional frequencies for the sanitization of cages and
cage components.® Thus, individual institutions should follow
the recommendations of the Guide, but exceptions to the Guide
are acceptable if evidence-based methodology is used in making
such decisions and they are approved by the local Institutional
Animal Care and Use Committee (IACUC).1

Adenosine triphosphate (ATP) is a molecule found in all
living and recently deceased organisms. Thus, its presence can
be used as an indicator of the presence of biologic residues or
contamination on surfaces. To evaluate surface contamination
using ATP testing, a surface is swabbed, and the sample is ex-
posed to an ATP releasing agent that lyses cells. The sample is
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then exposed to an ATP-activated light producing substrate/
cofactor (luciferin), an enzyme (luciferase) and oxygen. The
amount of light produced during the enzymatic reaction is
directly associated with the amount of ATP present and the
light emitted can be quantified in relative light units (RLU).
ATP-based microbiologic monitoring has been used in many
industries in which evaluation of sanitization practices is es-
sential for maintaining health and safety. These industries
include food and beverage, health laboratories, hospitals, the
pharmaceutical industry, and others.113192655 Similarly, this
methodology has become the standard for measuring surface
contamination in animal research facilities. Therefore, this ap-
proach can be considered the gold-standard methodology to
use for evaluation of sanitization practices.>36164253

Currently, we house mice and rats in static cages that are
changed at 1-wk intervals, and individually ventilated cages
that are changed at 2-wk intervals. Cages are spot-checked
on days not scheduled for a full cage change, and a cage is
changed if it meets established cage change criteria. Histori-
cally, wire bar inserts were changed at 90-d intervals and filter
top lids were changed at 180 d. These intervals were based
on data from a previously published manuscript.*? However,
the brand of caging and cage accessories employed at our
institution differs from what was used in that study, and lit-
erature results are inconclusive regarding optimal sanitization
intervals for cage accessories. To support objective decisions
regarding sanitization intervals of the cage accessories used
at our institution, we performed a study so that we could
make evidence-based decisions on our current cage changing
practices and determine the best interval(s) for sanitization of
cage accessories (wire bar inserts and filter top lids). We chose
ATP evaluation as the best methodology to evaluate surface
contamination and efficacy of cage and cage accessory sani-
tization in this study.

Materials and Methods

Animals. Use of animals in this study was approved by the
Medical College of Wisconsin (MCW) Institutional Animal Care
and use Committee (IACUC) as part of the institution animal
health surveillance program. Sentinel animals were used. Col-
lection of the samples did not require specific IACUC approval,
because no animal contact occurred during collection. Sample
collection took place when routine animal husbandry proce-
dures were being performed. The MCW animal care and use
program is fully accredited by AAALAC International. We used
CD-1 IGS mice (Charles River Laboratories, Wilmington, MA)
and CD (Sprague-Dawley) IGS rats (Charles River Laboratories,
Wilmington, MA) for this study. Sentinel animals are ordered
at 3 wk of age and placed in cages for sentinel use when they
are approximately 4 wk of age. Sentinel animals are euthanized
every 4 mo to collect blood and tissues as required for diagnostic
testing. Sentinel animals were used in this study because they
were housed under consistent cage conditions, and because
long-term housing of cages on individual racks was noted in
a similar study.!” In addition, use of sentinel animals allowed
us to use animals for multiple purposes, and thus helps to
minimize the number of animals used for research purposes.*!
Mice and rats were exposed to dirty bedding from the cages of
animals used for research in their respective rooms. Sentinel
mice were negative for mouse hepatitis virus, minute virus of
mice, generic parvovirus, murine parvoviruses 1 to 5, Theiler
murine encephalomyelitis virus, mouse rotavirus, Sendai virus,
Mycoplasma pulmonis, pneumonia virus of mice, REO3 virus,
lymphocytic choriomeningitis virus, Ectromelia virus, mouse

adenoviruses 1 to 2, murine polyomavirus, Encephalitozoon
cuniculi, Cilia-associated respiratory bacillus, Clostridium piliforme,
mouse cytomegalovirus, pinworms, and fur mites. Sentinel rats
were negative for rat coronavirus/sialodacryoadenitis virus,
generic parvovirus, rat parvovirus, rat minute virus, Kilham
rat virus, Toolan H-1 virus, rat theilovirus, Pneumocystis carinii,
Sendai virus, pneumonia virus of mice, Mycoplasma pulmonis,
REQB virus, lymphocytic choriomeningitis virus, Cilia-associated
respiratory bacillus, Hantaan virus, Clostridium piliforme, mouse
adenoviruses 1 to 2, pinworms, and fur mites.

