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Progression of Ulcerative Dermatitis Lesions
in C57BL/6Crl Mice and the Development of a
Scoring System for Dermatitis Lesions

Anna L Hampton,"" Gerald A Hish,' Muhammad N Aslam,? Edward D Rothman,® Ingrid L Bergin,' Kathleen A Patterson,’
Madhav Naik,? Tejaswi Paruchuri,? James Varani,> and Howard G Rush!

Ulcerative dermatitis (UD) is a common, spontaneous condition in mice with a C57BL/6 background. Although initial
lesions may be mild, UD is a progressive disease that often results in ulcerations or debilitating fibrotic contractures. In
addition, lesions typically are unresponsive to treatment. Euthanasia is often warranted in severe cases, thereby affecting
study outcomes through the loss of research subjects. Because the clinical assessment of UD can be subjective, a quantitative
scoring method and documentation of the likely time-frame of progression may be helpful in predicting when animals that
develop dermatitis should be removed from a study. Such a system may also be helpful in quantitatively assessing success
of various treatment strategies and be valuable to clinical laboratory animal veterinarians. In this 1.5-y, prospective cohort
study, we followed 200 mice to monitor the development and course of UD. Mice were examined every 2 wk. A clinical sign
(alopecia, pruritus, or peripheral lymphadenopathy) was not identified that predicted development of UD lesions in the
subsequent 2-wk period. Once UD developed, pruritus, the character of the lesion (single or multiple crust, coalescing crust,
erosion, or ulceration), and the size of the lesion were the only parameters that changed (increased) over the course of the
disease. Pruritus was a factor in the rapid progression of UD lesions. We used these findings to develop a quantitative scoring
system for the severity of UD. This enhanced understanding of the progression of UD and the quantitative scoring system

will enhance the monitoring of UD.

Abbreviations: UD, ulcerative dermatitis; S number, scratching number; COL, character of lesions.

Ulcerative dermatitis (UD) is an idiopathic, spontaneous,
debilitating syndrome of laboratory mice that is typically a
disease of aged!194346 C57BL /6 mice or genetically engineered
mice on a C57BL/6 background."19434 Some reports discuss
a similar condition in young, weanling mice that presents
initially as alopecia.2442444> Prevalence rates of UD between
4.1% to 21% have been reported."*!° Although no etiology has
been identified, environmental factors,619414244 djet 529414246
season, 9414344 age at weaning 2 alopecia, 24424445 gex, 19394143
immune complex vasculitis,! follicular dysplasia,* lesion loca-
tion, 2’ and deficiencies in vitamin A metabolism#* have all been
implicated as predisposing factors for disease development. In
addition, oronasal pain and chronic inflammation may lead to
self-mutilation as a result of, initiating an “itch” response.’ UD
is diagnosed by ruling out other causes of dermatitis in labora-
tory mice, such as fur mites,’ infections, fight wounds,'” strain
phenotype, 153404 and experimentally induced dermatitis.**
Other diagnostic criteria are based on professional judgment
and may include strain (C57BL/6 background),''*#* lesion
location (head and dorsal thorax), %4344 intense pruritus, 194
peripheral lymphadenopathy,1%% and failure to respond to
treatment.!® The rapid progression of UD lesions results in
significant morbidity in laboratory mice.>1%4 Typically, the
lesions progress to large, irregularly shaped, confluent ulcera-
tions on the dorsal cervical and thoracic region.1%3%44 As the

Received: 08 Sep 2011. Revision requested: 14 Oct 2011. Accepted: 29 Mar 2012.

Unit for Laboratory Animal Medicine and *Department of Pathology, Medical School,

and 3Department of Statistics, University of Michigan, Ann Arbor, Michigan.
“Corresponding author. Email: Anna.L.Hampton@gmail.com

lesions heal, contracted scar tissue forms, which can impair
species-typical behaviors and mobility. 344344 The presence
of large dermal ulcerations or debilitating contractures affect
animal welfare and typically necessitate euthanasia of affected
mice. Although reports on the later stages of UD have been
consistent, 1939414344 information on the initiation and pro-
gression of UD lesions is conflicting. Pruritus,!** pain,!* and
genetic predisposition'194344 have been implicated as initia-
tors of the disease. Alopecia, pruritus, erythema, and single or
multiple(s) crust have all been reported as early signs of the
disease.193942-44 However, the majority of this information has
been collected retrospectively, at timed necropsies, or based on
anecdotal reports.

