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Incidence Rates of Spontaneous Disease
in Laboratory Mice Used at a Large Biomedical
Research Institution

James O Marx,>" Angela K Brice,"? Raymond C Boston,® and Abigail L Smith'?

A detailed epidemiologic survey of spontaneous diseases of mice used in biomedical research has not been performed in
more than 4 decades. The current study examined all mouse disease reports for a subset of the University of Pennsylvania
vivaria from October 2010 through September 2011. Mortality logs were examined over the same period of time. After eliminating
protocol-related cases, the incidence rates for more than 30 diseases were calculated in terms of number of cases per 1000 cages
per month. The average daily census for the facilities analyzed exceeded 29,000 cages and included more than 180 research
groups. No single research group accounted for more than 4% of the total number of cases reported, indicating that this
study did not simply quantify the spontaneous disease incidence in a limited number of research groups. Spontaneous
mortality with unknown cause in adult and neonatal mice without prior reported illness was the most commonly reported
issue, followed by dermatitis, ocular disease, and nonspecific clinical signs including lethargy, poor hair coat, and muscle
wasting. These results indicate that improving the ability to identify sick mice is important in refining the care and use of
mice in biomedical research. The information provided in the current study can help to provide a baseline for comparison,
guide the field in directing mouse welfare research toward areas of need, and identify optimal methods of care for mice in
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biomedical research.

Abbreviation: CPM, cases per 1000 cages per month.

Epidemiology studies the distribution and determinants of
disease in a population and commonly involves the calculation
of the incidence of disease in an at-risk population. With this
information, healthcare providers can focus their attention on
the areas of greatest need. Most epidemiologic studies in mice
used in biomedical research historically have focused on the
prevalence of infectious agents.34131521,22262937 This attention
was logical given the frequency of infectious agents and their ef-
fects on both the health of the mice and experimental outcomes.
However, through a combination of improved diagnostics, re-
derivation of mice, and improved housing modalities, many of
these infections have either been eradicated or greatly reduced
in their incidence. In addition, epidemiologic studies in labora-
tory mice have revealed disease incidence rates within narrowly
defined populations, such as specific strains of mice.2 However,
many strains of mice in biomedical research are genetically
manipulated, some genetic drift occurs within each strain, and
there are differences in housing conditions and experimental
protocols, so that information on a single strain does not provide
the ability to determine the overall rate of spontaneous diseases
in mice used in biomedical research.

There are myriad factors that make studying the epidemiol-
ogy of spontaneous mouse diseases a difficult undertaking.
Mice frequently present with protocol-related, experimentally
induced lesions, which are specific to the model of disease. As
mentioned earlier, hundreds of strains of inbred and outbred
mice exist, each of which may have unique disease susceptibility.

Received: 08 Apr 2013. Revision requested: 03 May 2013. Accepted: 24 Jun 2013.
Wniversity Laboratory Animal Resources, *Department of Pathobiology, and 3Center
of Clinical Studies, New Bolton Center, School of Veterinary Medicine; University of
Pennsylvania, Philadelphia, Pennsylvania.

“Corresponding author. Email: marx@upenn.edu

Further confounding this difficulty is the use of genetically ma-
nipulated mice, which may be predictably altered in phenotype
but frequently present with other unexpected abnormalities,
including direct and indirect consequences of altered immune
function. These consequences, combined with intentional
immunosuppression, either due to genetics, radiation, or phar-
macology, are very common in mice used in biomedical research
and will alter their susceptibility to normally benign opportun-
istic bacterial and viral infections.

The epidemiology of infections in pet and wild mice provides
limited useful information related to mice used in biomedical
research. Many of the infectious diseases that have been elimi-
nated in laboratory rodents continue to be prevalent in pet and
wild mouse populations.??? In addition, most mice in biomedi-
cal research are maintained under tightly regulated housing
conditions, as recommended in the Guide for the Care and Use of
Laboratory Animals,'* which can alter disease prevalence. Two
studies from the 1950s and 1960s attempted to estimate disease
prevalence in research mice by surveying institutions involved
in biomedical research.!®3! These studies report disease rates
according to the number of institutions reporting the disease.
Because no in-depth attempt was made to report the incidence
rate for each of the diseases, combined with the profoundly
improved biosecurity approaches used now for animals in
biomedical research, there is little value in extrapolating these
results to the current rate of disease in research mice.

The practice of field epidemiology relies on admittedly im-
perfect databases, compared with data collected prospectively
in controlled studies, to provide reasonable estimates of disease
incidence.3® The mouse vivaria at the University of Pennsyl-
vania provided an ideal location to undertake the current
investigation for several reasons: mice are housed in both barrier
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and conventional facilities; as discussed below, no individual
researcher accounts for a large percentage of mice included in
any single facility (meaning that the study did not examine
disease rates in a single research colony); each facility represents
a heterogeneous mix of research projects and disease models
(no facility was dedicated to a particular type of research); and
a comprehensive sentinel monitoring system provides excel-
lent surveillance of the mice for many of the common viruses,
bacteria, and parasites of mouse colonies.

The current investigation was undertaken to document
spontaneous disease rates in a large heterogeneous population
of laboratory mice used in biomedical research. The benefits of
this study are 2-fold: first, to provide a point of reference for
institutions to evaluate the relevant prevalence of spontaneous
diseases within their facilities; and second, to provide focus
to the field of laboratory animal medicine in disease control
efforts for mice.!*3 With a baseline for comparison, differ-
ent husbandry and management techniques can be evaluated
between institutions to optimize the care provided for mice in
biomedical research.

Materials and Methods

We analyzed all ‘sick animal” mouse cases reported from
October 2010 through September 2011 to the University of
Pennsylvania University Laboratory Animal Resources. The
cases from 4 facilities were included in the study, in light of the
size of the facility (Table 1) and the diversity of research be-
ing conducted within it. None of the facilities was designated
for a specific type of research. Facilities included both barrier
and conventional housing, used a variety of water treatments
(for example, reverse-osmosis—purified, acidified, and hyper-
chlorinated), and included individually ventilated and static
isolation cages.

