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Case Report

Spontaneous Infection Caused by Streptococcus
agalactiae in KK-AY Mice

Tetsufumi Koga,"* Wataru Aoki,? Miki Fujii,> Kiyoshi Satou,' and Yoshinori Ikeda’

During 2006 through 2012, spontaneous group B Streptococcus infections were reported in 22 female KK-A? mice, an ani-
mal model of type 2 diabetes. The affected mice were 5 to 27 wk old, and the cases involved various body sites, including
cases of submandibular, caudal, and lumbar abscesses (1 =18) or led to torticollis (1 = 2), hydrocephalus (n = 1), or moribund
clinical signs (7 = 1). At necropsy, the mouse with hydrocephalus also demonstrated retained exudate in the uterus, and the
moribund mouse showed renal inflammation. Streptococcus agalactiae was isolated in pure culture from all except 2 cases:
the facial abscess also yielded Klebsiella pneumoniae, and the uterine exudate was coinfected with Staphylococcus aureus. In
addition, S. agalactiae was isolated from the oral cavity and feces of normal KK-A? mice. S. agalactiae potentially can cause
a clinically significant spontaneous infection in a mouse model of diabetes.

KK-AY mice, also known as yellow KK obese mice, are widely
used as models for type 2 diabetes. KK mice develop moder-
ate diabetes with mild obesity, but KK-AY mice develop a ma-
ture-onset obesity and diabetes syndrome resulting from the
antagonism of hypothalamic melanocortin receptor 4 due to
ectopic expression of the agouti protein.?*!* KK-AY mice show
severe obesity, hypertriglyceridemia, hyperglycemia, hyperin-
sulinemia, and glucose intolerance by 8 wk of age.®

Group B Streptococcus, also known as Streptococcus agalac-
tiae, is a major cause of neonatal sepsis and infection in preg-
nant women.'? S. agalactine-related illness in healthy women
is extremely uncommon and is almost always associated with
underlying abnormalities, such as diabetes mellitus and im-
mune compromise.® Animal models of diabetes have provided
evidence that hyperglycemia is associated with decreased bacte-
rial clearance of S. agalactiae, possibly contributing to increased
mortality among diabetic animals in sepsis experiments.’* Here
we report a series of spontaneous S. agalactiae infections that
occurred in KK-AY mice and describe the associated clinical,
microbiologic, and histologic findings.

Case Report

Female SPF yellow Kuo Kondo (KK)-AY mice (age, 5 to 8 wk;
CLEA Japan, Tokyo, Japan) were under controlled conditions.
The mice were confirmed to be free of Citrobacter rodentium,
Clostridium piliforme, Corynebacterium kutscheri, Mycoplasma pul-
monis, Salmonella spp., Pasteurella pneumotropica, Pseudomonas
aeruginosa, Helicobacter hepaticus, H. bilis, Filobacterium roden-
tium (formerly known as cilia-associated respiratory bacillus),
mouse hepatitis virus, Sendai virus, ectromelia virus, mouse
adenovirus, lymphocytic choriomeningitis virus, hantavirus,
epizootic diarrhea of infant mice virus, pneumonia virus of
mice, minute virus of mice, mouse cytomegalovirus, mouse en-
cephalomyelitis virus, and reovirus type 3. Room conditions
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were: temperature, 20 to 26 °C; relative humidity, 55% + 10%;
and 12:12-h light:dark photocycle. The mice received a standard
diet (FR-2, Funabashi Farm, Chiba, Japan) and water without
restriction. They were housed in aluminum cages (20 x 30 x 10.7
cm; 4 or 5 mice per cage) containing sterilized wood shavings.
This strain was used for many experiments from 2006 to 2012,
and the number of female KK-AY mice purchased varied from
1000 to 4000 annually. All judgments regarding the laboratory
animals were performed in accordance with Japanese standards
relating to the care and management of laboratory animals and
relief of pain.” The clinical signs that we describe in the cur-
rent report became apparent before the mice were used in any
experiments.