Scoring systems are useful tools to evaluate clinical diseases
in laboratory animals. For example, scoring systems have been
published for tumors,'#? body condition,'*?4” and neurologic
phenotype'3 in mice to aid in assessment of clinical disease
severity. Even though the progressive and severe nature of
UD typically warrants eventual euthanasia, determining the
severity of disease has typically been based on professional
judgment,'* subjective scoring, 2151940434849 o1 postmortem
histology.#044 A quantitative scoring system for UD in live mice
hasnot been described and could greatly aid laboratory animal
veterinarians and researchers in determining the severity of the
disease and response to treatment.

The purpose of the current study is to investigate clinical
parameters that reflect the progression of UD to facilitate man-
agement and veterinary care of mice with UD. We followed
200 mice from 3 wk of age until the development of UD to
determine the initial signs and progression of UD lesions. We
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hypothesized that mice will first develop signs of pruritus prior
to any clinical lesion. From there, we predicted that clinical
lesions will progress stepwise though the following stages of
severity, with or without alopecia: (1) excoriations; (2) a single,
small punctuate crust; (3) multiple, small punctuate crusts; (4)
coalescing crust; (5) erosion; and (6) ulceration. In addition,
we hypothesized that a quantitative, validated, and reliable
UD scoring system can be created that is based on physical
examination parameters that do, in fact, predict development
and progression of UD. Having a more thorough understanding
of the initiation and progression of ulcerative lesions likely will
enhance our ability to predict the outcome for a given mouse
and develop earlier end-points for that mouse. Furthermore,
use of this scoring system will enable accurate monitoring of
UD lesions.

Materials and Methods

Animals. Male (n = 100) and female (n = 100) C57BL/6Crl
mice (age 3 wk; Charles River Laboratories, Portage, MI) were
used. These mice were part of a long-term study examining the
chronic effects of diet and a nutritional supplement on multiple
organ systems.>? For the collaborative study, mice were divided
randomly into 4 diet groups consisting of 25 male and 25 female
mice per diet. The diet groups were as follows: (1) AIN76A ro-
dent chow diet; (2) AIN76A supplemented with the mineral-rich
nutritional supplement; (3) a high-fat, Western-style diet; and (4)
a high-fat, Western-style diet with the mineral-rich supplement.
AIN76A is a routinely used, certified, low-fat rodent diet. The
analysis of the AIN76A diet has been published elsewhere 3134 The
high-fat, Western-style diet is derived from AIN76A; however,
it has several modifications designed to mimic the diet con-
sumed by many persons in Western society.?23%38 The high-fat
Western-style diet was formulated as described previously.2627
Diets were formulated and provided by Research Diets (New
Brunswick, NJ).

In light of our collaborators” experimental requirements, 2
time points were established. Mice were euthanized at 13 mo of
age (40 male and 40 female) and 19 mo of age (60 male and 60
female). This study was ideal to look at the development of UD
over time because 120 C57BL/6Crl mice would have a chronic
time-point of 19 mo of age (1.6 y), thus allowing longitudinal
examination of study mice from 3 wk of age until 1.6 y of age
or death.

Mice were housed in same-sex groups (5 mice per cage) in
static polycarbonate shoebox-type cages with filter tops (Al-
lentown, Allentown, NJ) and 1/8-in. corn cob bedding (Bed
O’Cobs, The Andersons, Maumee, OH). Cages were changed
weekly in a laminar-flow changing station (NuAire, Plymouth,
MN). Animal caretakers wore gloves, sprayed the laminar-flow
hood with Clidox (Pharmacal Research Laboratories Naugatuck,
CT), and dipped their gloves in Spore-Klenz (Steris Corpora-
tion Life Sciences Group Mentor, OH) between cage changes.
Soiled cages were sanitized in a mechanical tunnel washer with
a final rinse temperature of 180 °F. Cages and bedding were not
sterilized. The room was kept on a 12:12-h light:dark cycle. The
room temperature and humidity were maintained at 72 + 4 °F
(22.2 £ 2.2 °C) and 30% to 70%, respectively. Food and 5-um-
filtered tap water from a glass water bottle was provided ad
libidum. Mice were housed in an AAALAC-accredited facility,
in compliance with the Public Health Service Policy on Humane
Care and Use of Laboratory Animals? and the Guide for the Care
and Use of Laboratory Animals.'® All procedures were approved
by the IACUC.