All of the mice in the facilities were on active protocols ap-
proved by the University of Pennsylvania IACUC. The mice
were housed in standard 7.5 in. X 11.5 in. X 5 in. polycarbonate
cages (static isolation or ventilated; Ancare, Bellmore, NY)
with 1/4-in. corncob bedding (Animal Specialties and Provi-
sions, Quakertown, PA). IACUC guidelines allow as many as
5adult mice per cage. All mice that were singly housed received
either a Nestlet (Animal Specialties and Provisions) or some
other form of enrichment, unless an exemption was granted
by the IACUC. All husbandry materials in the barrier facili-
ties were either autoclaved or irradiated. Cages were checked
daily and typically were changed once weekly, with changes
occurring more frequently if necessary (for example, mice with
polyuria—polydipsia were changed 2 or 3 times weekly). Facil-
ity temperatures were maintained at 22.2 + 1.1 °C (72 = 2 °F);
humidity was between 30% and 70% with 10 to 15 air changes
hourly. Each facility had 24-h environmental monitoring, with
notifications of deviations automatically sent to facility manag-
ers or onsite staff.

All cases were reported to University Laboratory Animal
Resources by either an animal care technician or a member of
the research staff. Cases were triaged by a certified veterinary
technician within 48 h, unless the case was reported as an
emergency and therefore was examined immediately. Mice then
were examined by a veterinarian with training and expertise in
laboratory animal medicine. The diagnosis or chief complaint
was recorded as the main finding from either the veterinary
exam or the veterinary technician’s triage and was determined
through examination of the medical records by one of the
authors (JOM). Secondary observations and diagnoses were
recorded for each case also. A description of the most common
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clinical diagnoses is included in Figure 1. An anatomic diagnosis
was recorded for each case whenever possible (for example,
tumor—abdomen, dermatitis-hindlimb, conjunctivitis). When
an anatomic diagnosis could not be determined, the clinical
signs were recorded (for example, lethargy, muscle wasting,
eye closed). Other information recorded for each case included
the date of the initial report, housing facility, room, principal
investigator, approved IACUC protocol number, number of
affected animals in the cage, and any other relevant comments.
Any additional disease syndromes that developed during the
course of treatment for the chief complaint were not included
in the analysis. Room mortality logs, completed by the Univer-
sity Laboratory Animal Resources animal care staff, were used
to calculate the number of cases of spontaneous mortality of
unknown cause in the colonies.

After all cases were recorded, protocol-related lesions were
eliminated from the analysis. This elimination was done by a
thorough review of all cases in comparison with the approved
IACUC protocols and direct communication with research
staff. For example, when a mass was reported on an animal
maintained on a tumor-related protocol, we assumed that the
mass or tumor was expected within the context of the study,
and the case was removed as being protocol-related disease.
Similar procedures were followed in experimental protocols
relating to eye and skin diseases. Cases of lethargy, muscle
wasting, or other nonspecific signs of illness were eliminated
only when the symptom was described in the protocol as an
expected outcome of the experimental study. Because spon-
taneous deaths in the mortality logs could not be assumed to
be protocol-related, all reported deaths were included in the
analysis. This inclusion consequently inflates the numbers of
deaths because of our inability to exclude these cases. Barber-
ing and alopecia, without inflammation, were not reported as
clinical cases, and cases of infertility and decreased reproduc-
tive performance reported by laboratories were not reported
as clinical disease but instead were addressed as nonclinical
protocol-related issues by the veterinary staff. Cases of clinical
disease associated with husbandry or animal handling were
grouped as iatrogenic diseases.

Cases were grouped according to type of disease, that is,
dermatitis, ocular disease, neurologic disease, tumors, and so
forth. Incidence rates were calculated as the number of affected
animals per 1000 cages per month (CPM), and the number of
affected animals per 5000 mice per month. Many epidemiology
studies report data in terms of cases per susceptible subjects in
the population.®®* However, reporting cases according to the
total number of mice in the vivaria may not be particularly
valuable to laboratory animal veterinary staff, because doing so
requires knowledge of the exact number of mice in the facility,
which is highly variable due to cages that can house 1 to 5 adult
mice or various breeding schema that include litters of pups.
Instead, many research facilities, including the University of
Pennsylvania, maintain accurate counts of the total number of
cages within facilities. We therefore determined the total cage
census for each facility by scanning bar-coded cage cards on
each cage once weekly. The average number of cages for each
month was determined by averaging the scanning counts over
the month. Once a cage was identified as being under treatment
or observation, it was no longer included in the at-risk popula-
tion. These cages were deleted from the at-risk population in
the calculation of CPM by subtracting the number of new cases
each month by the average time a cage was under treatment or
observation. This average time was calculated as the average of
the first 200 cases identified in each facility (Table 1). Incidence
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Table 1. Facilities included in the analysis

No. of days on

Watering  Daily cage census No. of mice per cage treatment
Facility Type Water used system (mean + SE [range]) Cage type (mean £ SE) (mean £ SE)
A Barrier Reverse-osmosis Automatic 10,345 + 241 Ventilated 3.0+£0.1 6.4+0.5
(8972-11,176)
B Barrier and Acidified Bottles 6036 + 152 Static 2.6+0.1 9.2+0.9
conventional (5457-7106)
C Barrier Chlorinated Bottles 8669 + 104 Static 3.1+£0.1 6.1+04
(8003-9143)
D Conventional Chlorinated Bottles 4010+ 85 Static 3.1+£0.1 6.3+04
(3480-4361)
Total 29,061 + 346

(26,424-30,420)

All supplies and food entering the barrier facilities are sterilized. Mice leaving barrier facilities may not return, although this is allowed in the

conventional facilities.