Husbandry. Mice were housed in static micro isolation
cages (Allentown 75 JAG, Allentown Caging, Allentown, NJ) or
individually ventilated caging (IVC) (model no. MS75]JU70MVS-
PSHR-R, Allentown Caging, Allentown, NJ). Rats were housed
in static micro isolation cages (Allentown 140, Allentown Cag-
ing, Allentown, NJ) or IVC (model no. RS10147U40MVSPSHR-R,
Allentown Caging, Allentown, NJ). IVC air changes were
approximately 60/h. Additional, age-matched, replacement
animals were ordered so that we could maintain a consistent
housing density in each cage in the event that an animal had to
be removed from a cage or died during the study. No original
study animals were replaced during the study. The environment
in the rooms housing study animals was controlled as follows:
temperature (68 to 72 °F [20.0 to 22.2 °C]; relative humidity, 30%
to 70%; 1410-h light:dark cycle). Cage changing was performed
in laminar-flow cage-changing stations (model 612, AllerGard
Dual Access Small Animal Cage Changing and Transfer Stations,
Nuaire, Plymouth, MN). Cages contained hardwood bedding
(Sani-Chips, P] Murphy, Montville, NJ). Naturalistic nesting
material (Enviro-Dri, Waldschmidt and Sons, Madison, WI) was
provided to all mouse cages, and a paper towel was provided
to each rat cage. Cages were changed at least once every 14 d,
and more often as necessary, according to established standard
operating procedures. Criteria for a cage change were 10% or
more of the cage floor space visibly wet, or 33% or more of the
cage floor covered with fecal material. Even though manda-
tory cage changes were scheduled to occur every 14 d, cages
were typically changed every week because they met one or
both of the cage change criteria. Cages and caging supplies,
including bedding, were autoclaved prior to use. Animals were
fed an irradiated, commercial rodent diet (PicoLab Laboratory
Rodent Diet, LabDiet, St Louis, MO). Animals received water
that had undergone reverse osmosis filtration and subsequent
hyperchlorination to 3 ppm (Edstrom Industries, Waterford,
WI). Animal care staff wore dedicated footwear and personal
protective equipment that consisted of a disposable gown and
gloves when performing animal husbandry tasks. Animal rooms
were swept and mopped daily using a detergent compound
(GP100, Sanitation Strategies, Okemos, MI) except on weekends
and holidays. Racks with IVC cages were washed every 6 mo,
and racks that held IVC cages used in this study were cleaned
prior to use to prevent any unwanted variables associated with
air flow that could confound the experimental results.'?

Experimental design. Organic debris accumulation on the
wire bar inserts and filter top lids of mouse and rat static and
individual ventilated caging (IVC) systems was evaluated. A
total of 8 groups were included in the study and 15 cages were
assigned to each group for a total of 120 cages (1 = 15). Mice were
housed at a density of 3 animals/cage and rats were housed at
2 animals/cage. This is close to the approximate average cage
housing density employed at our institution (data collected
previously).

ATP Testing. We used ATP testing because it is an effective
method to detect cells and organic debris. This test has strong
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linear predictability and has been used in previous studies
involving the assessment of organic contamination of cage ac-
cessories. 236164253 We took samples from a 4 x4 cm area on each
wire bar insert and filter top lid of each cage and evaluated the
swab for organic contamination in the form of ATP (expressed
as relative light units (RLU)) by using luciferase test swabs
(PocketSwab Plus, Charm Sciences, Lawrence, MA) and using
the same methodology described in a similar study.*? Swabs
were taken at day 0 (prior to housing animals in each cage to
verify no organic contamination) 7 d, 14 d, 30 d, 60 d, and 180
d (filter top lids only) after an initial cage change. Wire bar
inserts and filter top lids were not replaced until the last time
point was completed for each cage component accessory. The
same individual collected all samples.

Statistical Analysis. We used statistical software (Prism ver-
sion 8.4.2; GraphPad Software, San Diego, CA) to carry out our
analyses. We compared the amount of ATP (measured as RLU)
between day 14 and all other time points using one-way analysis
of variance (ANOVA) with a Bonferroni Correction. Summary
data are expressed as mean = SEM. Differences were considered
significant when P < 0.05.

Results

Data were collected to evaluate organic debris accumulation,
quantified as RLU. We did not directly compare static and IVC
between groups. Because the Guide states “In general, enclosures
and accessories, such as tops, should be sanitized at least once
every 2 wk,” we instead compared time points within groups
against the 14-day time point to determine when significant
increases occurred and thereby when cage components should
be changed or cleaned as determined based on the 14-day point.