Progression and scoring of ulcerative dermatitis

Sentinel mice were used to monitor the health status of our
experimental animals. Quarterly, three 5-wk-old CD1 female
mice were directly exposed to dirty bedding collected from
all colony animals during each weekly cage change. Sentinel
mice were exposed to dirty bedding for 6 wk and held for
an additional 2 wk after the last dirty bedding was added to
their cage. Sentinel mice were euthanized by using CO,, and
blood was collected. Serologic analysis for viral antibodies
was performed via inhouse ELISA. Direct cecal evaluations
were performed to identify any potential pinworm infections.
The maximal number of cages per sentinel animal was 19;
however, this number decreased throughout the experiment.
At the time of this study, all mice were free from pinworms,
minute virus of mice, mouse parvovirus, epizootic diarrhea of
infant mice, Ectromelia virus, sendai virus, pneumonia virus of
mice, mouse poliovirus (Theiler meningoencephalitis virus),
reovirus 3, Mycoplasma pulmonis, lymphocytic choriomeningitis
virus, murine adenovirus, and polyoma virus. Sentinel animals
at this facility are not routinely screened for Helicobacter spp.
and murine norovirus. All sentinel mice and a single colony
mouse per box (20%), chosen at random, were examined for
fur mites prior to scheduled euthanasia. A small amount of hair
was plucked from 5 different locations (interscapular, sacral,
abdomen, and both axillary regions). The hair was placed in
mineral oil, and a cover slip was applied. Slides were examined
by light microscopy for the presence of fur mites or eggs. All
fur mite examinations were negative. Mouse hepatitis virus was
identified in one cage of sentinel animals once during month
8. One colony mouse per cage (20%) was serologically tested.
Only 1 of the 40 cages was seropositive by inhouse ELISA and
confirmed on IFA and MFIA (Charles River Animal Diagnostic
Service, Wilmington, MO). The positive cage was immediately
placed in a separate, quarantined room. These mice did not
develop dermatitis and were not included in our data set.
Mouse hepatitis virus was not detected on subsequent quarterly
evaluations in any other mice.

Progression. Antemortem monitoring and physical examina-
tions. All mice were given a physical examination 1 d after
arrival and every 2 wk until euthanasia. In addition, all mice,
except for one that died spontaneously, were given a physical
examination within 24 h of euthanasia. Data collected during
examination included careful evaluation of skin for lesions
and palpation of submandibular, brachial, and axillary lymph
nodes. In addition, mice were evaluated for pruritus by visual
examination. For this, the number of scratching bouts over
a 2-min period was recorded. A scratching bout consisted of
rapid movement of the forelimb, hind limb, or teeth with skin
contact. A scratching bout ended when the limb made contact
with the ground or the head was extended away from the skin.
Another scratching bout started when the limb or mouth again
contacted the skin. Pruritus exams were conducted with the
filter top removed, under the laminar flow hood after a brief
initial examination to wake the mouse up. A scratching bout
in any location was counted as one scratch. The final number
of scratching bouts was recorded. Normal grooming behaviors
were not recorded as scratching.

UD was diagnosed based on lesion location (thorax, neck,
and head) and characteristic crusting or ulcerated appearance.
All study mice and sentinel mice were negative for fur mites,
and all mice remained with cagemates after weaning through-
out the experiment to minimize fighting. When a UD lesion
was identified, the region of the lesion (Figure 1), character of
lesion, size of the lesion (estimated body surface area” affected
by the lesion), presence of discharge and character, peripheral
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Figure 1. Lesion regions. Region 1: the head cranial to the medial
pinna attachment and/or lesions affecting the mandible cranial to the
sternum. Region 2: inner and outer pinna, dorsal cervical region cau-
dal to the medial pinna attachment, dorsal and ventral thorax, and
thoracic limbs. Region 3: any region caudal to the ribcage.