Nonspecific signs of disease

Spontaneous mortality based on data from room mortality logs.

Nonspecific signs of disease — cases reported as being lethargic, hunched posture, scruffy haircoat,
and so forth, with no underlying disease identified.
Muscle wasting —record specifically reports muscle wasting or poor body condition with no

underlying disease identified.

Moribund mice were not profoundly depressed and not responsive to stimulation.
Cases on IACUC protocols with lethargy or other signs included were eliminated as being

protocol-related disease.

Mice on IACUC protocols involving skin disease were not included in the analysis.
Cases of barbering with no inflammation were not included in the analysis.
Cases of periorbital dermatitis were grouped with ocular diseases.

Any signs of ocular disease were included, including inflammation of periocular tissue.

Mice on IACUC protocols involving ocular disease or eye bleeding and subretinal injections were

Dermatitis All cases of dermatitis.
Eye cases

not included in the analysis.
Tumors

Tumors were differentiated from abscesses and cystic growths according to physical exam findings
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Mice on IACUC protocols involving tumors were not included in the results. No attempt was
made to confirm that the tumor was the same as that in the tumor protocol.

Neurologic disease

Ataxia was differentiated from lameness according to physical exam findings.

Paresis and paralysis were diagnosed according to physical exam findings.
Vestibular disease was diagnosed when a head tilt and spinning in response to tail suspension

were present.

Stereotypical circling was not included in these cases.

Fight wounds

Female reproductive disease

Fight wounds were diagnosed according to classic physical exam findings.

Dystocia was diagnosed according to either unproductive contractions with palpable pups inside

the dam or clinical signs of disease during the immediate postpartum period.
Neonatal disease was defined as sickness during the preweaning period.

Iatrogenic diseases

Visual confirmation of the event was required. Protocol-related diseases, such as ear-tag lesions

and eye trauma after eye bleeding, were excluded.

Figure 1. Descriptions of the diseases identified most frequently.

rate also was determined on the basis of the number of cases
per 5000 mice per month.

The number of at-risk mice was determined by multiplying
the total number of cages by the average number of mice in each
cage, determined independently for each facility by averaging
the number of mice in 200 cages from each facility. Cages with
2 mice affected by a disease therefore counted as 2 individual

events. Cases of fight wounds were counted as a single event,
independent of the number of mice with lesions within the
cage, because frequently all of the mice in the cage except for
the aggressor-dominant mouse presented with lesions, meaning
that the total number of mice affected would simply be depend-
ent on the total number of mice in the cage. Once treatments
or observations ended on a case, it was eligible to be reported
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again as a new case. Diseases reported as more than 120 cases in
the year (thatis, 0.34 CPM or greater) were analyzed by facility
and by month. Diseases reported between 40 times (0.11 CPM)
and 120 cases in the year were analyzed by month but not by
facility. Diseases occurring fewer than 40 times in the year were
not subcategorized for further analysis.

The sentinel program was used to determine the effects of in-
fectious diseases on the incidence rate of spontaneous diseases.
The sentinel program uses female Swiss—Webster (Tac:SW) mice
purchased at 5 to 6 wk of age from Taconic (Germantown, NY).
A single sentinel cage housing 2 mice monitors each side of
every rack on a quarterly schedule. Soiled bedding from each
cage on a rack side is transferred weekly to its corresponding
sentinel cage at cage change. During each of 3 quarters, the
sentinel mice are examined onsite for fur mites and pinworms,
and serology (ELISA) is performed by using antigens for mouse
hepatitis virus, epizootic diarrhea of infant mice virus, Theiler
virus, mouse minute virus, and mouse parvovirus. Antigen-
coated plates are purchased from Charles River Laboratories
(Wilmington, MA). Confirmatory testing, when required, is
performed by indirect immunofluorescence using antigens
prepared internally or provided by Dr Susan Compton (Yale
University, New Haven, CT).

Live sentinel mice from each facility are shipped annually to
Charles River Laboratories for more comprehensive monitoring.
All sentinel mice are tested using the HM Plus profile (serology
for 23 viral and bacterial agents; upper respiratory and gas-
trointestinal tract cultures; endo- and ectoparasites; and gross
necropsy; http:/ /www.criver.com/SiteCollectionDocuments /
rm_ld_c_RADS_US_a.pdf), and lymph nodes from sentinel mice
housed in barrier facilities are tested by PCR assay for mouse
parvoviral DNA. The University of Pennsylvania does not
exclude murine norovirus or Helicobacter spp. from its mouse
housing facilities; in fact, both organisms are present enzooti-
cally. Over the surveyed year, excluded infectious or parasitic
agents were identified in 7 rooms in sentinel animals (fur mites
in 4 rooms in Facility C, mouse hepatitis virus in 2 rooms in
Facility D, and mouse minute virus in one room in Facility D).
In each case, the prevalence of the disease within the room was
determined and an eradication plan enacted. The case reports
within the affected rooms were examined for 4 mo before the
diagnosis of the outbreak and for 3 mo after the diagnosis and
treatment—eradication of the disease within the room.

For each disease occurring more than 120 times during the
year, the incidence rates by season were estimated by using
Poisson regression, with spring as the referent season (Stata 12.1,
StataCorp, College Station, TX). After the Poisson regression and
for each health outcome, we performed pairwise comparisons
among the incidence rates for the other seasons. To ease the
assumption of event independence, which is required with the
Poisson regression approach, we corroborated the predictions of
this approach with the use of negative binomial regression.%1227
When the results of the more conservative negative binomial
regression approach indicated, we deferred to those. All statisti-
cal testing applied a 5% probability for statistical significance;
when significant results were detected and to preserve this error
rate, we adjusted the critical P value according to the method
of Bonferroni when we performed the posthoc pairwise com-
parisons of incidence rates across seasons.

