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Nasal Histopathology and Intracage Ammonia
Levels in Female Groups and Breeding Mice
Housed in Static Isolation Cages

Angela M Mexas,! Angela K Brice,! Adam C Caro,? Troy S Hillanbrand,! and Diane J Gaertner'?

Many factors influence ammonia levels in rodent cages, and high intracage ammonia has been associated with specific
types of abnormal nasal pathology in mice. The use of autoclaved corncob bedding and the maintenance of low room hu-
midity reduce the accumulation of ammonia in mouse cages. However, there are no engineering standards that define the
limits of ammonia exposure for mice housed in static isolation cages. Regulatory guidance indicates that solid bottom cages
must be sanitized at least weekly and that cage components in direct contact with animals must be sanitized at least every
2 wk. Common practice is to replace the bottoms and bedding of static isolation cages once weekly. To determine whether
changing static isolation cages once weekly is an appropriate performance standard for mice, we prospectively evaluated the
relationship between ammonia levels, nasal histopathology, and housing densities in various grouping strategies of mice
housed in static isolation cages. Here, we report that the average nasal pathology score per cage and intracage ammonia levels
were correlated, but nasal pathology scores did not differ among mice housed in breeding pairs, breeding trios, or female
groups. In light of ammonia levels and histopathology scores as performance standards, these results suggest that a weekly
cage-change frequency for static isolation cages does not result in adverse effects. Our results provide evidence to support

current practices in the use of static isolation cages for housing laboratory mice in modern vivaria.

The 8th edition of the Guide for the Care and Use of Labora-
tory Animals'® (the Guide) emphasizes the use of performance
standards to evaluate housing and husbandry parameters for
laboratory rodents. In terms of cage-change frequency, the Guide
specifies, “Soiled bedding should be removed and replaced
with fresh materials as often as necessary to keep the animals
clean and dry and to keep pollutants, such as ammonia, at a
concentration below levels irritating to mucous membranes.”
However, the levels at which ammonia becomes irritating to
the mucous membranes of mice have not been well defined,
the minimal frequency of bedding changes needed to achieve
such levels in static isolation cages is currently unknown, and
quantitative guidelines have not been established. In the absence
of numerical engineering standards to define these parameters,
additional studies are needed to evaluate individual husbandry
practices to establish acceptable performance-based standards
that maintain the health and wellbeing of mice used in research.

Along with many other factors (including room ventilation,
animal density, macro-environmental temperature and relative
humidity, bedding type, bedding treatment and the amount
of bedding used), cage-change frequency influences ammonia
levels in the microenvironment of mice housed in static isola-
tion cages.*7/1128303334 [n general, the frequency of cage changes
must strike a balance between minimally disturbing the mice in
their environment and providing clean bedding in accordance
with the Guide. On one hand, increasing the frequency of cage
changes to minimize ammonia levels may result in increased
stress due to handling, more frequent disruption of pheromones
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and olfactory cues, undesirable effects on behavioral and sleep
research, altered results of immunologic testing, and reduced
reproductive success.>*#>28 On the other hand, cage changes
must be sufficiently frequent to maintain animals in a dry and
clean environment and free of the negative effects of high levels
of ammonia, carbon dioxide, and particulates,'® because high
ammonia levels have been associated with abnormal histopa-
thology in the nasal cavities of mice”? and rats.® Epithelial
damage (attenuation, atrophy, degeneration, and necrosis) and
suppurative or necrotizing rhinitis have been attributed to high
ammonia levels, but the ammonia concentrations, duration of
exposure, and other factors associated with these changes vary
widely among studies.