lymphadenopathy, and presence of alopecia at the lesion or
elsewhere on the mouse were recorded and analyzed. To help
quantify size and avoid ‘over-scoring’ of mice that had multiple
small focal lesions, we chose 3 region categories that were easy
to distinguish (Figure 1). The regions were: (1) the head cranial
to the medial pinna attachment and lesions affecting the mandi-
ble cranial to the sternum; (2) the inner and outer pinna, dorsal
cervical region caudal to the medial pinna attachment, dorsal
and ventral thorax, and thoracic limbs; (3) any region caudal to
the ribcage. The character of the lesion was categorized accord-
ing to increasing severity, as follows: (1) excoriations only; (2) a
single, small (diameter, 2 mm or less) punctuate crust with or
without excoriations and with the epithelial layer visually intact;
(3) multiple, small punctuate crusts with or without excoriations
and with the epithelial layer visually intact; (4) coalescing crust
(diameter, greater than 2 mm) with or without excoriation and
the epithelial layer visually intact; (5) erosion with the first
layer of skin gone but the dermis visually intact; (6) ulceration
with the dermal layer affected but not extending into subcutis.
Topical treatment was not used so that the natural progression
of the disease could be monitored. Mice with skin lesions or
other clinical issues were examined by a clinical veterinarian,
who recommended euthanasia based on his or her professional
judgment. Mice were euthanized by CO, inhalation.
Postmortem examination. Mice that did not die spontaneously
were euthanized with CO,, and all mice were examined under
a focal light for dermal lesions. When a lesion was present, its
location, character, size (estimated surface area and direct meas-
urements of the lesion), and other attributes were recorded. All
peripheral lymph nodes (submandibular, axillary, and brachial)
associated with draining of the UD lesions were examined
grossly. Skin sections from all mice were collected for histologic
examination, with sections taken from the lesions and adjacent
skin in affected mice and from comparable skin areas (inter-
scapular and dorsal neck) in unaffected mice. Skin sections were

immersion-fixed in 10% neutral buffered formalin, routinely
processed, and stained with hematoxylin and eosin. Slides were
reviewed by a board-certified veterinary pathologist, who was
blinded regarding tissue source, for confirmation of ulcerative
dermatitis. Dermatitis was assessed as mild, moderate, severe,
or marked, and the presence or absence of ulceration was noted.
Inflammatory cells were categorized descriptively. The presence
or absence of bone fide ulceration (full thickness through the epi-
dermis) was noted. Follicles in affected and unaffected skin were
surveyed for abnormal morphology. UD severity criteria were
as follows: mild, focal or few foci with inflammation confined to
the superficial dermis; moderate, multiple foci with inflamma-
tion extending to the deep dermis; severe, regionally extensive
foci with inflammation occasionally extending to the subcutis;
marked, same as for severe but with inflammation extending
to the subcutis through a large portion of the lesion.

The UD scoring system. The scoring system we developed is a
modification of established systems for scoring atopic dermatitis
in humans,?'?” thus generating an objective, easy to interpret,
scoring system that quantifies the severity of UD lesions by
using parameters that increase with disease severity (number of
scratching bouts, lesion character, and lesion size). In addition,
number of scratching bouts, lesion character, and lesion size
represent the symptomatic, intensity, and extent parameters
of UD, respectively (Figures 2 A through D).¥” During the bi-
weekly examinations to assess disease progression, lesion size
was determined by estimating the surface area affected. This
estimate was performed by using a gridded diagram. However,
during testing of the scoring system, interindividual variations
revealed that estimates of surface area affected were unreliable.
To objectively quantify size in the scoring system, maximal
lesion length (in one dimension only) and region(s) affected
(Figure 1) were used. Due to the rapidly progressive nature of
UD, a lesion involving the head is given a higher score than a
comparable one on another region of the body, because of the
increased potential for interference with eating and drinking or
involvement of the eye. The UD scoring system is on a 0 to 100
scale, with 100 being the highest (most severe) score (Figure 2 E).
All 43 mice that developed UD were given a UD score within
24 h of euthanasia or at the first examination when a lesion was
present (examination 1), if the lesion resolved. A Kaplan-Meier
survival analysis of death due to the severity of UD lesions was
performed, to learn whether mice above a threshold UD score
would have a statistically significant likelihood of euthanasia.
The test was based on the log-rank test (Figure 3).18

To access the validity of the UD scoring system, the correlation
of the calculated severity score with ranking of lesion severity
(visual assessment and number of scratching bouts) by labora-
tory animal veterinary professionals was evaluated. During
the course of this study, 43 of 200 mice developed UD lesions.
Each of 25 laboratory animal veterinary professionals ranked
the severity of UD lesions of all 43 affected mice on a mild,
moderate, or severe (end-stage) scale.?! This panel consisted of
8 ACLAM board-certified laboratory animal veterinarians, 10
residents in our laboratory animal medicine training program
(each with greater than 1 y of laboratory animal clinical experi-
ence), and 7 full-time laboratory animal veterinary technicians.
Participants were told the number of scratching bouts and
shown photographs of mice taken at the time their UD score
was calculated. The average severity assigned by these labora-
tory animal veterinary professionals was used to assess the
calculated UD score.

