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Case Report

Abdominal Distension and Escherichia coli
Peritonitis in Mice Lacking Myeloid Differentiation
Factor 88

Linda K Johnson,"” Antin YN Widi,"? Serrin Rowarth,® and Alan G Baxter®

Here we describe the gross and microscopic findings of naturally occurring, B-hemolytic Escherichia coli peritonitis in B6.129-
Myd88"14ki male and female mice. Over approximately 5 mo, 10 homozygous mutant mice deficient in myeloid differentiation fac-
tor 88 (C57BL/6 strain; male and female) that had not been used in research protocols developed rapid-onset abdominal swelling
associated with copious viscous ascites. Each mouse developed an anterior peritonitis, primarily involving the parietal peritoneum
and the visceral surface of the spleen, liver, diaphragm, and stomach. Inflammation was confined to the organ surfaces, with no
indication of septicemia or grossly apparent gastrointestinal perforation or other tissue compromise that would initiate peritonitis.
Peritonitis was likely attributable to compromised antibacterial innate immunity; cohoused, similarly immunodeficient littermates
did not develop similar clinical signs. An unusual finding in all cases was mesothelial cell hyperplasia and hypertrophy. Although
the underlying innate immune deficiency accounts for much of the observed pathology, the remarkable mesothelial cell morphol-
ogy and the episodic nature of the peritonitis in some littermates and not others remain unexplained.

Abbreviations: MyD88, myeloid differentiation response 88; TLR, Toll-like receptor.

Mice deficient in myeloid differentiation factor 88 (myD88)
are commonly studied in immunologic research as models of
various diseases, including inflammatory bowel disease and
diabetes.?® MyD88 is a key signal transduction molecule for
most of the Toll-like receptors (TLR) and IL1 family receptors,
initiating cytokine release essential for effective innate immu-
nity."® The loss of this adapter protein impairs production of IL1,
IL6, IL18, macrophage inhibitory proteins 1 and 2, and various
chemokines.'>!* Knockout mutant mice are especially suscep-
tible to gram-negative bacteria, because TLR4, which triggers
signaling through MyD88, mediates responses to LPS.”"” These
immunologic mutants are common in research animal colonies,
but their development of clinical signs and lesions consistent
with Escherichia coli peritonitis, which arose at different times
and affected only some of the immunodeficient mice, was previ-
ously unknown.

Case Reports
Over several months, 3 B6.129-Myd88"4% mice and an ad-
ditional unaffected litter-mate were provided to the diagnostic
laboratory for necropsy. The initial case involved a 19-wk-old
male B6.129-Myd88"™'4% mouse that was removed from the colony
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because of abdominal distension and was euthanized by CO,
inhalation. The mouse weighed 44 g, and approximately 10 mL
of viscous exudative ascites was aspirated at necropsy. The dia-
phragm was thickened by inflammation and firmly adhered to
the capsular surface of the liver and the serosa of the stomach.
There was hepatomegaly and splenomegaly. Gram-stained cytol-
ogy of the ascites identified gram-negative bacilli, and cultures of
the ascites and diaphragm grew B-hemolytic E. coli.

One month after the initial case, animal care staff noted that
a 6-wk-old female B6.129-Myd88"4% mouse had developed ab-
dominal swelling (Figure 1 A). The affected mouse weighed 20.1
g, whereas a mutant littermate control female mouse weighed
17.3 g. Gross necropsy of the affected mouse was similar to the
previous case: 3 mL of copious viscous ascites, hepatospleno-
megaly, and inflammation and adhesions to the diaphragm, liver,
stomach, and spleen (Figure 1 B and C). The total protein concen-
tration of the ascites was 3 g/dL. Bacterial cultures of the ascites
grew B-hemolytic E. coli (Figure 1 D). The mutant, littermate con-
trol female lacked gross or microscopic lesions.