As the use of IVC has become common, studies have focused
more on describing the microenvironmental qualities, advan-
tages, and disadvantages of these systems on rodent health and
wellbeing, yielding a paucity of recent data on static isolation
cages. IVC have been associated with lower intracage ammonia
levels when compared with static isolation cages,? but recent
studies suggest the use of ventilated cage systems may not to-
tally avoid abnormal nasal histopathology® and may alter the
expression of genes and studies of those genes.?! Furthermore,
the use of IVC has been associated with other behavioral del-
eterious effects, including aversion of the mice to high airflow
rates within the cages,!%?® altered behavioral test results,?’38
temperatures that are below the thermoneutral zone for mice, %8
reduced production of pups,* and increased pup mortality.?® In
contrast, static isolation cages offer several advantages regard-
ing safety and comfort for the mice, simplicity, ease of daily
monitoring and ease of transport for the users, as well as low
initial and maintenance costs. For example, in the event of en-
vironmental disasters resulting in catastrophic electrical failure,
static isolation cages do not rely on electrical current for water
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supply or ventilation, thus providing a wider margin of safety
compared with that of IVC.1%1824 Similarly, cages designed for
use in ventilated systems may cause low-grade hypoxia®® and
the oxygen supply to mice may be depleted rapidly once a cage
is removed from the ventilating rack,'® complicating cage trans-
port. In addition, direct observation of the mice during daily
health checks is easier and more convenient for animal care staff
when mice are housed in static isolation cages compared with
cages in some ventilated racks, resulting in more effective health
monitoring. Finally, observation during the weekly cage change
helps to ensure that the animal care staff has the opportunity to
better visualize individual mice, in contrast to the less-frequent
cage changes that may occur when using ventilated cages.

For these reasons, we and others continue to prefer the use
of static isolation cages for housing laboratory mice, and we
have had many years of satisfactory use with weekly bedding
and cage equipment changes. As the use of ventilated cages
has increased, some laboratory animal professionals may have
come to assume that static isolation cages changed once each
week provide inferior housing conditions when compared with
ventilated cages. To this end, we conducted the current study
to evaluate our current husbandry practices.

We prospectively evaluated the relationship between am-
monia levels and nasal pathology in mice housed in static
isolation cages at different housing densities that mimic the
housing densities for mice approved by our IACUC. We hy-
pothesized that ammonia levels and nasal pathology would
increase with increasing mouse housing density in static
isolation cages. We characterized and quantified the nasal
lesions under measured ammonia levels in mice housed in
static isolation cages. Although ammonia levels were higher
in cages housing groups and trios with offspring than in cages
housing pairs with offspring, they did not differ between
cages housing groups and cages housing trios with offspring.
Furthermore the average pathology score did not differ
among adult mice housed in breeding trios, breeding pairs,
or cages housing 5 adult female mice. These results provide
evidence to support the continued use of static isolation cages
and trio breeding strategies for laboratory mice and suggest
a once-weekly cage-change frequency for mice housed in
these environments does not adversely affect mouse health.

Materials and Methods

Mice and housing conditions. Male and female BALB/cJ and
C57Bl/6] mice were obtained from The Jackson Laboratory
(Bar Harbor, ME) at 8 wk of age. These are the most common
inbred strains used in our institution. We euthanized 3 male and
3 female mice of each strain immediately on arrival from the
vendor to serve as controls for nasal histology. The remaining
mice were housed in static isolation cages that had been modi-
fied (see later section) to facilitate gas-level measurements by
the introduction of colorimetry tubes. The mice were acclimated
for 2 wk prior to the study.

Mice were maintained in accordance with recommendations
in the Guide'® and housed in an AAALAC-accredited vivarium.
The study was reviewed and approved by the IACUC of the
University of Pennsylvania. Mice were housed in static isolation
cages (polycarbonate mouse cages [7.5 in. x 11 in. X 5 in.; Max
75] topped with wire-lid feeder and water bottle holders [N10
Series Wire-bar Lid], closed with a microfilter top containing
spun-bonded polyester filters, [reduced height, polysulfone
lids])from Ancare (Bellmore, NY). Cages were provided 16
ounces (2 measuring cups) of autoclaved bedding (1/8-in.
Bed-O-Cobs, The Andersons, Maumee, OH) by using an au-
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tomatic bedding dispenser (Girton, Millville, PA); this amount
of bedding provided a measured depth of 5/8 in. in a 75-in.2
cage. Wire-lid hoppers were filled at each cage-change day
with autoclaved rodent chow (LabDiet 5010, LabDiet, St Louis,
MO). Water bottles were filled with acidified water and auto-
claved. Throughout the study, water and food were replaced
when levels were thought to be below acceptable levels, to
ensure mice had free access to food and water at all times. In
accordance with parameters described in the Guide!® our cur-
rent husbandry practices include a minimum of once-weekly
cage changes, regardless of whether mice are housed in static
isolation or ventilated cages. In addition, cages deemed to be
excessively soiled during daily health checks are changed more
frequently, according to an inhouse photographic guide, at the
discretion of the animal care staff. At our facilities, ventilated
cages are also changed once weekly, because we value the op-
portunity to have our husbandry staff directly observe the mice
at this frequency. We chose autoclaved corn-cob bedding as our
substrate for all cages because published studies have shown
that it maintains lower levels of ammonia than other bedding
choices,*?%3% and autoclaving inactivates any heat-labile urease
present in the bedding.