To assess the reproducibility of our UD scoring system, 10
laboratory animal veterinary professionals scored 10 live mice
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None 0
<5 1
5-10 2
> 10 3

* Number of scratches in a 2 minute period.

B  Character of Lesion (corL) Score
No lesion present 0
Excoriations only or one, small 1
punctuate crust (< 2mm)

Multiple, small punctuate crusts or >
coalescing crust (>2mm)
Erosion or ulceration 3

C Length of Lesion** Score
0cm 0
<1lcm 1
lcm-—2cm 2
>?2 cm 8

** Length of lesion is determined by measuring the longest
diameter of the largest lesion identified. This measurement
should involve the lesion only and not cross over clinically
normal skin.

D Regions Affected Score

None 0
Region 2 or 3 1
Region 2 and 3 2

Region 1 +/- other affected regions 3

E Calculated Severity Score

[[A+B+C+D)+12]x 100

Figure 2. Ulcerative dermatitis scoring system. Simplified description
for (A) scratching number, (B) character of lesion, (C) length of lesion,
and (D) regions affected. Scores from A, B, C, and D are used in the (E)
UD scoring system formula to generate the calculated severity score.

with clinical UD. Every participant received a 15-min tutorial on
how to score the number of scratching bouts, lesion character,
and lesion size (length and region involved).

Statistical analysis. Statistical analysis of lesion progression
and the UD scoring system was performed by using SSPS 19
(IBM, Armonk, NY). Statistical analysis of the UD score was
performed by using Pearson product-moment correlation

Progression and scoring of ulcerative dermatitis

Survival Curve

1.01

0.84

0.6

0.4+

Percent Survival

0.2

1

0 2 4 6 8 10

0.0+

Weeks With Ulcerative Dermatitis

Mice with a calculated severity score < 75
Mice with a calculated severity score > 75

Figure 3. Kaplan-Meier survival analysis. Mice with a calculated se-
verity score of 75 or greater eventually developed end-stage UD, ne-
cessitating euthanasia (red line). No mouse with a calculated severity
score less than 75 necessitated early euthanasia due to UD (blue line).

coefficient and Spearman rank correlation, to determine the
correlation between the UD score and professional ranking of
severity (mild, moderate, severe). Agreement was determined
via ANOVA. In addition, a Kaplan-Meier survival analysis
was conducted to examine the validity of our scoring system.
A log-rank test was conducted to determine the cut-off point
of the UD score.!® The statistical analysis of scores assigned by
10 laboratory animal veterinary professionals for 10 mice with
clinical UD that were not associated with the primary study-set
was based on Cronbach a.

Results

Mice. Of the 200 mice in this study, 43 developed clinical UD
during the course of the study, most (37 of 43 mice) of which
were in the 19-mo cohort. The overall incidence in the 200 mice
in the 13-mo time point was 3 of 50 (6%) male and 3 of 50 (6%)
female mice. The overall incidence in the 120 mice in the 19-mo
time point was 16 of 60 (26.7%) male and 21 of 60 (35%) female
mice. The mean time of onset, when all mice in the study were
considered, was 65.7 wk for male mice and 66.8 wk for female
mice; these times were not statistically different between the
sexes (65.7 £ 3.9 wk compared with 66.8 = 2.8 wk; P = 0.8079,
Student ¢ test). The lesions of 9 of 37 (7.5%) mice with a clinical
history of UD in the 19-mo cohort had resolved completely,
with no evidence of disease at necropsy, representing disease
resolution in 6 of 16 male mice (37.5%) and 3 of 21 (14.3%)
female mice. Mice with lesions that resolved completely were
significantly younger than were mice that had UD at euthanasia
(57.9 £ 8.6 wk compared with 72.5 + 1.2 wk; P = 0.0077, Student
t test). Lesions in female mice were less likely to resolve (logistic
regression). Due to the severity of their UD lesions, 23 mice (8
male, 15 female) were euthanized prior to their predetermined
endpoint; 22 of these 23 mice were from the 19-mo cohort, and
their mean age of onset did not statistically differ from the
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overall mean (71.9 + 1.4 wk compared with 65.7 3.9 wk [P =
0.3205] for male mice and 69.8 + 2.3 compared with 66.8 = 2.8
[P =0.4680] for female mice; Student ¢ test).