No significant differences were found in RLU between day
14 and other time points in the mouse static and IVC wire bar
groups, except at day 90 (P = less than 0.0001 in both groups,
Figure 1 A and B). No significant differences were detected in
the rat static wire bar group, except at days 60 and 90 as com-
pared with day 14 (P = 0.0084, P = less than 0.0001, Figure 1 C),
with similar results in the rat IVC wire bar group (P = 0.0367,
P =0.0011, Figure 1 D). No significant differences were found in
the mouse static and IVC filter top groups, except at day 90 as
compared with day 14 (P =0.0364, P =less than 0.0001, Figure 1 E
and F). Differences were found in the rat static and IVC filter
top groups at day 90 as compared with day 14 (P = 0.0232,
P =0.0011, Figure 1 G and H). Mean RLU values were similar
when comparing wire bar group data between mice in static
and IVC caging (Figure 1 A and B) and were comparable to the
rat IVC wire bar group. Mean values were considerably higher
in the rat static wire bar group as compared with the IVC wire
bar group (Figure 1 C and D). For example, at day 14 in the rat
static wire bar group, the mean RLU value was 81058 + 23873)
whereas mean value for the IVC wire bar group was 56121 +
10295. At day 90, the rat static wire bar group mean was 544747
+116619), and the rat IVC wire bar mean was 89966 + 14073.

With regard to filter tops, the static groups had higher mean
RLU than did the IVC groups for both mice and rats. For ex-
ample, the mean value for the mouse static filter tops at 14 d
was 2239 + 1220 whereas the mean value for the IVC mouse
filter tops was 941 * 274. At 90 d, the mean mouse static filter
top value was 254441 * 82705, and the mouse IVC filter top
value was 15865 * 5200). (Figure 1 E and F). For rats, at day 14
the mean value for static filter tops was 635 + 278, whereas the
mean for rat IVC filter tops was 565 + 261. At 90 d, the mean rat
static filter top value was 9712 + 5093, and the rat IVC filter top
group value was 4447 +1087 (Figure 1 G and H). Mean organic
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debris accumulation was lower in every group at the 180-d time
point, as compared with the 90-d time point in the static cages
(Figure 1 E, through H).

The mean RLU value for wire bars from the mouse static
group was 110,530 at 14 d. The mean RLU value for the rat
static wire bar group was below 100,000 RLU at 14 d, but was
higher than this value after 14 d. The IVC wire bars for both
mice and rats displayed mean values below 100,000 RLUs out
to 90 d (Figures 2 and 3). For filter tops, only the mouse static
filter top group showed mean RLU values above 100,000. This
occurred at 60 d (Figure 4).

Discussion

A study of IVC housing of mice showed that the cage bot-
tom and bedding becomes soiled within days after mice are
placed in a cage.® However, the microbiologic and organic
contamination of wire bar inserts and filter top lids was much
slower.® That information, combined with air quality, as judged
by ammonia concentrations in the cage, led those authors to
recommend extending the intervals between cage accessory
sanitization out to 6 wk.® In another study, an evaluation of cage
accessory sanitization intervals was performed by measuring
the microbiologic and organic load of cage accessories in both
static and IV caging systems.*? That study found no significant
difference in microbiologic or organic debris accumulation at
90 d, as compared with 14 d after cage change.*? Our current
study used ATP quantification as a measure of organic debris
accumulation on wire bar inserts and filter top lids of static
and IVC housing either mice or rats. We performed the study
to collect data for determining optimal sanitization intervals
for these cage accessories as relevant to the recommendations
of the Guide. Our caging systems are different than the caging
systems used in the previously mentioned studies, and we
sought to develop standards for cage accessory sanitization
based on data collected at our institution.

This study provided many assessments. Mean organic de-
bris accumulation on wire bar inserts, demonstrated by RLU
values, was higher in static cages than in IVC (Figures 2 and
3). The same relationship occurred when comparing static and
IVC filter tops, and a large difference was detected between the
mouse static filter top group as compared with the other filter
top groups (Figure 4). The reason(s) for these differences may be
multifactorial. The Guide indicates that nesting material should
be provided to rodents and states; “If provided in sufficient
quantity to allow nest building or burrowing, bedding also
facilitates thermoregulation.”? IVC at our institution provide
approximately 60 air changes per hour, which is 4 times higher
than the room air exchange rate, whereas static cages provide
air changes that are the same as the room air exchange rate.
We suspect that higher airflow in the IVC resulted in animals
spending more time in, or on, the nesting material provided
in each cage for reasons associated with thermoregulation.
Reduced animal activity may have reduced aerosolization of
particulate matter and, subsequently, reduced organic debris
accumulation on cage accessories in the IVC. A second factor to
consider is the impact of airflow on aerosolization of particulate
matter inside cages. The significance of air flow inside cages
and its impact on the accumulation of organic debris on cage
accessories is unknown. The high air flow in IVC rack systems
causes aerosolization of debris inside cages, and this debris is
subsequently exhausted and accumulates in IVC rack plenums
over time. This debris accumulation forms the substrate for
exhaust air duct testing of IVC rack systems to detect the pres-
ence of excluded agent nucleic acid.?® Higher airflow in the IVC
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Figure 1. Graphs depict the number of relative light units (RLU) in the 8 groups; (A) mouse static cage wire bar lids, (B) mouse IVC cage wire bar
lids, (C) rat static cage wire bar lids, (D) rat IVC cage wire bar lids, (E) mouse static cage filter top lids, (F) mouse IVC cage filter top lids, (G) rat
static cage filter top lids, (H) rat IVC cage filter top lids. Significant difference(s) (P < 0.05) between 14 d and other time points are marked with
an asterisk *. Data is represented as the mean at each time point with standard error of the mean (SEM).
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top lids (static and IVC cages). Data is represented as the mean at each

time point. The red line is the actionable level which is designated at
100,000 RLU.