Two weeks later, animal husbandry staff reported another
7-wk-old female B6.129-Myd88"!4% mouse with abdominal dis-
tension. She weighed 35 g and in poor condition, according to
palpation of her lumbar spine and pelvis. Approximately 5 mL
of viscous exudate was aspirated from the abdomen. Bacterial
cultures of the ascites and inflamed tissues grew B-hemolytic E.
coli. Like the other 2 mice, she had hepatosplenomegaly, adher-
ent capsulitis of the liver lobes to the diaphragm, and peritonitis,
primarily associated with the stomach, spleen, pancreas, and an-
terior intestine.
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Figure 1. (A) Swollen abdomen of an affected female MyD88-deficient mouse (a) compared with her MyD88-deficient littermate control (b). (B) Ascites
and liver inflammation in MyD88~/~ mouse. (C) Littermate control liver (left) and MyD88-deficient affected liver (right); inset, viscous ascites (left). Lit-
termate control spleen (left) and affected MyD88~/~ spleen (right). (D) Gram-stained ascites cytology with gram negative bacilli within the cytoplasm
(arrow). (modified gram stain). (E) Mesothelial cell hyperplasia and hypertrophy of stomach serosa . Hematoxylin and eosin stain. (F) Necrotizing

serositis (arrow) and extensive inflammation and thickening of the stomach muscularis. Note that the gastric mucosa is not inflamed. All affected tis-
sues are from case 13-613.
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Mice

MyD88-deficient mice were from the Immunogenetics Research
Facility at James Cook University. The genetic background and
husbandry of these mice had previously been described.’ Founder
B6.129-Myd88"*mice, backcrossed to C57BL/6 mice for 10 gen-
erations, were kindly provided by Dr Shizuo Akira (Osaka Uni-
versity, Osaka, Japan). All mice were bred and maintained under
SPF conditions at the Immunogenetics Research Facility of James
Cook University. The microbial interface is further limited by a
unidirectional operator flow path and shower-in access, a 4-pass
air-filtration system, and advanced drinking water sterilization
and purification. Mouse holding rooms are environmentally con-
trolled, HEPA-filter—ventilated, and maintained at 19 + 1.5 °C and
40% to 50% relative humidity. Mice are housed in static filter-top
microisolation cages (Airlaw, Smithfield, New South Wales, Aus-
tralia). A dirty-bedding sentinel program is in place. Each cage is
visually checked daily, and each mouse is health-checked during
weekly cage-changing. A commercial chow (Specialty Feeds, Glen
Forrest, WA) is y-irradiated for sterilization; sourcing of grain is
restricted to a limited number of farms. The facility is reviewed
regularly by the James Cook University Animal Care and Ethics
Committee, and all research studies must obtain approval.

Complete necropsies, including photos, histopathology and
microbiology, were performed on 1 male mouse (case 13-514), 2
female mice (case 13-613), and 1 other female mouse (case 13-640).
One of the female mice (case 13-613) is a MyD88-deficient litter-
mate mouse control that was cohoused with an affected female.
Mice were not ill at the same time and were not cohoused, except
for the affected and control female mice of case 13-613. Samples
derived from tissues and ascites were cultured on blood agar and
MacConkey agar and then incubated at 37 °C for 24 h. Bacterial
cultures were indole-positive and oxidase-negative, and addition-
al identification from API 20E test strips (bioMérieux Vitek, Ha-
zelwood, MO) confirmed that the bacilli were B-hemolytic E. coli.

Histopathology

In all cases, the abdominal surface of the diaphragm had
skeletal muscle necrosis and extensive pyogranulomatous in-
flammation, including lymphocytes and plasma cells. Limited
inflammation through the muscular membrane to the parietal
pleura was noted microscopically in 2 cases. Inflammation within
the thorax was mild and grossly not visible. The livers had char-
acteristic capsular inflammation, with areas of necrosis, peripher-
al fibrosis, and predominately pyogranulomatous inflammation.
Necrosis and inflammation did not extend to portal or centri-
lobular regions or distend sinusoids within the parenchyma. The
spleens had white-pulp hyperplasia. In all cases, the mesentery
was expanded with edema, fibrin, fibrous tissue, and pyogranu-
lomatous inflammation, including infrequent plasma cells and
lymphocytes.