Temperature and humidity were maintained in the room
within the levels recommended in the Guide.'® An Aircuity
system (Newton, MA) automatically increases the number
of air changes provided in the housing room above the mini-
mum of 10 air changes hourly when the measured ammonia,
temperature, particulates, or humidity level exceeds a set
point. Ammonia levels remained undetectable in the room
throughout the course of the study. In addition, minimal and
maximal temperature and humidity levels are recorded by
animal care staff daily as part of a general quality-control
program. For this study, specific temperature and humidity
values were monitored by using an in-room monitoring device
at the time of sampling of intracage gases in the animal housing
room. Mice were kept under a 12:12-h light:dark cycle, and the
light level never exceeded 155 Ix at the cage level. More than
10 air exchanges hourly of nonrecycled air was supplied to
the room continuously, in accordance with the Guide.'® Each
cage of mice was provided one square of compressed cotton
fibers for nest building (Nestlets, Ancare) at the time of cage
change, according to our standard operating procedures for
environmental enrichment.

Cage modifications and gas measurements. For each cage, a
hole (diameter, 1 cm) was drilled in the center of the long side at
1.5in. from the bottom (approximately at mouse nose level and
well above the bedding surface). Each hole was tightly fitted
with a cut-off Capiject blood collection tube that had a twist-off,
replaceable cap (Terumo Medical Corporation, Elkton, MD).
During intracage gas measurements, the cap was removed, and
a measuring tube fitted with a rubber O-ring (model A140DV,
O-Ring Silicone, Edstrom, Waterford, WI) was inserted into
the tube and cage with a tight fit to avoid gas leaks (Figure 1).
After acclimation, mice of each strain were housed in triplicates
of groups (5 adult female mice), breeding trios (one male and
2 female mice), and breeding pairs (one male and one female
mouse) for measuring and comparing intracage ammonia
and carbon dioxide. Once they were randomized by housing
group, mice remained in the colony for an additional 3 to 6 wk
during ammonia measurements or until their offspring were
weaned at 21 d of age. All cages were changed completely once
weekly but minimally disturbed at all other times. Mice were
observed daily through the closed cage, unless a problem was
noted. Modified cages were washed, autoclaved, and filled
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Figure 1. Cage modifications were made to accommodate gas level measurements. Representative pictures depict a closed cage from the outside

(upper left), an open cage from the inside (upper right), and closed cages during gas measurements (lower left and right).

with bedding in the same manner as all other cages in our fa-
cilities. Mice in trios and pairs were allowed to mate naturally,
and offspring were maintained in each cage (with the adults)
for 21 d. All mice were euthanized by CO, inhalation in ac-
cordance with recommendations outlined by the 2013 AVMA
Panel on Euthanasia (https://www.avma.org/KB/Policies/
Documents/euthanasia.pdf).