could have resulted in increased aerosolization of debris and
increased accumulation on cage accessories as compared with
static cages. Alternatively, the higher airflow could have had
a cleansing effect, resulting in reduced adherence of organic
debris to cage accessory surfaces. A third factor is the number
of animals in cages. The number of mice housed per cage was
higher than the number of rats housed per cage. Having more
mice in individual cages is equivalent to having more animals
whose activity could contribute to aerosolization of particulate
matter. This could promote increased accumulation of organic
debris on mouse cage accessories. Animals in this study were
housed at the standard cage density for mice and rats at our
institution. If animals were housed at a higher density, cage ac-
cessories could have become soiled more quickly and result in
higher mean RLU values for the different groups studied. Future
studies could evaluate the effects of air flow on animal activity

Assessing rodent cage accessories

and debris accumulation on cage accessories in cages with dif-
fering housing densities in both static and IVC systems. This
would allow objective determination of the effect of these fac-
tors on organic debris accumulation on cage accessories. In the
filter top groups, organic debris accumulation was somewhat
lower in every group at the 180-d time point as compared with
the 90-d time point. We have no explanation for this finding.

One of the goals of this study was to determine a method that
could be used to determine appropriate minimal sanitization
intervals for the wire bar inserts and filter top lids in either
static or IVC caging systems for mice and rats. Similar studies
have evaluated factors such as air quality, microbiologic load,
and organic debris accumulation as metrics to determine neces-
sary sanitization intervals for cage accessories.®1742 One study
evaluated intra cage air quality, animal welfare assessments,
and microbial load on cage top surfaces.® Mice were housed at
adensity of 4 or 5in an IVC, and data were collected at selected
time points. During 6 wk of continuous housing, ammonia
levels were below a defined upper limit of 25 ppm for all time
points. After 8 wk of cage occupation, no significant welfare
issues were noted and microbial load decreased over time. The
authors concluded that the lack of significant differences in
these factors between time points justified an extended sanitiza-
tion frequency up to 6 wk for cage top components.® A second
study evaluated microbiologic loads from micro isolation cage
tops (MCT) in mouse and rat IVC and static cages over a 90-d
period.'” Animals were pair-housed. Bacterial contamination
performance standards and statistical evaluation between time
points was used to determine appropriate sanitization intervals.
The authors concluded that 14 d is an appropriate sanitization
interval for rat MCT, but this interval can be extended to 90 d
for mouse MCT." Finally, a third study evaluated bacterial load
and organic debris accumulation on filter top and wire-bar lids
in mouse and rat IVC and static cages over a period of 180 d.#?
Mice were housed at 5 animals per cage and rats were pair-
housed. Selected time points were compared with a 14-d time
point for all groups studied. Statistical analysis was performed
to determine differences between groups, and ATP levels did
not differ with cage type between 14 and 90 d. The number of
bacterial colonies were also not significantly different between
14 and 120 d. In most cases, significant differences did not occur
between 14 and 180 d.42

ATPis present in all living cells. It is typically measured from
living cells, but it may also be detected from dead cells. It can be
used as a proxy to evaluate surface contamination by organic
debris. Detection of ATP may be affected by the type of debris on
a surface being evaluated, disinfectant use, and environmental
conditions. All that said, we did not clean the surfaces that were
being evaluated and all other extrinsic factors were consistent
for each group being studied and compared. We assume that
the majority of ATP measured was from living cells, and that
the primary variable affecting the quantity of organic debris on
surfaces was time,6-1013,16,19,26,42,53,55

In our study, we considered comparing all time points to the
14-d time point for each group being studied, with statistical
comparison to the 14-d time point being the primary factor for
establishing an appropriate sanitization interval. However,
when evaluating the wire bar insert data for mice and rats in
both static and IVC caging, we noted that the mean RLU value
for the mouse static wire bar group was slightly above 100,000 at
14 d, whereas the mean RLU values for mouse IVC and rat static
and IVC cage components were below 100,000 at 14 d (Figures 2
and 3). The static cages housing mice had mean RLU filter top
values that exceeded 100,000 at 60, 90, and 180 d. The values in
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all of the other filter top groups never exceeded 100,000 RLU
(Figure 4). Based on these observations, we determined that
100,000 RLU could be considered an actionable value, because
all groups studied had mean RLU values slightly above or be-
low 100,000 at 14 d. To our knowledge, our study is the first to
define an actionable RLU level for organic debris accumulation
on wire bar inserts and filter top lids.