Results
A total of 4735 clinical cases fulfilled the criteria for inclusion
in this study. The animal care staff reported 1670 other cases
that were eliminated from the analysis because they fulfilled
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the criteria for protocol-related lesions. More than 180 research
groups had mice included in the analysis. Within each facility,
no principal investigator accounted for more than 16% of the
total caseload for that facility or more than 4% of the total cases
included in the analysis. This heterogeneity was important
so that the data for each facility did not simply represent the
spontaneous disease seen in a single research program or a small
number of research groups. Spontaneous mortality occurred
in 9527 adult and 6195 neonatal mice during the course of this
study. These numbers are inevitably elevated relative to the
incidence of the other diseases, because protocol-related deaths
were not eliminated from these numbers.

Tables 2 and 3 report a breakdown of cases reported dur-
ing the year. As the data show, spontaneous mortality with
no previous signs of illness among both adults and neonates
was the most commonly reported event in the colonies. As
discussed earlier, these data include animals deaths associated
with protocol-related procedures, potentially elevating these
numbers compared with the other clinical diseases reported.

Mice with nonspecific signs of disease, including lethargy,
hunched posture, muscle wasting, scruffy haircoat or moribun-
dity, for which an underlying pathology could not be identified
on physical exam were divided into 3 groups. Mice with signs
of lethargy, hunched posture, and poor haircoat were analyzed
separately from those with muscle wasting, because muscle
wasting infers some degree of chronicity, whereas the other
clinical presentations may occur more acutely. Moribund mice
were treated as another separate presentation. The rate of mice
presenting with nonspecific clinical signs was 1.49 CPM; the rate
was 0.80 CPM for muscle wasting; and the rate was 0.24 CPM
for moribund mice. We did note that many cases that presented
with illness fell into more than one of our categories, for example,
they had both muscle wasting and the other nonspecific signs of
disease. Of the 514 cases with nonspecific signs, 214 presented
with muscle wasting, whereas 252 of 277 cases of muscle wasting
presented with other nonspecific clinical signs. Eighteen of the
539 mice reported with nonspecific signs were found sponta-
neously dead within 24 h, indicating that 521, or 97%, either
were treated sufficiently to survive until the following day or
were euthanized.

The most common clinical disease entity was dermatitis,
occurring at a rate of 3.10 cases CPM. Tables 2 and 3 report the
anatomic distribution of these lesions, with the classic locations
of ulcerative dermatitis accounting for 53% of the dermatitis
cases. The proportion of cages with multiple mice affected by
dermatitis was 6.2%.

Eye cases occurred at a rate of 1.28 CPM. Because of the small
size of mice, many of the eye lesions were not reported as an ana-
tomic diagnosis but instead were reported as clinical signs, such
as cloudy eye, squinting, closed eye, and so on. Histopathologic
review of eye lesions demonstrated that conjunctivitis (primary
or secondary) was nearly ubiquitous in mice with eye lesions,
with corneal and lens lesions being less prevalent.

Female reproductive and urogenital disorders were grouped
with reports of neonatal mice, because we inferred that instances
of neonatal disease typically are linked to maternal factors.
The majority of sick neonatal mice presented with signs of
dehydration, lethargy, poor body condition, and so on. Clinical
reproductive disease in male mice occurred relatively rarely.

Water-delivery problems and iatrogenic lameness were the
most commonly reported iatrogenic diseases. The vast majority
of water problems were cases of watering failures, predomi-
nantly flooded cages, occurring in facility A, which is the only
facility predominantly using an automatic watering system.
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Table 2. Incidence rate (CPM) and percentage of clinical cases for each disease