Mice with UD and clinically unaffected mice were evaluated
histologically. Particular attention was paid to detecting subtle
signs of inflammation, follicular abnormalities (for example,
follicular dysplasia), and vascular lesions in unaffected skin,
because these lesions have been implicated in previous studies
as early indications of ulcerative dermatitis.** Clinically unaf-
fected mice had no histologically evident follicular or vascular
alterations and no increase in dermal inflammatory cells at
later time points. UD lesions were histologically confirmed
and graded as mild, moderate, severe, or marked (Figure 4).
Histologic assessment of UD correlated well with the UD score
(P <0.001; Pearson product-moment correlation coefficient). UD
lesions consisted of variably sized foci of ulceration or serocel-
lular neutrophilic crusting or both. The adjacent epidermis was
hyperplastic, with parakeratotic to orthokeratotic hyperkerato-
sis. Superficial coccoid bacteria consistent with Staphylococccus
spp. were often present in areas of ulceration. Interstitial and
perivascular inflammation within the dermis varied. Inflam-
mation consistently included numerous neutrophils and mast
cells, with varying numbers of macrophages and eosinophils.
Lymphocytes and plasma cells were comparatively rare. Oc-
casional mice had increased plasma cells at the periphery of
lesions. In severely affected mice, inflammation extended into
the underlying subcutis. Some mice had varying degrees of
fibrosis and granulation tissue, but these signs were always
present concurrently with adjacent areas of neutrophilic and
mastocytic inflammation. Follicles were sometimes dilated and
cystic in areas of inflammation, but follicles in adjacent dermis
were normal, without evidence of dysplasia. A perifollicular
inflammatory distribution was not apparent. Vascular lesions
were not present.

Progression. Of the 43 mice with UD, 17 had lesions for only
one examination time point, 16 for 2 examination time points, 7
for 3 examination time points, 2 for 4 examination time points,
and one for 5 examination time points. For statistical analysis,
only data from scheduled examination time points 1, 2, and
3 were used (n = 16 for comparison of exam 1 to 2, n = 7 for
comparison of exam 2 to 3). Scheduled examination time points
were 14 d apart. Adjustment for multiple tests was made by
using Bonferroni adjustment. Overall, lesion character, number
of scratching bouts, and lesion size (surface area) were the only
examination parameters to change significantly over time. These
3 parameters showed a significant positive correlation; as one
increased, the other 2 also increased. Figure 5 shows lesion
progression in one mouse. The number of scratching bouts
tended to increase between examinations 1 and 2 (7.6 to 9.5, P
=0.119, standardized t test) and increased significantly between
examinations 2 and 3 (5.8 to 15.1; P = 0.021, standardized t test).
Lesion character (scale of 0 to 6) significantly increased between
time points 1 and 2 (4.1 to 4.6, P = 0.039, standardized ¢ test).
The lesion character tended to increase between examinations 2
and 3 (5.1 to 5.4; P = 0.135, standardized t test). Although lesion
character increased from the initial score over the course of the
disease, the initial lesion character varied at first detection (ex-
amination 1). At examination 1, of the 43 mice with clinical UD,
2 (4.7%) had a lesion score of 1, 11 (25.6%) had a lesion score of
2,8 (18.6%) had a lesion score of 3, 1 (2.3%) had a lesion score of
4,10 (23.3%) had a lesion score of 5, and 11 (25.6%) had a lesion
score of 6. In addition, the affected surface area (size) increased
significantly between examinations 1 and 2 (3.3% to 7.4%, P <
0.001) and examinations 2 and 3 (7.6% to 15.3%, P = 0.0065). Of

the 43 mice with clinical UD, 24 (55.8%) had lesions affecting
regions 1 and 2, 16 (37.2%) had lesions in region 2 only, 2 (4.7%)
had lesions affecting region 1 only, and 1 (2.3%) had lesions in
regions 1, 2, and 3. No mice had lesions on their limbs. Region
2 (inner and outer pinna, dorsal cervical region caudal to the
medial pinna attachment, and dorsal and ventral thorax) was
affected in 95% of the mice with UD.