Fresh tissues or samples taken by using cotton swabs were
inoculated on heart infusion agar (Difco Laboratories, Detroit,
MI) and heart infusion agar containing 5% defibrinated horse
blood (Nippon Bio-Test Laboratories, Tokyo, Japan) for isolation
and identification of Streptococcus agalactiae. These plates were
incubated aerobically at 37 °C for 18 to 24 h. According to colony
morphology on horse blood agar (gray to white colonies with
or without B-hemolysis) and gram-staining characteristics, pre-
sumptive Streptococcus colonies were selected and subcultured
on horse blood agar. Christie-Atkins-Munch-Peterson (CAMP)
and rapid hippurate hydrolysis testing were performed to es-
tablish whether group B Streptococcus organisms were present.>”
To further verify these results, Lancefield group determination
using Seroiden Strepto-kits (Eiken Chemical, Tokyo, Japan),
API 20-Strep (bioMérieux, Marcy—l’Etoile, France) kits, and
serotype determination by using latex agglutination testing
(Denka Seiken, Tokyo, Japan) were performed. Other bacteria
isolated were identified by using other kits such as EB20 (Nissui
Pharmaceutical, Tokyo, Japan) for Enterobacteriaceae and SP18
(Nissui Pharmaceutical) for staphylococci.

Samples of the oral cavity were collected from 16 mice (age,
6 wk) by using cotton swabs soaked in sterile saline. These
samples and fresh fecal samples were plated on custom S. aga-
lactiae—selective agar: Columbia blood agar base (Oxoid Lim-
ited, Hampshire, United Kingdom), 39 g/L; starch, 10 g/L; 5%
defibrinated horse blood; cinoxacin, 10 mg/L; and neomycin,
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Table 1. Clinical signs in 22 research-naive female KK-AY mice

Spontaneous streptococcal infection in KK-AY mice

Clinical sign Isolation site No. of cases Age (wk) at onset
Facial abscess Left submandibular region 6 16,21, 21, 25, 25,27
Right submandibular region 5 18, 20, 22, 25, 252
Tail abscess Tail 2 55
Abscesses at other sites Left lumbar region 2 7,8
Left abdominal region 1 8
Right shoulder 1 6
Right hindleg 1 14
Torticollis Middle and inner ear 2 14,15
Hydrocephalus Uterus 1 9
Moribund Kidney 1 8

S. agalactine was isolated from all isolation sites.
*Klebsiella pneumoniae was isolated also.
bStaphylococcus aureus was isolated also.

5 mg/L. These plates were incubated aerobically at 37 °C for 24
to48 h.

Clinically ill mice were euthanized by CO, exposure. At nec-
ropsy, the abscesses and liver were swabbed for bacterial cul-
ture. Kidney tissue was fixed in 10% neutral buffered formalin
and embedded in paraffin wax; 5-um sections were stained with
hematoxylin and eosin for histology.

The number of animals with clinical signs in 2006, 2007, 2010,
2011, and 2012 was 2, 4, 7, 8, and 1, respectively, and comprised
11 cases of submandibular abscesses, 2 cases of caudal ab-
scesses, 5 cases of other abscesses besides face and tail, 2 cases
of torticollis, 1 case of hydrocephalus, and 1 case of moribund
behavior (Table 1). Figure 1 shows a 25-wk-old mouse with a
right submandibular abscess; submandibular abscesses affected
mice older than 15 wk. Caudal abscesses were apparent as early
as the time of arrival at our animal facility (5 wk of age). Ex-
cept for submandibular and caudal abscesses, the remaining
abscesses affected 6- to 14-wk-old mice. At necropsy, the mouse
with hydrocephalus was revealed to have uterine enlargement,
with retention of exudative fluid. S. agalactiae was isolated
from the abscess sites and the liver and urine of the moribund
mouse. The serotypes of the strains tested were all nontype-
able. Several mice demonstrated submandibular abscesses
that were coinfected with Klebsiella pneumoniae, and the case
of uterine enlargement was positive for Staphylococcus aureus
also. Among the 16 normal KK-AY mice we tested, 11 had S. aga-
lactiae in the oral cavity, and 15 were positive for the organism
their feces.

The kidneys of the moribund mouse (age, 8 wk) were pale
and inflamed (Figure 2 A). Severe chronic nephritis was present
in the cortex (Figure 2 B), and inflammatory infiltrates, includ-
ing lymphocytes, neutrophils and plasma cells, were evident
(Figure 2 C). The inflammation was more severe in the cortex
than in the renal medulla. Inflammatory foci contained numer-
ous gram-positive cocci (Figure 2 D).