Incidence rate (CPM)
95% % of
confidence clinical
Facility A Facility B Facility C Facility D Overall interval cases
Nonspecific Spontaneous 30.21+£0.48 16.01+1.14 28.15+£1.01 33.50+1.37 27.13+0.54 25.95-28.31
systemic diseases  mortality with (27.66-33.71)  (10.20-23.13) (22.17-35.49) (25.10-41.25) (24.18-31.68)
unknown
cause—adults
Spontaneous 39.88 +2.82 2.21+0.56 1.80+£0.28 18.83 £2.95 17.72+1.08 15.36-20.08
mortality with (21.54-51.39) (0.34-7.33) (0.12-3.42)  (3.17-36.43)  (11.43-23.96)
unknown
cause—pups
Lethargy, 1.49+0.24 0.32+0.10 0.99 £0.15 3.63+0.33 1.49+0.13 1.21-1.77 11.0
poor haircoat, etc (0.80-4.38) (0.00-1.27) (0.13-1.83) (1.86-6.11) (1.01-2.76)
Muscle wasting 0.73£0.11 0.16 £ 0.05 0.78 £0.11 1.94 £0.32 0.79 £0.08 0.61-0.97 5.6
(0.22-1.46) (0.00-0.65) (0.13-1.60) (0.58-4.69) (0.36-1.28)
Moribund 0.24+0.03 0.18-0.30 1.8
(0.10-0.44)
Dermatitis All anatomic 2.51+0.17 1.75+0.17 1.97 £0.19 9.08 +0.67 3.11+0.12 2.85-3.37 21.7
locations (1.43-3.33) (0.51-2.98) (0.57-3.20) (5.66-12.97) (2.57-4.02)
Ulcerative dermatitis 142+0.13 1.14+£0.14 0.85+0.13 4.69 £ 0.60 1.65£0.09 1.46-1.84
and dermatitis of (0.55-2.12)  (0.51-2.10)  (0.23-159)  (1.62-8.83)  (1.17-2.30)
dorsal neck
and pinnas
Face, muzzle, 0.51+0.07 0.20 £ 0.05 0.29 +£0.07 1.57+0.24 0.52+0.04 0.44-0.60
and nose (0.18-0.84) (0.00-0.67) (0.00-0.68) (0.58-3.42) (0.30-0.84)
Back and flanks 0.21+0.07 0.15£0.06 0.30 £ 0.06 1.24 £ 020 0.37+0.03 0.30-0.44
(0.00-0.83) (0.00-0.53) (0.11-0.77) (0.00-2.20) (0.17-0.54)
Hindlimbs 0.17 +£0.02 0.13-0.21
(0.00-0.26) (O}
Ventral neck 0.12+0.02 0.08-0.16
(0.00-0.20)
Base of tail and tail 0.11 £0.02 0.05-0.17
(0.00-0.26)
Fight wounds Fight wounds 2.21 £0.06 1.23+0.14 1.30£0.16 4.81+£0.54 2.10+0.06 1.97-2.23 14.7
(1.66-2.50)  (0.17-2.12)  (0.34-2.39)  (1.56-8.28)  (1.66-2.50)
Ocular lesions Eye 0.73+0.13 0.31+0.07 0.99+0.27 4.73+0.13 1.28+0.13 1.00-1.56 8.9
(0.10-1.85) (0.00-0.56) (0.11-3.20) (1.01-2.76) (0.67-2.04)
Female Dystocia 0.81 +£0.08 0.04 £0.03 0.19£0.05 0.57 £0.09 0.43£0.04 0.35-0.51 3.0
reproductive (0.30-1.50) (0.00-0.57) (0.00-0.57) (0.00-1.39) (0.24-0.68)
zri‘i;‘s?s“atal Neonates with 0.86+008 0114004  013+003  076+012  048+0.02 0.43-0.53 33
clinicaldisease (0.30-1.29) (0.00-0.35) (0.00-0.34) (0.23-1.72) (0.34-0.62)
Prolapsed vagina 0.14+0.03 0.08-0.20 1.0
or uterus (0.03-0.40)
Tumors Tumors 0.72+£0.10 0.34 £0.07 0.63£0.14 3.08 £0.48 0.94 £0.08 0.76-1.12 6.5
(0.19-154)  (0.00-0.69)  (0.13-1.94)  (1.08-6.35)  (0.47-1.45)
Malocclusion Malocclusion 0.35+0.05 0.14 +£0.04 1.19£0.19 0.98+0.17 0.65 +0.06 0.53-0.77 4.5
(0.09-0.64) (0.00-0.42) (0.46-3.31) (0.00-1.95) (0.44-1.24)
Prolapsed rectum  Prolapsed rectum 0.70£0.06 0.17 £0.06 0.36 £ 0.06 1.03+0.15 0.54+£0.04  0.46-0.62 3.7
0.27-1.02)  (0.00-0.73)  (0.11-0.84)  (0.00-1.72)  (0.34-0.83)
Iatrogenic disease =~ Watering failures 0.23+£0.03 0.16-0.30 1.7
(0.03-0.44)
latrogenic 0.07 0.5
lameness
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Table 2. Continued

Incidence of spontaneous disease in laboratory mice

Incidence rate (CPM)
95% % of
confidence clinical
Facility A Facility B Facility C Facility D Overall interval cases
Neurologic Head tilt 029+£0.04  0.20-0.38 2.1
disease (0.00-0.57)
Paresis, paralysis 0.18 +£0.02 0.14-0.22 1.3
(0.03-0.27)
Hydrocephalus 0.17+£0.03 0.11-0.23 1.2
(0.03-0.40)
Ataxia 0.05 <1
Male urogenital Prolapsed penis 0.20+£0.03 0.13-0.27 15
diseases (0.03-0.36)
Preputial gland disease 0.12+0.02  0.07-0.17 <1
(0.00-0.30)
Miscellaneous Secondary 0.28+0.10  0.07-0.49 2.0
Enterobacter (0.00-1.11)
infections in
immunosuppressed
mice
Distended abdomen, 0.15+£0.02 0.10-0.20 1.1
ascites (0.04-0.37)
Lame 0.14+£0.04 0.05-0.23 1.1
(0.00-0.27)
Abscesses 0.07 <1
(not involving the
preputial gland)
Perineal hernia 0.06 <1
or scrotal
disease
Respiratory disease 0.05 <1

Data are presented as mean + SE (range). Diseases reported more than 120 times were analyzed by both facility and month. Diseases reported
between 40 and 120 times were analyzed by month, with all of the facilities pooled. Diseases reported fewer than 40 times were analyzed as cases

during the year by total number of cages in all 4 facilities.

During the year, a colony of immunosuppressed mice in
facility C developed a series of bacterial infections that resulted
in secondary Enterobacter spp. infections. Because of their re-
peated nature, these infections were considered a separate
disease from other bacteria-related diseases.

Seven viral or parasitic outbreaks were identified during the
year of analysis. Further analysis of each of these outbreaks
indicated that fewer than 5% of cages within each affected room
were positive for the infectious agent. Outbreak eradication ef-
forts included testing and culling of mice with viral infections
and medical treatment for parasite-affected mice. In view of
this low rate of infection, it is unsurprising that examination
of the disease rates indicated no changes in the noninfectious
diseases present in the room either before or after treatment or
resolution of the infectious agent.

The rate of animal deaths in adult mice was similar among
all 4 facilities. The rate of neonatal mice found dead in facility
A was twice as high as the average in the other facilities. The
overall rate of mice reported as sick was highest in facility D,
which had twice the incidence rate of nonspecific diseases,
dermatitis, and fight wounds compared with the overall disease
incidence and 3 times the overall incidence rate of eye lesions
and tumors. Statistical analysis revealed no significant seasonal
affects in any of the reported diseases (Table 4).

Discussion

This investigation was undertaken to provide a current
appraisal of spontaneous diseases of mice in a contemporary
biomedical research setting and to provide a basis for compari-
son with similar large institutions to evaluate the incidence rate
of mouse spontaneous disease at their institution. Our large het-
erogeneous population of mouse models provided an excellent
opportunity to study the epidemiology of spontaneous disease
in mice used in biomedical research. Despite significant im-
provements in animal husbandry and infectious disease control
since the 1980s,'93 the current investigation suggests that one
of the most important areas for improvement in mice used in
biomedical research is the identification of sick mice. Ultimately,
the recognition of mice that are systemically ill at an early stage
of the disease is an area to target for continued improvement in
biomedical research involving mouse models.