Ammonia and carbon dioxide levels inside cages were
measured by using a bellows air pump with a stroke volume
of 100 mL (+ 5%; Drager Tube Pump Accuro, Pittsburgh, PA)
and ammonia (model 5/a tubes; range, 5 to 600 ppm) or carbon
dioxide (model 100/a; range, 100 to 3000 ppm) colorimetry gas
detection tubes (Fischer Scientific). Measurements were taken
once daily from each cage between 0700 and 0900 on days 0,
3,4,5, 6, and 7 after cage change. Each cage was only opened
during cage change (at day 7) or occasionally when food or
water levels dropped below acceptable limits (only 2 cages, once
each throughout the study). Measurements were collected for
3 consecutive weeks for each cage (without breeding) at which
time animals in group cages were euthanized and processed
for microscopic examination. In breeding cages measurements
continued through an additional 3 wk while pups matured
to weaning age at 21 d of age. One trio that did not produce
offspring provided nonbreeding controls for these conditions.
All animals were euthanized when the pups were 21 d of age

in each cage, or in the case of the cage with no offspring, once
3 additional weeks of data had been collected. Male mice were
allowed to remain in the cage with female mice during lactation
and until weaning.

Health monitoring and rodent quality assurance. The
institutional rodent quality assurance program includes a
soiled-bedding sentinel program to monitor and detect infec-
tious diseases in rodent colony rooms. Female Swiss Webster
(Tac:SW) mice are acquired at 5 to 6 wk of age and housed
in pairs, in a cage at the bottom of each rack of colony mice
(one cage per side of the rack). A predetermined amount of
soiled bedding from each of the colony cages is added to the
sentinel cage weekly, and sentinel mice are monitored daily
for clinical signs of disease. Sentinel mice are tested inhouse
for fur mites, pinworms, mouse hepatitis virus, epizootic diar-
rhea of infant mice virus, Theiler virus, mouse minute virus,
and mouse parvovirus, during each of 3 quarters of each year.
Screening serology tests for virus infections are performed
by ELISA on antigen-coated plates purchased from Charles
River Laboratories (Wilmington, MA). When weakly positive or
positive results are obtained, confirmatory tests are performed
by indirect immunofluorescence using antigens prepared in-
ternally or provided by Dr Susan Compton (Yale University,
New Haven, CT). Once each year, live sentinel mice from each
rack are shipped to Charles River Laboratories for euthanasia
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and comprehensive monitoring, which includes testing for 23
viral and bacterial agents by serology, upper respiratory and
gastrointestinal tract cultures, tests for endo- and ectoparasites,
and gross necropsy examination. In addition, mesenteric lymph
nodes from barrier-housed mice are tested by PCR analysis for
mouse parvovirus DNA. The University of Pennsylvania does
not exclude murine norovirus, Pasteurella spp., or Helicobacter
spp. from mouse housing facilities.

In addition to the use of our established sentinel program, serum
samples were collected and submitted for infectious disease testing
from mice used for the ammonia measurement studies. Randomly
selected samples from 10% of the mice (10 samples) were submit-
ted to Charles River Laboratories Research Animal Diagnostic
Services (http://www.criver.com/files/pdfs/research-models/
rm_ld_c_rads_us_a.aspx) for serology (MFIA Mouse Assessment
Plus). All results were negative, indicating no evidence of infectious
diseases that might have confounded study results.

Nasal pathology. After euthanasia, mouse heads were skinned
and fixed in 10% buffered formalin for at least 72 h prior to
decalcification. Once decalcified, 4 transverse sections were
made by using anatomic landmarks as follows. One section
was taken immediately behind the whiskers, another section
taken in front of the eyes, a 3rd section immediately behind the
eyes, and the last section was taken at the level of the external
ear canal. Paraffin-embedded microtome sections (5 um) were
mounted on slides and stained with hematoxylin and eosin for
evaluation. Sections were examined blindly by a board-certified
veterinary pathologist (AKB) with extensive rodent pathology
experience. Three sections (rostral, middle, and caudal) of the
nasal cavity were examined from each mouse. According to the
presence or absence of epithelial cell attenuation, degeneration
and necrosis, and mucosal and submucosal inflammation, le-
sions were scored indicating minimal or no pathology (score,
0), mild changes (1), moderate disease (2), or severe lesions (3).

Statistical analysis. Average ammonia levels and nasal
pathology scores were calculated by group, and standard
deviations are depicted in each corresponding figure. Nasal
histopathology scores, ammonia, and carbon dioxide levels
were compared between groups by using one-way ANOVA.
In cases where ANOVA showed a difference between groups,
posthoc analysis (Tukey Highly Significant Difference) was used
to determine groups that differed. Results from different strains
were compared by using Student ¢ tests for 2-tailed distributions
assuming equal variances. In all cases, P values less than 0.05
were considered indicative of a significant difference. There
were no significant differences between strains.