A potential weakness of this study is the fact that we did not
test air quality. This assessment is typically performed by evalu-
ating intra cage ammonia concentrations, as others have done.®
Air quality has also been measured in studies that evaluated
rodent cage change frequency.”?229,37,38404750,56,57 We did not
feel that evaluation of air quality would provide a significant
benefit to this study because the majority of cage air quality
contamination is associated with the bedding and animal waste
on the cage floor. In our study, cage bottoms were changed at
the intervals recommended by the Guide. That said, air quality
is a parameter that may be investigated in future studies.

Another potential weakness in this study is that we did not
evaluate microbiologic load as a measure of contamination of
wire bar and filter top lids. This parameter has been evaluated
in other similar studies,®!”#2 and as such we felt that evaluation
of microbiologic contamination of cage accessories would not
provide a significant benefit to this investigation. Cages, cage
accessories, bedding, and nesting material used in this study
were all autoclaved prior to use. The food offered to animals
was irradiated, and the water was treated by reverse osmosis
followed by hyperchlorination. Because all materials coming
into contact with the animals used in the study were decontami-
nated, microbiologic contamination of cage accessories would
likely be associated with the natural flora of the animals housed
in each of the cages studied. We felt that evaluation of ATP
alone would provide a better measure of cage accessory con-
tamination because ATP evaluation can be used to evaluate the
presence of any organic material containing ATP, which includes
microorganisms, cells, and other organic debris.® However, a
recent study found a poor correlation between ATP levels and
total bacterial colony counts for mouse and rat micro isolation
tops over time.” As a result of those findings, the authors of
that study decided to use bacterial counts expressed in colony
forming units (CFU) as the primary measure of bacterial load.
The caging systems used in that study were similar to those
used in our study. In the future, additional studies may be per-
formed to more accurately determine the correlation between
ATP measurements associated with organic debris accumulation
and bacterial contamination of cage accessories over time. Such
information would be useful for determining the best method
to evaluate cage accessory contamination in future studies.

Another parameter that could have been evaluated in
this study is cage bedding type. Different types of bedding
may affect animal wellbeing, the conditions of the cage en-
vironment 31822243135 and experimental outcomes in rodent
studies.?*# Different types of bedding may affect the accumula-
tion of debris on cage accessory surfaces because bedding types
differ in their composition and size. Evaluation of the effects of
different types of bedding on the accumulation of organic debris
on the surface of cage accessories may be evaluated in the future.

Finally, factors that affect the wellbeing and welfare of
animals should be a primary consideration when evaluating
the sanitation of cage accessories. Modification of the cage
accessory sanitation intervals may affect the wellbeing of
animals housed in the affected cages. Indicators of animal
wellbeing such as behavior, immunologic and physiologic
responses, and the reproductive performance of individual

animals should be considered. Evaluating these parameters
was not feasible for this study, but the effects of cage accessory
sanitation on the aforementioned indicators could be evalu-
ated in future studies using methods already described in the
literature.457,811,14,17,22,32,34,36,39,52,54,56

The Guide recommends that cage accessories, such as tops,
should be sanitized at least once every 2 wk.2 In this study
we evaluated both wire bar lid inserts and cage tops. Based
on the Guide’s recommendations, we used the measurement
of organic debris at a 14-d timepoint as the standard point of
comparison for all other time points in the studied groups. This
comparison indicated that an actionable level of 100,000 RLU
could be used as a standard for all groups studied (Figures 2, 3,
and 4). Based on this actionable level, we adopted, with IACUC
approval, a protocol of changing wire bar inserts every 14 d in
static mouse and rat cages. This interval could be extended to
up to 90 d for wire bar inserts in mouse and rat IVC. Likewise,
mouse static cage filter top lids should be changed every 30 d,
but static rat and IVC mouse/rat filter top lids can be changed
up as infrequently as every 180 d. Other institutions that per-
form animal-based research using rats and mice may consider
adopting similar sanitization intervals for mouse and rat cage
accessories.

References

1. AAALAC International. [Internet] 2017. AAALAC: accreditation
FAQ D2. [Cited 14 September 2017]. Available at: https://www.
aaalac.org/accreditation/faq_landing.cfm#C1

2. Allen KP, Csida T, Leming J, Murray K, Gauld SB, Thulin J.
2012. Comparison of methods to control floor contamination in
an animal research facility. Lab Anim (NY) 41:282-288. https://
doi.org/10.1038/laban1012-282.