Histopathology identified mesothelial cell proliferation and
hypertrophy in the cranial abdomen, which corresponded to the
primary area of inflammation (Figure 1 E and 1F). Additional
histologic staining (alcian blue, pH 2.5) was performed to bet-
ter characterize the presumed secretory nature of the prominent
mesothelial cells and demonstrated high-molecular-weight gly-
cosaminoglycan secretion by mesothelial cells from all affected
mice. The tissues from the unaffected, littermate control mouse
had only the thinnest surface coating and often appeared to be
negative for any mucin secretion. In addition, mesothelial cells

E. coli peritonitis in MyD88-deficient mice

lining visceral and parietal surfaces of the distal abdomen had
infrequent, much less, or no hyperplasia or hypertrophy.

Gross and microscopic findings were similar among all mutant
mice. In contrast, the MyD88-deficient, unaffected, littermate con-
trol did not have any gross or microscopic lesions.

Discussion

The heterogenous intestinal microbiota contains an estimated
100 trillion microorganisms.® This commensal bacterial popula-
tion is located within the intestinal lumen and is largely excluded
from the intestinal epithelial cells by the mucus layer. In addition
to the mucus, specialized epithelial and mesenchymal cells of the
intestinal epithelium and lamina propria act as a barrier to bacte-
rial entry into deeper host tissues.**

The microbiota and intestinal epithelial cells communicate via
pattern-recognition receptors, which include the TLR family.**°
Previous studies report that the loss of MyD88 signaling increases
host susceptibility to noninvasive enteric bacterial pathogens.®
Targeted knockout mutation studies of MyD88 restricted to in-
testinal epithelial cells indicate that the loss of MyD88 results in
increased numbers of mucus-associated bacteria; attachment be-
tween bacteria and epithelial cells; modification of the mucus,
including down-regulated expression of antimicrobial peptides
and immunoglobulin receptors; and increased intestinal perme-
ability; these features ultimately lead to increased translocation
of intraintestinal bacteria to extraintestinal host tissues.” Bacterial
translocation is believed to be facilitated by dendritic cells within
the lamina propria that extend processes through epithelial cell
tight junctions to phagocytose intestinal bacteria; these dendrit-
ic cells then migrate to mesenteric lymph nodes where antigen
presentation to T cells occurs."'? A study in humans confirmed
the gut origin of translocating bacteria by examining E. coli DNA
fingerprints and determined that bacterial translocation is more
dependent on the gut epithelial cells than on the virulence prop-
erties of resident enteric bacteria."

Gastrointestinal histopathology of these 3 cases did not identify
intestinal mucosal inflammation or provide any indication of gas-
troenteritis or of colitis. Gastric transmural inflammation (2 cases)
and necrosis (1 case) were present in the region of the pylorus.
The pancreatic and mesenteric lymph nodes were enlarged in
all cases but lacked significant cortical follicular hyperplasia and
inflammation. Gram-stained sections from the 3 cases yielded
few E. coli bacilli. Bacilli were found in areas of necrosis, associ-
ated with the serosal surfaces, or adjacent to hypertrophied and
hyperplastic mesothelial cells, phagocytosed by inflammatory
cells, including mesothelial cells, but were not apparent within
mesenteric lymph nodes or organ parenchyma.

We have been unable to discern why these MyD88-deficient
mice developed B-hemolytic E. coli peritonitis. The anterior ab-
dominal location in each of the mice suggested a similar site and
route for bacterial translocation to anterior abdominal lymph
nodes. The husbandry staff identified affected mice rapidly, prior
to wide bacterial and inflammatory dissemination. Husbandry
staff were unable to recall any incident or conditions that might
have triggered stress in the colony or any reasons for sporadic
distress. A literature search focused on intestinal permeability
or altered intestinal barrier function in MyD88-deficient mice re-
vealed that loss of mucosal barriers may develop without intesti-
nal pathology and can occur even with normal intestinal barrier
function.!*
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The purpose of this report is to describe the gross and histo-
pathologic presentation of these cases of -hemolytic E. coli peri-
tonitis in MyD88 deficient mice. An environmental event that
may have incited this condition was not documented in any of
the occurrences. The similarity of the lesions and the identical
microbiology obtained in the cases warrants alerting researchers
and diagnosticians. Of particular interest are the unusual viscous
ascites and mesothelial cell hyperplasia and hypertrophy associ-
ated with E. coli peritonitis in this immunocompromised mutant
mouse model.
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