Results

Relationship among ammonia levels, nasal histopathology,
and housing density of mice housed in static isolation cages. We
obtained healthy, genetically identical mice of 2 strains from a
commercial vendor and examined their nasal histology sections
before and after housing in static isolation cages in a single
room for as long as 8 wk. Accordingly, 6 BALB/cJ (3 male and
3 female) and 6 C57B1/6] (3 male and 3 female) mice obtained
at 8 wk of age showed no microscopic nasal lesions on arrival
(controls). The remaining mice were then allocated into tripli-
cate cages that housed groups, trios, or pairs, as described in
the Materials and Methods. Average ammonia levels measured
over time in cages housing groups, trios with offspring, and
pairs with offspring showed a direct relation between animal
density and increasing ammonia levels overall, but most cages
maintained ammonia levels below 50 ppm until day 5 after cage
change (Figure 2). Ammonia levels were below the limits of
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Figure 2. Intracage ammonia levels (mean + 1 SD) were measured
daily in cages of mice housing (A) groups, (B) trios before and after
offspring, and (C) pairs before and after offspring for 3 wk. The aver-
age of 3 wk measured for 3 cages per group is depicted, except where
only 2 of 3 C57B1/6 trios produced offspring (*).

detection (5 ppm) on all days measured in cages housing only
pairs of mice with no pups. Cages housing adult mouse trios
with no offspring similarly maintained low levels of ammonia
(<25 ppm) on all days measured. However, ammonia levels in
cages housing groups or trios and pairs with their offspring
were on average higher than 50 ppm on days 6 and 7 after cage
change. Ammonia levels were compared at day 7 (for all weeks
measured) between housing strategies (Table 1, Figure 3). The
average ammonia levels were significantly (P < 0.05) higher in
cages housing trios with offspring than in cages housing pairs
with offspring when average ammonia levels at day 7 were
compared for both strains and when individual strains were
compared separately. Similarly, the average ammonia levels
were significantly (P < 0.05) higher in cages housing groups
than in cages housing pairs with offspring when average am-
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Table 1. Average ammonia levels and nasal pathology scores in mice housed in static cages

Average ammonia Average nasal Individual nasal No. of pupsin  No. of
Cageno. level (ppm) on day 7 pathology score pathology scores cage litters
Groups
BALB/c 1 126 1 1,1,1,1,1 NA NA
2 176 1 1,1,1,1,1 NA NA
3 238 14 1,1,1,2,2 NA NA
C57Bl/6 4 27 0.6 0,0,1,1,1 NA NA
5 176 1.6 1,1,1,23 NA NA
6 400 2 1,1,23,3 NA NA
Trios
BALB/c 7 168 1.3 0,1,3 6 2
8 235 1.3 1,1,2 10 2
9 350 2.7 2,3,3 4 1
C57Bl/6 10 23 0.3 0,0,1 0 0
11 188 2 0,3,3 4 1
12 256 2.5 2,25,3 10 2
Pairs
BALB/c 13 2 0.5 0,1 1 1
14 69 0.5 0,1 5 1
15 184 2.5 2,3 6 1
C57Bl/6 16 26 1 0,2 5 1
17 40 1 0,2 4 1
18 70 1 1,1 5 1
NA, not applicable.
monia levels at day 7 were compared for both strains and when . I
individual strains were compared separately. Importantly, the ' 1 i
average levels of ammonia in cages that housed trios with R
offspring did not differ from those in cages housing groups of H g
5 adult female mice. ;E
Nasal lesions of variable severity were recorded in mice 28
after 3 wk (groups) or 6 wk (trios and pairs) of housing in Eﬁ
static, filter-top cages with corncob bedding (Table 1). Regard- ‘é';.}
less of housing strategy, the average nasal pathology scores 25
did not differ between BALB/c (P = 0.86) and C57B1/6 (P =
0.11) strains of mice. For mice housed in groups (Table 1), one