3. Allen KP, Csida T, Leming J, Murray K, Thulin J. 2010. Efficacy
of footwear disinfection and shoe cover use in an animal research
facility. Lab Anim (NY) 39:107-111. https://doi.org/10.1038/
laban0410-107.

4. Allen KP, Dwinell MR, Zappa AM, Michaels AM, Murray KM,
Thulin JD. 2016. Rat breeding parameters according to floor space
available in cage. ] Am Assoc Lab Anim Sci 55:21-24.

5. Balcombe JP, Barnard ND, Sandusky C. 2004. Laboratory routines
cause animal stress. Contemp Top Lab Anim Sci 43:42-51.

6. Ball BL, Donovan KM, Clegg S, Sheets JT. 2018. Evaluation
of extended sanitation interval for cage top components in
individually ventilated mouse cages. ] Am Assoc Lab Anim Sci
57:138-142.

7. Burn CC, Deacon RMJ, Mason GJ. 2008. Marked for life? Effects
of early cage-cleaning frequency, delivery batch, and identification
tail-marking on rat anxiety profiles. Dev Psychobiol 50:266-277.
https://doi.org/10.1002/dev.20279.

8. Burn CC, Peters A, Day MJ, Mason GJ. 2006. Long-term effects
of cage-cleaning frequency and bedding type on laboratory rat
health, welfare, and handleability: a cross-laboratory study. Lab
Anim 40:353-370. https:/ /doi.org/10.1258 /002367706778476460.

9. Chang N, Sun C, Gao L, Zhu D, Xu X, Zhu X, Xiong J-W, Xi JJ.
2013. Genome editing with RNA-guided Cas9 nuclease in zebrafish
embryos. Cell Res 23:465-472. https:/ /doi.org/10.1038/cr.2013.45.

10. Colquhoun KO, Timms S, Fricker CR. 1998. A simple method for
the comparison of commercially available ATP hygiene-monitoring
systems. ] Food Prot 61:499-501. https://doi.org/10.4315/0362-
028X-61.4.499.

11. Costa R, Tamascia ML, Nogueira MD, Casarini DE, Marcondes
FK. 2012. Handling of adolescent rats improves learning and
memory and decreases anxiety. ] Am Assoc Lab Anim Sci
51:548-553.

12. Creamer MA, Petty J, Martin T, Bergdall V, Hickman-Davis
JM. 2014. Implications of natural occlusion of ventilated racks
on ammonia and sanitation practices. ] Am Assoc Lab Anim Sci
53:174-179.

286

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-27



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Davidson CA, Griffith CJ, Peters AC, Fielding LM. 1999.
Evaluation of two methods for monitoring surface cleanliness-
ATP bioluminescence and traditional hygiene swabbing.
Luminescence 14:33-38. https://doi.org/10.1002/(SICI)1522-
7243(199901/02)14:1<33::AID-BI0514>3.0.CO;2-1.

Dawkins MS. 2003. Behaviour as a tool in the assessment
of animal welfare. Zoology (Jena) 106:383-387. https://doi.
org/10.1078/0944-2006-00122.

Deltcheva E, Chylinski K, Sharma CM, Gonzales K, Chao Y, Pi-
rzada ZA, Eckert MR, Vogel J, Charpentier E. 2011. CRISPR RNA
maturation by trans-encoded small RNA and host factor RNase
III. Nature 471:602-607. https:/ /doi.org/10.1038 /nature09886.
Doerning CM, Thurston SE, Villano JS, Kaska CL, Vozheiko
TD, Soleimanpour SA, Lofgren JL. 2019. Assessment of mouse
handling techniques during cage changing. ] Am Assoc Lab
Anim Sci 58:767-773. https://doi.org/10.30802/ AALAS-JAAL-
AS-19-000015.

Esvelt MA, Steiner L, Childs-Thor C, Dysko RC, Villano JS,
Freeman ZT. 2019. Variation in bacterial contamination of microi-
solation cage tops according to rodent species and housing system.
J Am Assoc Lab Anim Sci 58:450-455. https://doi.org/10.30802/
AALAS-JAALAS-18-000126.

Ferrecchia CE, Jensen K, Van Andel R. 2014. Intracage ammonia
levels in static and individually ventilated cages housing C57BL/6
mice on 4 bedding substrates. ] Am Assoc Lab Anim Sci 53:146-151.
Green TA, Russell SM, Fletcher DL. 1999. Effect of chemical
cleaning agents and commercial sanitizers on ATP bioluminescence
measurements. ] Food Prot 62:86-90. https:/ /doi.org/10.4315/0362-
028X-62.1.86.

Harkin A, Connor TJ, O’Donnell JM, Kelly JP. 2002. Physiological
and behavioral responses to stress: what does a rat find stressful?
Lab Anim (NY) 31:42-50.