Spontaneous mortality in adult and neonatal mice without
prior reported illness was the most commonly reported issue.
Despite being checked daily, we theorize that there are 3 main
reasons why the recognition of sick mice is challenging in a re-
search setting. First, mice as a species are nocturnal but routinely
are checked by staff during the workday; typically, the mice
are huddled together and sleeping, masking potential clinical
signs of disease, such as muscle wasting, skin and eye lesions,
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Table 3. Incidence rate (no. of cases per 5000 mice per month; mean + SE) for each disease

95%
Confidence
Facility A Facility B Facility C Facility D Overall interval
Nonspecific Spontaneous mortality ~ 50.35 + 0.88 30.78 £2.37 4510+ 1.77 54.06 +2.41 4582+1.00  43.62-48.02
systemic diseases with unknown (46.11-56.18)  (19.62-44.48)  (35.76-57.23)  (40.48-66.52)  (40.81-53.47)
causeadults
Spontaneous 66.46 +5.10 425+1.16 291+0.49 30.41+5.18 29.93 +2.00 25.53-34.33
mortality (35.90-85.64) (0.65-14.10) (0.19-5.52) (5.11-58.76)  (19.30-40.69)
with unknown
cause
pups
Lethargy, 2.87 £0.43 0.62+0.21 1.60 £0.27 5.86 £ 0.59 2.51+0.23 2.00-3.02
poor haircoat, etc (1.34-7.29) (0.00-2.44) (0.20-2.94) (3.00-9.85) (1.70-4.66)
Muscle wasting 1.21+£0.15 0.31£0.11 1.26 £0.19 3.13+0.55 1.34+£0.15 1.01-1.67
(0.37-2.44) (0.00-1.25) (0.20-2.58) (0.93-7.57) (0.61-2.16)
Moribund 0.41+0.05 0.29-0.53
(0.17-0.74)
Dermatitis All anatomic locations 4.19+0.30 3.37+0.36 3.18+£0.34 14.65+1.17 5.24+0.22 4.76-5.72
(2.39-5.54) (0.97-5.73) (0.92-5.15) (9.13-20.92) (4.34-6.78)
Ulcerative 2.36+0.22 2.19+0.26 1.36 £0.21 7.57 £0.97 2.78+0.15 2.46-3.10
dermatitis (0.92-3.54) (0.97-4.05) (0.37-2.56)  (2.61-14.24)  (1.98-3.90)
and dermatitis
of dorsal neck
and pinnas
Face, muzzle, 0.84+0.12 0.38 £0.10 0.47£0.12 2.53+0.39 0.88 £ 0.06 0.74-1.02
and nose (0.31-1.40) (0.00-1.30) (0.00-1.10) (0.93-5.52) (0.51-1.42)
Back and flanks 0.35+0.11 0.29-0.12 0.49-0.10 2.00+0.32 0.62 £ 0.06 0.50-0.74
(0.00-1.39) (0.00-1.01) (0.18-1.24) (0.00-3.55) (0.29-0.92)
Hindlimbs 0.28 +0.03 0.21-0.35
@ (0.11-0.43)
Ventral neck 0.20+0.03 0.13-0.27
(0.00-0.34)
Base of tail and tail 0.19+0.04 0.09-0.29
(0.00-0.43)
Fight Wounds Fight wounds 3.68 £0.25 2.35+0.30 2.10+£0.28 7.76 £0.95 3.54+0.11 3.29-3.79
(2.33-5.65)  (0.33-4.07)  (0.55-3.85)  (2.52-13.36)  (2.80-4.24)
Ocular lesions Eye 1.22+0.24 0.60+0.14 1.59 £0.47 7.64+0.81 2.16+0.24 1.64-2.68
(0.17-3.08) (0.00-2.44) (0.18-5.15) (3.79-12.51) (1.24-3.45)
Female reproductive Dystocia 1.34+0.15 0.08 £ 0.06 0.31+0.09 0.92+0.16 0.73+£0.06 0.59-0.87
and neonatal diseases (0.50-2.50) (0.00-0.68) (0.00-0.92) (0.00-2.25) (0.41-1.14)
Neonates 143 £0.15 0.22£0.07 0.22 +£0.05 1.22+0.21 0.80 £ 0.04 0.71-0.89
with clinical (0.50-2.15) (0.00-0.68) (0.00-0.55) (0.38-2.77) (0.34-0.62)
disease
Prolapsed vagina 0.24 +0.05 0.12-0.35
or uterus (0.06-0.67)
Tumors Tumors 1.19+£0.19 0.66 £0.14 1.01£0.24 498 £0.85 1.59 £0.15 1.25-1.93
(0.31-2.56)  (0.00-1.33)  (0.20-3.13)  (1.74-10.24)  (0.80-2.44)
Malocclusion Malocclusion 0.58 £0.09 0.26 £0.09 1.92+0.34 1.57 £0.30 1.10£0.10 0.88-1.32
(0.15-1.06) (0.00-1.41) (0.74-5.34) (0.00-3.15) (0.74-2.10)
Prolapsed rectum Prolapsed rectum 1.17£0.12 0.33+£0.12 0.58 £0.10 1.66 £0.26 0.91£0.07 0.76-1.06
(045-1.69)  (0.00-141)  (0.18-1.35)  (0.00-2.77)  (0.57-1.40)
Iatrogenic disease Watering failure 0.38+0.06 0.25-0.41
(0.06-0.74)
latrogenic lameness 0.07
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Table 3. Continued