of the cages (no. 4) maintained average levels of ammonia
below 50 ppm at day 7 after cage change for 3 consecutive
weeks, and the mice in this cage had the lowest nasal pathol-
ogy scores in this cohort. Another cage (no. 6) reached the
highest average level of ammonia (400 ppm on day 7) and
had the highest pathology scores. These results suggested
an association between ammonia levels and nasal pathology.
Similar associations between ammonia levels and pathology
scores were noted in mice housed in trios and pairs (Table 1).
When the average ammonia level at day 7 was compared with
the average pathology scores per cage, increasing ammonia
levels were positively correlated with histopathology score in
all groups (Figure 4). However, individual pathology scores
varied widely between mice in individual cages, all of which
had been exposed to similar levels of ammonia. In addition,
nasal pathology scores did not differ (P = 0.18) when compar-
ing groups, trios with offspring, and pairs with offspring. Our
results suggest an association between maximal ammonia
levels in individual cages and the incidence and severity of
nasal mucosal changes that are associated with damage due to
high ammonia. However at commonly used housing densities,
we detected no significant differences in the severity of nasal
lesions, regardless of housing scheme.

Mice in Groups

Trios with Offspring Pairs with Offspring

Figure 3. Intracage ammonia levels (mean * 1 SD) measured on day 7
after cage-change were measured in triplicate cages from each group
for 3 wk. The average of 3 wk measured for 2 or 3 cages per group
is depicted. Cages of trios and pairs before offspring were born are
omitted from this analysis. Cages of mice in groups contained 5 adult
female mice. The numbers of mice per cage ranged from 7 to 13 (av-
erage, 11) for mice in trios and from 3 to 8 (average, 6) for mice in
pairs. The average ammonia levels on day 7 were higher in groups
than in pairs with offspring for C57Bl/c and BALB/c mice (t, P <0.05
for each) and for both strains combined (}, P < 0.01). The average am-
monia levels on day 7 were higher in trios with offspring than in pairs
with offspring for C57B1/6 and BALB/c mice (*, P <0.01 and P < 0.05,
respectively) and for both strains combined (**, P < 0.01). There were
no significant differences between groups and trios with offspring
(P>0.05).

Examples of nasal pathology observed. Nasal histopathology
ranged from none or minimal (score, 0) to severe (3). Upon ar-
rival to our institution, the nasal sections examined from all 12
mice in the control group were within normal limits and there-
fore received histopathology scores of 0 (Figure 5 A). Similarly,
several other mice maintained normal nasal histology while
housed in static isolator cages under study (Table 1, Figure 5 B).
Lesions observed in other mice included epithelial attenuation,
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Figure 4. Intracage ammonia levels (mean * 1 SD) were measured
daily in triplicates of cages housing groups, trios before and after
offspring, and pairs before and after offspring for 3 wk. The average
measures on day 7 after cage-change for each individual cage were
compared with the average nasal pathology scores of all mice in each
cage. There is a positive correlation between the average nasal pathol-
ogy score and average ammonia level at day 7 for each cage, but the
average nasal pathology scores in all cages remained below 3, with the
mean of all scores (1.3) indicating mild changes overall.

degeneration, and necrosis (Figure 5, C and D), submucosal
lymphoplasmacytic inflammatory infiltrates (Figure 5, E and F),
and mucosal and submucosal suppurative infiltrates (Figure 5,
G and H) in some cases.