Haurwitz RE, Jinek M, Wiedenheft B, Zhou K, Doudna JA. 2010.
Sequence- and structure-specific RNA processing by a CRISPR
endonuclease. Science 329:1355-1358. https://doi.org/10.1126/
science.1192272.

Horn MJ, Hudson SV, Bostrom LA, Cooper DM. 2012. Effects of
cage density, sanitation frequency, and bedding type on animal
wellbeing and health and cage environment in mice and rats. |
Am Assoc Lab Anim Sci 51:781-788.

Institute for Laboratory Animal Research. 2011. Guide for the care
and use of laboratory animals, 8th ed. Washington (DC): National
Academies Press.

Jackson E, Demarest K, Eckert W], Cates-Gatto C, Nadav T, Cates
LN, Howard H, Roberts AJ. 2014. Aspen shaving versus chip
bedding: effects on breeding and behavior. Lab Anim 49:46-56.
https:/ /doi.org/10.1177 /0023677214553320.

Jensen ES, Allen KP, Henderson KS, Szabo A, Thulin JD. 2013.
PCR testing of a ventilated caging system to detect murine fur
mites. ] Am Assoc Lab Anim Sci 52:28-33.

Lappalainen J, Loikkanen S, Havana M, Karp M, Sjoberg AM,
Wirtanen G. 2000. Microbial testing methods for detection of
residual cleaning agents and disinfectants-prevention of ATP
bioluminescence measurement errors in the food industry. ] Food
Prot 63:210-215. https://doi.org/10.4315/0362-028X-63.2.210.
LiD,QiuZ, ShaoY, ChenY, Guan Y, LiuM, Li Y, Gao N, Wang
L,LuX, ZhaoY, Liu M. 2013. Heritable gene targeting in the mouse
and rat using a CRISPR-Cas system. Nat Biotechnol 31:681-683.
https://doi.org/10.1038 /nbt.2661.

Mani M, Kandavelou K, Dy FJ, Durai S, Chandrasegaran S.
2005. Design, engineering, and characterization of zinc finger
nucleases. Biochem Biophys Res Commun 335:447-457. https:/ /
doi.org/10.1016/j.bbrc.2005.07.089.

Mexas AM, Brice AK, Caro AC, Hillanbrand TS, Gaertner DJ.
2015. Nasal histopathology and intracage ammonia levels in female
groups and breeding mice housed in static isolation cages. ] Am
Assoc Lab Anim Sci 54:478-486.

Moehring F, O’'Hara CL, Stucky CL. 2016. Bedding material affects
mechanical thresholds, heat thresholds, and texture preference. |
Pain 17:50-64. https:/ /doi.org/10.1016/j.jpain.2015.08.014.
Mohamed AS, Fahmy SR, Soliman AM, Gaafar KM. 2018. Effects
of 3 rodent beddings on biochemical measures in rats and mice.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Assessing rodent cage accessories

J Am Assoc Lab Anim Sci 57:443—446. https://doi.org/10.30802/
AALAS-JAALAS-18-000023.

Nevalainen T.2014. Animal husbandry and experimental design.
ILARJ 55:392-398. https:/ /doi.org/10.1093 /ilar /ilu035.

Office of Laboratory Animal Welfare. [Internet] 2017. Frequently
asked questions. PHS policy on humane care and use of laboratory
animals. Office of Laboratory Animal Welfare. [Cited 10 September
2017]. Available at: https://grants.nih.gov/grants/olaw/fags.
htm#674

Ohl F, van der Staay FJ. 2012. Animal welfare: at the inter-
face between science and society. Vet ] 192:13-19. https://doi.
org/10.1016/j.tvjl.2011.05.019.

Perkins SE, Lipman NS. 1995. Characterization and quantifi-
cation of microenvironmental contaminants in isolator cages
with a variety of contact beddings. Contemp Top Lab Anim Sci
34:93-98.

Rasmussen S, Miller MM, Filipski SB, Tolwani RJ. 2011. Cage
change influences serum corticosterone and anxiety-like behaviors
in the mouse. ] Am Assoc Lab Anim Sci 50:479-483.

Reeb C, Jones R, Bearg D, Bedigan H, Myers D, Paigen B. 1998.
Microenvironment in ventilated animal cages with differing venti-
lation rates, mice populations, and frequency of bedding changes.
Contemp Top Lab Anim Sci 37:43—49.

Reeb-Whitaker CK, Paigen B, Beamer WG, Bronson RT,
Churchill GA, Schweitzer IB, Myers DD. 2001. The impact
of reduced frequency of cage changes on the health of mice
housed in ventilated cages. Lab Anim 35:58-73. https:/ /doi.
org/10.1258/0023677011911381.