Clinical evidence of palpable lymphadenopathy, discharge
at the lesion, and alopecia did not significantly correlate with
dermatitis and did not significantly change over time. Only one
mouse had serous discharge at the site of the lesion. Peripheral
lymphadenopathy was not detected by external palpation at
examination 0 (thatis, 2 wk prior to the development of UD), 1,
or 2 in any affected mouse. The palpated peripheral lymphad-
enopathy and actual lymphadenopathy at necropsy differed
significantly, resulting in a significant (P < 0.001, McNemar
x? test) chance that lymphadenopathy could not be detected
via external palpation. Alopecia did not change significantly
between examination 0 to 1 or examination 1 to 2. In addition,
although 79 (39.5%) of the 200 mice had alopecia at some time
point, only 18 (22.8%) of these 79 mice developed UD, only 9
(11.4%) had alopecia in the area of UD, and only 3 (3.8%) had
alopecia in this area prior to the development of UD.

Scoring system for UD. The panel of 25 laboratory animal
veterinary professionals gave 16 of the 43 mice evaluated an
average ranked severity of mild (37.2%), 15 (34.9%) an average
ranked severity of moderate, and 12 (27.9%) an average ranked
severity of severe (end-stage). The UD score and the average
ranked severity were strongly correlated: as one score increased,
the other also increased. The log-rank test of survival showed
that mice with a UD score of 75 or greater had a significant (P
< 0.01) chance of being euthanized due to the severity of their
UD lesions. No mice with a score less than 75 required early
euthanasia due to UD lesions (Figure 3).

In a separate study set, 10 laboratory animal veterinary
professionals scored 10 mice with clinical UD by using the UD
scoring system. Cronbach o analysis showed that the aver-
age correlation between the 10 individual UD scores for each
mouse was high (0.96), reflecting a high average correlation
between each pair of raters and therefore a reliable measure of
severity by using the UD scoring system. Although some vari-
ability between scores assigned by individual raters was seen
(maximum, 7 points), score agreement for 92% of the raters was
within 2 points.

Discussion

Our first objective in this study was to identify the early
clinical signs of UD and define the progression of this disease.
We did not identify a nondermatitis parameter (sex, alopecia,
pruritus, or peripheral lymphadenopathy) that predicted onset
of UD lesions within a 2-wk period after the assessment. Al-
though female mice have been reported as more prone to UD
development,*¥4143 our findings are consistent with those of
another previous study.?’ However, if dermatitis was grossly
evident at the time of exam, the number of scratching bouts
and lesion character and size (surface area) rapidly increased
with the disease time course, illustrating that disease onset was
sudden and the time course was rapid. The initial character
of the lesion (at the first examination during which UD was
identified) was highly variable. Although the rate of increase
in lesion character was not uniform, this feature did not fluctu-
ate but instead steadily increased in clinical severity unless the
lesion healed (Figure 5). As lesion character increased, lesion
size also increased.
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Progression and scoring of ulcerative dermatitis

Figure 4. The typical histopathologic appearance of a (A) mild and (B) severe UD lesion in this study. (A) Mild ulcerative dermatitis consisted
of relatively limited areas of ulceration (arrow) and inflammation predominantly confined to the epidermis and superficial dermis. (B) Se-
vere ulcerative dermatitis consisted of extensive areas of ulceration (arrows) and inflammation extending into the deep dermis or subcutis
or both. In both cases, although inflammation differed by extent and intensity, it was qualitatively similar (insets) consisting predominantly
of neutrophils within a serocellular crust (insets) and neutrophils, mast cells, and macrophages within the dermis. Hematoxylin and eosin

stain; scale bars, 500 um.

Examination 1 Examination 2 Examination 3

S number =0 S number =1
COL = One, small punctuate crust
BSA=<1%

Length =< 1lcm

BSA=<1%
Length = < 1cm

Region = 2 only Region =2 only

COL = Coalescing crust (>2mm)

S number = 39
COL = Ulcer
BSA = 12%
Length => 2cm

Region =2 only

Calculated Severity Score

25% (mila) 42 % (mild)

Calculated Severity Score

Calculated Severity Score

83% (severe)

Figure 5. One mouse over three 2-wk examination time points. Photograph of the mouse with the examination findings and calculated severity

score as determined by formula in Figure 2E.