Incidence of spontaneous disease in laboratory mice

95%
Confidence
Facility A Facility B Facility C Facility D Overall interval
Neurologic disease Head tilt 0.49£0.08 0.32-0.66
(0.00-0.96)
Paresis, paralysis 0.30+0.03 0.22-0.38
(0.06-0.46)
Hydrocephalus 0.29 +0.05 0.19-0.39
(0.06-0.68)
Ataxia 0.11
Male urogenital diseases Prolapsed penis 0.34£0.06 0.22-0.46
(0.06-0.61)
Preputial gland disease 0.20 £0.04 0.11-0.29
(0.00-0.51)
Miscellaneous Secondary Enterobacter 0.47 +0.18 0.08-0.86
infections in (0.00-1.88)
immunosuppressed mice
Distended abdomen, 0.25+0.04 0.15-0.35
ascites (0.06-0.63)
Lame 0.24 +0.04 0.16-0.32
(0.00-0.45)
Abscesses (not involving 0.14
the preputial gland)
Perineal hernia 0.13
or scrotal disease
Respiratory disease 0.11

Diseases reported more than 120 times were analyzed by both facility and month. Diseases reported between 40 and 120 times were analyzed by
month, with all of the facilities pooled. Diseases reported fewer than 40 times were analyzed as cases during the year by total number of mice

in all 4 facilities.

and lethargy. Mice may only be readily identified as being ill
if they are separated from their cage mates, which is usually a
sign of advanced disease. Second, mice are a prey species and,
as with other prey species, will remain alert and active to avoid
predation despite being ill until the disease has progressed to
an advanced state.l® Last, mice have a high metabolic rate;
therefore, disease progression can be more rapid than that in
other, larger species, perhaps further narrowing the window of
detection for sick mice prior to their demise and death.®** In
the current investigation, 78 mice were identified as moribund,
which enabled euthanasia and alleviation of potential suffer-
ing, and helps to demonstrate how little time mice spend in
this advanced diseased state. Potential solutions to aid in the
recognition of sick mice, including activity monitoring and the
examination of mice during the dark cycle of their circadian
rhythm, are fraught with their own challenges of finances to
incorporate equipment and personnel to check mice at night.
In addition, checks during the dark cycle could have a high risk
of negatively affecting experimental studies.

Mice that were reported with nonspecific lesions (dehy-
dration, lethargy, muscle wasting, poor hair coat, and so on)
were another common finding in this study. There are myriad
common clinical diseases that are difficult to diagnose in mice
until they have reached an advanced stage with overt adverse
effects on the mice. These include renal disease (amyloidosis,
glomerular disease, chronic progressive nephropathy), cardiac
disease (atrial thrombosis), nonpalpable tumors (bone marrow,
thoracic cavity tumors, hematopoietic neoplasia), and diseases
of the oral cavity (foreign-body periodontitis).>20232534 Even

with the aid of a diagnostic necropsy, approximately 20% of
mice found dead during toxicologic studies did not have a
cause of death identifiable by necropsy, demonstrating the great
difficulty in antemortem diagnosis of diseases in mice used in
biomedical research.3* As the value of mice in biomedical re-
search increases, these results demonstrate a need for improved
diagnostics in mice.

Maternal reproductive disease, including both clinical dis-
ease, such as dystocia and vaginal prolapse, and subclinical
disease, such as poor milk production, will result in compro-
mised maternal care and an increased likelihood of illness or
death of pups. Because we counted pups individually, the death

Table 4. Incidence (CPM; mean * SE) of clinical diseases by season for
diseases occurring at rates higher than 0.50 CPM over the year

Disease Spring Summer Fall Winter

270+£0.09 341+£034 3.04%£039 3.01+0.16
Eye cases 099+£030 1.39£032 1.55%£038 1.20+0.09
Fight wounds 2.27+0.04 1.82%0.08 223+0.13 2.04+0.05
Tumors 082+£0.13 1.04+£016 097+025 0.93+0.26
Malocclusion  0.64+£0.08 0.79+0.23 0.63+0.04 0.53+0.08

053+0.01 059+£0.07 056+015 0.47+0.07

Dermatitis

Prolapsed
rectum

Seasons were defined as Spring: March, April, and May; Summer: June,
July, and August; Fall: September, October, and November; Winter:
December, January, and February.

No significant seasonal effects were detected.
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of an entire litter due to maternal disease quickly inflated the
number of deaths of neonatal mice. The identification of sick
mouse pups was relatively rare compared with finding the
mouse pups dead; as with adult mice, recognizing sick neo-
natal mouse pups is difficult. Early inspection and handling
of mouse pups is very stressful for them and the dam, often
leading to decreased reproductive performance, and perhaps
cannibalism, and prompting recommendations discouraging
close inspection of newborn mouse pups.?*?® In addition, as
with adults, the window of time when pups can be identified as
ill before they die may be very narrow, further minimizing our
ability to aid these neonates. Another factor affecting the rate
of neonatal deaths is the ‘expected” mortality within a litter. In
litter-bearing animals, it is accepted that a percentage of the litter
will not survive to weaning. For example, preweaning mortality
is reported to range between 10% and 30% in dogs and 7% and
20% in swine.” In mice, this proportion varies by strain and
genetic manipulation of the mice and usually is a factor in the
fecundity data of mouse strains. Reasonable estimates of the rate
of preweaning mortality in mice range between 5% and 20%.1°
As with adults, the identification of sick neonatal animals to
provide treatment or intervention by euthanasia is an important
area for improvement in biomedical research.