Room temperature, relative humidity, ammonia and intracage
carbon dioxide levels. This prospective study was performed
between March and May, and macroenvironmental tempera-
tures in this room ranged from 67.2° to 69.4° with an average
of 68.4 °F during the course of the study. Ammonia levels in the
room were below the limits of detection (<5 ppm) throughout
the course of study. The relative humidity in this housing room
ranged from 27% to 36%, with an average of 30%, during the
course of the study. Although the room humidity occasionally
fell below the 30% humidity parameter in the Guide, the humid-
ity within static isolation cages is, on average, 11% above room
humidity,?’3! and no problems associated with low humidity,
such as ringtail in pups, were seen in this room or other rooms
in our vivaria kept at similar ranges of humidity. Carbon diox-
ide levels were measured prospectively at the same times as
ammonia. Figure 6 shows the average CO, levels measured in
cages of different housing densities before and after breeding.
Cages with female groups of 5 mice had the highest levels of
carbon dioxide measured. Cages with trios had intermediate
levels of carbon dioxide, and cages with pairs had the lowest
levels of carbon dioxide measured before pups were born. In
cages housing trios of mice, the appearance of offspring did
not significantly influence carbon dioxide levels in each group.
However, in cages housing pairs of mice, the levels of carbon
dioxide increased when offspring were present (Figure 6). How-
ever, we did not detect a direct correlation between ammonia
and carbon dioxide levels in this study (data not shown).

Discussion

Prior studies of open cages, static or ventilated isolation cages
compared the effects of bedding type,'%1426% relative humid-
ity,”?*31 cage location, ' temperature,*! housing density,” 14253334
cage-change frequency,!#??3%%7 and ventilation rates®? in a
variety of experimental settings. The majority of these studies
were performed in IVC systems or open cages.”1422253031,33,34,37
Mouse preference studies have shown that, when given a choice,
mice choose a static isolation cage over a ventilated cage.!® In
contrast, mice exhibited no clear preference for, or aversion to,
experimental ammonia levels up to 100 ppm in a cage-choice
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paradigm,'® suggesting that mice may not find ammonia as
aversive as do humans, who find ammonia aversive at 25 ppm
or greater. Among the few prior studies describing nasal pathol-
ogy as an indicator of ammonia toxicity, one found that animals
had normal nasal histology irrespective of intracage ammonia
levels,? another found microscopic changes only after experi-
mental exposure for more than 13 d to high ammonia levels
and that the mean ammonia levels that caused rhinitis were 181
ppm for 18 d of duration,” and yet another found microscopic
respiratory changes in breeding pairs and trios of mice housed
in IVC despite low intracage ammonia levels.’

We undertook the current study in static isolation cages to
answer questions that may contribute to the establishment of
engineering guidelines for intracage ammonia levels, which
are absent from the Guide.1® Published data have shown that
chronic mucosal irritation and degeneration of respiratory
epithelium can be due to high ammonia levels.!1%% In the
study reported here, we measured intracage ammonia and
carbon dioxide levels and evaluated the degree of histologic
changes in the respiratory tract of mice, to use respiratory
histopathologic changes as a relevant performance standard
under housing densities and conditions currently in use in
our vivaria. For this purpose, we included groups of 5 adult
female mice, breeding pairs, and breeding trios (2 female and
one male) of mice. Carbon dioxide levels did not correlate with
housing density or days since cage change, and the observed
large variations in CO, levels may have been due to variations
in the tightness of the fit between cages and lids or in biomass
within the cage. Levels of ammonia exceeding 50 ppm were
seen in cages housing groups of 5 female mice and mice with
litters at days 6 and 7 after the cage bottom had been changed.
Overall, we saw a correlation between animal density and
maximal ammonia levels at the end of the week. Trio breeding
cages with litters had a significantly higher maximal level of
ammonia when compared with pair breeding cages. In addi-
tion, group-housed mice experienced higher maximal levels
of ammonia than did breeding pairs. However, the average
ammonia levels at day 7 after cage change did not differ be-
tween groups of mice and breeding trios. The Guide'® states that
“sufficient space should be allocated for mothers with litters
to allow the pups to develop to weaning without detrimental
effects for the mother or the litter.” The lack of detrimental
effects seen in the current study support the continued use
of trio breeding, provided that animal numbers are managed
carefully and that pups in trio breeding cages are weaned
promptly at 21 d of age.