Self-trauma appeared to play a role in the progression of
UD. Pruritus could not be demonstrated as a precursor (that
is, pruritus did not occur in the absence of dermatitis), perhaps
reflecting the rapid onset of disease, such that the 2-wk interval
between examinations may have been too long to detect any
correlation that might exist. Pruritus did correlate with severity,
in that some of the more severely affected mice scratched almost
50 times in a 2-min period. In combination with the histologic
appearance, which typically included surface epithelial altera-
tions, this behavior supports self-trauma as an important factor

in disease progression. Scratching is likely to increase wound
severity and delay wound healing. Further support of this
theory comes from the clinical observations that trimming the
nails of rodents with dermatitis promotes lesion resolution. 233

We did not find an association between alopecia and UD;
UD was neither preceded by nor consistently accompanied
by alopecia. Some publications have reported alopecia as an
early manifestation or predictive indicator of UD,%?*42 with
UD occurring as a consequence of a foreign-body reaction to
broken hair follicles.***® In our study, only 3 of 43 mice with
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UD had evidence of alopecia at the lesion site prior to lesion
development. In addition, folliculitis, perifolliculitis, and fol-
licular dysplasia were not evident histologically in unaffected
mice or in skin adjacent to UD lesions. One explanation for this
discrepancy is that these may actually be different dermatoses.
Reports showing a strong correlation of alopecia with UD also
report a young age of onset and a perifollicular distribution,
sometimes with follicular dysplasia 824424445 Studies investigat-
ing UD in aged mice did not report a direct association with
alopecia and UD development.!1943 Although both conditions
may clinically manifest as dermal ulceration, the discrepancy
in age and differing histologic pictures suggest that different
pathogenic mechanisms underlie these disorders. Genetic fac-
tors in substrains of C57BL/6 mice may play a role. A previous
publication citing alopecia and follicular dysplasia in young
(age, 6 to 13 wk) female mice actually used C57BL/6] mice.*
We used C57BL/6Crl mice, and none of the mice younger than
13 mo of age developed lesions, with the majority of lesions
occurring between 13 and 19 mo. In our facility, the majority
of spontaneous clinical cases of UD, apart from those associ-
ated with known fur mite infestation, occur in aged mice with
a C57BL/6 background, and our scoring system is intended to
be applied to this clinical situation.

Our second objective was to create a quantitative scoring
system to assess the severity of UD. This scoring system is based
on 3 parameters identified during physical examination: the
number of scratching bouts, lesion character, and lesion size
(lesion length and region(s) affected) affected. Validation of the
scoring system was achieved through the strong correlation of
the numerical value attained through our scoring system and
the average clinical severity (mild, moderate, severe) as ranked
by 25 laboratory animal veterinary professionals. A subset of
10 laboratory animal veterinary professionals tested the scor-
ing system described. These veterinary professionals scored 10
live mice with UD. This test showed high reliability and high
correlation between the persons using our UD scoring system.
Due to variability between scorers, this high reliability and
correlation does not necessarily attest to agreement of scores
above or below a specified threshold.

The scoring system we developed might be used to moni-
tor the progression of UD, quantify the therapeutic benefits of
treatments, and more accurately determine end-stage disease.
Assessment of end-stage disease in research animals is a com-
mon issue addressed by animal care and use personnel and
IACUC. With regard to UD, some end-stage parameters neces-
sitating early euthanasia are clearly defined, such as any lesions
involving the ocular globe, lesions or contractures which result
in a movement deficit or disorder, and lesions that impede
normal eating, drinking, defecation, or urination. However,
when the distinction is unclear, the use of a standard scoring
system might provide a useful indicator of disease severity. In
our study, we found a particular threshold based on the calcu-
lated severity score was predictive of end-stage UD. Based on
the survival analysis findings, mice with a calculated severity
score of 75 or greater eventually developed end-stage UD,
necessitating euthanasia (Figure 3). Although, in our study, a
UD score of 75 or greater was predictive of end-stage disease;
this value may vary depending on the scorer or the facility’s
goal in monitoring UD. The mice in our study received no treat-
ment for UD, perhaps altering the threshold value. In addition,
despite inherent interindividual variability among scorers, the
calculated severity score threshold of 75 can be used as adjunct
indicator of end-stage disease.

In conclusion, with the ever-increasing number of geneti-
cally engineered mice that have a C57BL/6 background and
the idiopathic and progressive nature of UD, this disease will
continue to be an ongoing concern for laboratory animal vet-
erinary professionals. We have identified no clinical signs that
predict the onset of UD; however, pruritus is a factor in the rapid
progression of UD lesions. The findings of the current study
supported the creation of a validated UD scoring system that
will enhance monitoring of UD and improve animal welfare
with its use as an indicator of end-stage disease.
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