Rex A, Kolbasenko A, Bert B, Fink H. 2007. Choosing the right
wild type: behavioral and neurochemical differences between 2
populations of Sprague-Dawley rats from the same source but
maintained at different sites. ] Am Assoc Lab Anim Sci 46:13-20.
Rosenbaum MD, VandeWoude S, Johnson TE. 2009. Effects of
cage-change frequency and bedding volume on mice and their
microenvironment. ] Am Assoc Lab Anim Sci 48:763-773.
Russell WMS, Burch RL. 1959. The principles of humane experi-
mental technique. London (United Kingdom): Methuen.
Schondelmeyer CW, Dillehay DL, Webb SK, Huerkamp MJ,
Mook DM, Pullium JK. 2006. Investigation of appropriate sanitiza-
tion frequency for rodent caging accessories: evidence supporting
less-frequent cleaning. ] Am Assoc Lab Anim Sci 45:40—43.

Sharp J, Azar T, Lawson D. 2003. Does cage size affect heart rate
and blood pressure of male rats at rest or after procedures that
induce stress-like responses? Contemp Top Lab Anim Sci 42:8-12.
Sharp J, Zammit T, Azar T, Lawson D. 2003. Stress-like responses
to common procedures in individually and group-housed female
rats. Contemp Top Lab Anim Sci 42:9-18.

Sharp JL, Zammit TG, Azar TA, Lawson DM. 2002. Stress-like
responses to common procedures in male rats housed alone or
with other rats. Contemp Top Lab Anim Sci 41:8-14.

Sharp JL, Zammit TG, Lawson DM. 2002. Stress-like responses to
common procedures in rats: effect of the estrous cycle. Contemp
Top Lab Anim Sci 41:15-22.

Silverman J, Bays DW, Baker SP. 2009. Ammonia and carbon di-
oxide concentrations in disposable and reusable static mouse cages.
Lab Anim (NY) 38:16-23. https:/ /doi.org/10.1038 /laban0109-16.
Sung YH, Baek I-J, Kim DH, Jeon J, Lee J, Lee K, Jeong D, Kim
J-S, Lee H-W. 2013. Knockout mice created by TALEN-mediated
gene targeting. Nat Biotechnol 31:23-24. https:/ /doi.org/10.1038/
nbt.2477.

Tanaka T, Ogata A, Inomata A, Nakae D. 2014. Effects of different
types of bedding materials on behavioral development in labora-
tory CD1 mice (Mus musculus). Birth Defects Res B Dev Reprod
Toxicol 101:393—401. https:/ /doi.org/10.1002 /bdrb.21129.
Taylor JL, Noel P, Mickelsen M. 2019. Evaluation of a 16-week
change cycle for ventilated mouse cages. ] Am Assoc Lab Anim
Sci 58:443-449. https://doi.org/10.30802/AALAS-JAAL-
AS-18-000070.

Tong C, Huang G, Ashton C, Wu H, Yan H, Ying Q-L. 2012. Rapid
and cost-effective gene targeting in rat embryonic stem cells by
TALENS. ] Genet Genomics 39:275-280. https:/ /doi.org/10.1016/j.
jgg.2012.04.004.

http://prime-pdf-watermark.prime-prod.pubfactory.coﬁ% 2025-02-27



Vol 60, No 3
Journal of the American Association for Laboratory Animal Science
May 2021

52.

53.

54.

55.

Touma C, Palme R, Sachser N. 2004. Analyzing corticosterone
metabolites in fecal samples of mice: a noninvasive technique
to monitor stress hormones. Horm Behav 45:10-22. https://doi.
org/10.1016/j.yhbeh.2003.07.002.

Turner DE, Daugherity EK, Altier C, Maurer KJ. 2010. Efficacy
and limitations of an ATP-based monitoring system. ] Am Assoc
Lab Anim Sci 49:190-195.

Turner PV, Vaughn E, Sunohara-Neilson J, Ovari J, Leri F. 2012.
Oral gavage in rats: animal welfare evaluation. ] Am Assoc Lab
Anim Sci 51:25-30.

Vilar MJ, Rodriguez-Otero JL, Diéguez FJ, Sanjuian ML, Yus E.
2008. Application of ATP bioluminescence for evaluation of

56.

57.

surface cleanliness of milking equipment. Int ] Food Micro-
biol 125:357-361. https://doi.org/10.1016/j.ijfoodmicro.2008.
04.024.

Vogelweid CM, Zapien KA, Honigford MJ, Li L, Li H,
Marshall H. 2011. Effects of a 28-day cage-change interval
on intracage ammonia levels, nasal histology, and perceived
welfare of CD1 mice. ] Am Assoc Lab Anim Sci 50:868-
878.

Washington IM, Payton ME. 2016. Ammonia levels and urine-
spot characteristics as cage-change indicators for high-density
individually ventilated mouse cages. ] Am Assoc Lab Anim Sci
55:260-267.

288

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-27