Discussion

Human diabetic patients reportedly have an increased sus-
ceptibility to group B Streptococcus bacteremia for several rea-
sons, including hyperglycemia and related effects on phagocytic
function and cell-mediated immunity.® Similarly, streptozotocin-
treated mice, are more susceptible to group B Streptococcus in-
fection than control mice.*"® Although disseminated infection
due to S. agalactiae in a model of type II diabetes (such as KK-AY
mice) has not been reported previously, the isolation of S. aga-
lactiae in both pure and mixed cultures from both abscesses and
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Figure 1. Submandibular abscess due to S. agalactiae in a 25-wk-old
mouse. A pure culture of S. agalactiae was isolated from the abscess.

organs, as we report here, is strongly indicative of the clinical
significance of this isolate in KK-AY mice.

We here described 22 KK AY mice that demonstrated clini-
cal signs associated with infection by S. agalactiae. We did not
perform any histopathology to confirm the diagnoses of abscess
and torticollis, which were based solely on the clinical signs ob-
served and their similar progression in all animals. The various
abscesses might be attributed to bite wounds from fighting be-
fore or during transport and associated translocation of bacteria
from the oral cavity; no bite wounds were noted in any of the
mice. An interesting finding was that facial abscesses were more
prevalent in mice older than 15 wk, perhaps due to the timing of
the development of hyperglycemia in this strain. The coloniza-
tion of group B Streptococcus in pregnant women and its trans-
mission to their children is common, and S. agalactiae has been
isolated from the ear canal of neonates of colonized mothers.'®
We surmise that the torticollis in our mice was related to middle
or inner ear infection by S. agalactiae through the upper respira-
tory tract, nasal cavity, or hematogenous route. The systemic
infection observed in the moribund mouse was correlated with
the isolation of bacteria from liver. Furthermore, S. agalactiae can
cause urinary tract infections in humans.! Given that the renal
inflammation was more severe in the cortex than in the medulla
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Figure 2. (A) Gross morphology of kidneys. (B) Photomicrograph of a kidney; magnification, 20x. (C) Photomicrograph showing glomerular
nephritis; magnification, 400x. (D) Photomicrograph showing gram-positive cocci in the glomerulus. Gram stain; magnification, 1000x. The

mouse was 8 wk old.

(Figure 2 B) of this mouse, S. agalactiae most likely was dissemi-
nated hematogenously in this case.

The incidences of S. aureus and K. pneumoniae infections are
also more prevalent in people with diabetes mellitus than in
people without diabetes mellitus,” and these 2 bacterial species
were found concurrent bacterial isolates with S. agalactize.* in
this report. KK-AY mice might be also more susceptible to these
pathogens.

Given the prevalence of S. agalactiae, we tested other diabetic
mouse models that were purchased from commercial vendors.
Groups of 16 BKS.Cg-Dock7™+/+Lepr® /] (Charles River Labo-
ratories Japan, Kanagawa, Japan), BKS.Cg-+ Lepr®/+ Leprd®/
Jcl (CLEA), and B6:V-Lep® /] (Charles River Laboratories Japan)
mice (age, 5 wk) were all negative for S. agalactize. Although S.
agalactiae was reported as an oral bacterial isolate in animals
from 2 BALB/c suppliers, no clinical signs of infection were
apparent.”® At our animal facility, S. agalactiae has been isolated
from the oral cavity and feces of BALB/c mice also (data not
shown). Because clinical signs with abscesses as a prominent
symptom have seldom occurred in either BALB/c mice or al-
ternative mouse models of diabetes at our facility, S. agalactine
might be a risk factor for these clinical signs in diabetic mice.
Our case report suggests that S. agalactiae should be included
in the list of possible etiologic agents of disease in diabetic mice
with clinical signs.

Our results are supported by clinical evidence indicating a
correlation between people with diabetes mellitus and their
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propensity to acquire S. agalactiae infections. However, the ef-
fect of hyperglycemia on the susceptibility to S. agalactiae infec-
tion has not been fully elucidated. KK-AY mice might be useful
for evaluating the adaptation of S. agalactiae to hyperglycemic
environments.
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