Lesions within the nasal cavity were limited to the nasal epi-
thelium in study mice. When histologic changes were present in
the nasal cavity, most of the lesions seen were evaluated as mild
in extent and severity under these housing conditions. There
were no significant differences in the average nasal pathology
score of mice housed in groups, trios, or pairs in static isolation
cages. However, the maximal intracage ammonia level per
cage was correlated (R? = 0.65) with the nasal histology scores
of individual animals housed under the 3 paradigms, suggest-
ing that higher ammonia levels can be expected to cause more
severe lesions. Our conclusion from these data is that intracage
ammonia levels in cages housing breeding trios with litters may
result in detectable damage to the nasal mucosa. In response to
this finding, we require that pups must be weaned promptly
at 21 d of age in trio breeding cages. If mice are bred in harems
with more than 2 adult female mice per cage, each pregnant
female mouse must be removed from the harem to a separate
cage for parturition and nursing.
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Figure 5. Representative examples of nasal histopathology from mice housed in static isolation cages. (A) Control group, no nasal pathology
(score, 0); magnification, 20x. (B) Experimental group, no nasal pathology (score, 0); magnification, 20x. (C and D) Mild epithelial degeneration
and ciliary loss (score, 1); magnification: 20x (C), 40x (D). (E and F) Moderate epithelial degeneration and necrosis with mild submucosal inflam-
matory infiltrates (score, 2); magnification: 20x (E), 40x (F). (G and H) severe suppurative rhinitis with marked epithelial degeneration, necrosis,
and sloughing; also marked mucosal and submucosal suppurative inflammatory infiltrate (score, 3); magnification: 10x (G), 20x (H).

This study was intentionally designed to closely mimic the
housing density and cage conditions for mouse housing in
static isolation cages that are used throughout our vivaria.
However, our study design did result in several limitations to
the interpretation of our results. First, individual cages with
similar numbers of mice showed variable intracage ammonia
levels. We hypothesize that some of this variation may be due
to the fact that the cage bottoms selected for customization with
a gas measurement port and the cage tops used in this study
had previously been used for mouse housing and that no at-
tempt was made to control for variations in the ‘tightness’ of
various cage bottom-lid pairs. These variations in tightness in
fit may have been present when the cages and lids were new
or may have developed with repeated sanitization and auto-
claving. Variations in the tightness of the fit of cage tops over
individual cage bottoms may be more important than previously
thought in the levels of intracage ammonia in mouse cages.
Despite the presence of a filtered top, most of the ventilation
for a static isolation cage has been shown to occur around the
lid and not through the spun polyester filter.!” Second, our
breeding mice produced litters of various numbers of pups,
and we chose not to cull pups to make the number of pups
per cage uniform. This variation in litter size mimics condi-
tions found in our vivarial breeding cages but is likely to have
added variability to intracage ammonia levels in the breeding
cages in this study. Third, although our barrier housing areas

maintain clinically healthy mice, we do not exclude Pasteurella
pneumotropica, Helicobacter spp., or other bacterial agents that
cause sporadic respiratory inflammation. We saw no evidence of
bacterial infection in the respiratory passages of the animals in
this study, but it might play a subclinical role in some colonies.
In addition, our group-housing paradigm included only groups
of female mice—groups of male mice could have been expected
to produce higher levels of ammonia.?” Because male mice of
many strains fight when cohoused beyond puberty, we did not
include all-male groups in the experimental design because
of a humane concern regarding unnecessary pain or distress
and because fighting would necessitate disruption of groups
under experimental study. Finally, the results presented in our
current study pertain specifically to the timing and conditions
described and evaluated only 2 healthy strains of commonly
used mice. Our findings, however, may be directly relevant to
mouse housing in static cages beyond our institution.

Static isolation cages have withstood the test of time as a
highly useful housing system for laboratory mice. We con-
ducted this study to test the hypothesis that ammonia levels
and nasal pathology would increase with high mouse density
in static isolation cages. We conclude that static isolation cages
provide acceptable performance standards for modern vivaria.
Further studies are needed to determine whether increasing the
cage-change frequency in static isolation cages abrogates nasal
pathology in mice.
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Figure 6. Intracage carbon dioxide levels (mean + 1 SD) were meas-
ured daily in cages of mice housing (A) groups, (B) trios before
and after offspring, and (C) pairs before and after offspring for 3 wk.
Each line represents measures from 3 individual cages within each
group, except when only 2 of the 3 cages of C57Bl/6 trios produced
offspring (*).
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