Like that in other species,! dermatitis was the clinical con-
dition most often identified in the current investigation, with
the main anatomic location being the dorsal neck and pinnae,
consistent with C57B1/6 ulcerative dermatitis.”11173? Interest-
ingly, cases of ulcerative dermatitis accounted for only 53%
of dermatitis cases in mice, indicating that there were many
other cases of dermatitis that affected other body sites. The
incidence of dermatitis within a cage was much higher when a
first case was already present. The current investigation could
not identify whether this correlation was due to genetic factors
predisposing identical mice to dermatitis; environmental fac-
tors, which would be similar to all of the mice within a cage;
opportunistic infectious agents not excluded from modern
research facilities; or a combination of these factors. The high
incidence and clinical significance of dermatitis continues to
emphasize the important goal of identification of underlying
pathology and efficacious treatments for laboratory mouse
care 111739

The presence of iatrogenic diseases in any facility can be
particularly troublesome, because they potentially can be
eliminated or greatly reduced through improved animal care
procedures and training. The vast majority of watering fail-
ures occurred in facility A, which is the only facility using an
automatic watering system. Although automatic watering has
many long-term advantages to a facility in terms of husbandry
costs and potentially diminished chance of ergonomic injuries
to staff, there is also the risk of uncontrolled water flow into a
cage, potentially completely flooding that cage and those below
it. The use of bottled water sources greatly limits the potential
injury to mice within a cage. Ultimately, a critical comparison
between automatic watering and water bottles will reveal the
optimal watering method for a facility.

Our current investigation found that neurologic disease and
lameness in mice were rare. This finding contrasts with the re-
sults of a previous study,? which reported that clinical evidence
of osteoarthritis in elderly mice was common. This difference
likely is due to the respective populations, with the disease being
more prevalent in the aged population in the cited study.

Mice are predisposed to rectal prolapse due to the small
amount of connective tissue providing support to the rectum.?
Diseases resulting in colitis and straining to defecate may lead

to prolapse of the rectum. Infections with Citrobacter rodentium
and Helicobacter spp. historically have been associated with
rectal prolapse in mice. Although C. rodentium has essentially
been eradicated from research facilities, Helicobacter spp. are still
present in many facilities, including the institution in the cur-
rent investigation, and may contribute to this condition.2 One
interesting factor is that in the current investigation, diarrhea in
mice was reported very rarely, leading to the finding that colitis
and rectal prolapse may not be linked closely with diarrhea in
this species.

Although none of the facilities were dedicated for a specific
type of research, there are obvious differences between the
disease incidence rates between the facilities. Facility D, the
largest conventional facility in this study, had significantly
more cases reported for several diseases, including dermatitis,
ocular disease, tumors, and lethargy, than did the other 3 facili-
ties. In comparison, facility A had the highest rate of neonatal
mortality. We eliminated systematic differences in the environ-
mental conditions between the facilities as possible causes of
these differences, because all of the facilities were maintained
according to the guidelines of the Guide for the Care and Use of
Laboratory Animals'* and institutional policies. Other potential
explanations for this increased reporting level include an aged
population, phenotypic manifestations that were unexpected,
immunosuppression inherent to the genetic background, and
exposure to undesirable pathogenic agents due to differences in
biosecurity between barrier and conventional facilities within
each facility. Facility D was the largest conventional facility on
campus, having fewer biosecurity practices than do the barrier
facilities and allowing removal of mice from the vivarium fol-
lowed by subsequent return. Barrier housing has been shown
to be important in the maintenance of immunocompromised
mice,>*%2 but little work has examined its role in the preven-
tion of spontaneous diseases in immunocompetent mice. Our
data suggest this question warrants further investigation. The
increased rate of neonatal death in facility A was due to the
large population of breeding animals in the studies housed in
this facility relative to the other facilities.

During the year, 7 outbreaks of viral or parasitic diseases were
identified. Analysis of the reported diseases in these rooms did not
reveal any trends in disease either before diagnosis of the out-
break or after the treatment or culling of affected animals. This
result is not surprising, because many of the tested infectious
agents only infrequently cause illness in immunocompetent
mice.?® Although seasonal trends of disease are reported anec-
dotally by individual research groups, no significant seasonal
trends were identified with any of the common diseases ana-
lyzed. Again, this outcome is not surprising, because laboratory
animal professionals go to great lengths to maintain a stable
environment with constant photoperiods that is optimal for the
health of rodents in their vivaria.

Most sentinel monitoring programs are designed to detect
only infectious diseases, intentionally exposing the animals
to soiled bedding from colony cages and requiring that the
sentinels are euthanized when younger than 1y, while their im-
mune systems are maximally active. The profound differences
in infectious disease exposure and lifespan of sentinel animals
(despite similar food, water, and caging) provide little informa-
tion concerning the routine husbandry that the experimental
animals receive. We have discussed the cost-benefit ratio of the
possible use of ‘survival sentinels’ to look further into the inci-
dence rate of spontaneous diseases in mice. If survival sentinels
were to be used, we would house additional sentinel animals of
a strain with extensive 24-mo survival and disease predilection
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data. Survival sentinels would be exposed to the same animal
husbandry practices as those of the research mice. The disease
incidence, survival rates, and causes of death among the sentinels
could then be compared with published data for that particular
mouse strain, thus providing information concerning the effects
of husbandry and housing practices of the mice in the research
facilities. Over time, the use of survival sentinels also could
provide information regarding effects of barrier compared with
conventional housing, ventilated racks compared with static
filtered caging, water treatment systems, and food on mouse
health. This option remains under discussion.

The disease rates from the current study can be compared
with surveys of disease incidence at other similar institutions
to determine husbandry and clinical treatment programs that
optimize the care of mice in biomedical research. The data from
this study suggest that the early recognition of mice with clinical
disease is one of the most important challenges for our field. The
early recognition of disease, both in adults and neonates, would
provide increased opportunity for either early intervention and
treatment or euthanasia of sick animals. It will be important in
the future to periodically revisit this topic as the practices in the
use, care, and husbandry of mice continues to evolve over time.
The rates of common diseases can be affected by housing density,
enrichment, and basic husbandry. As these factors change, along
with the identification and eradication of as-yet unidentified viral
and bacterial pathogens, it is reasonable to expect the prevalence
of diseases in biomedical research to change as well.
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