CHAPTER 3

3.  Biology and Diseases of Mice


Biology and Diseases of Mice

I.
INTRODUCTION

A.
Origin and History

· Phylogenetic designation of the house mouse of Europe and North America

Order - Rodentia

Family - Muridae

Subfamily - Murinae

Genus - Mus

Species - musculus

· Used as early as the seventeenth century in comparative anatomical studies

· In genetic terms, it is the most thoroughly characterized mammal on earth

B.
Genetics
· 2n number of chromosomes = 40

· One of the most thoroughly studied genetic systems of the mouse is the histocompatibility complex

· Controls expression of cell surface molecules that modulate major immunological phenomena

· Major group is H-2, located on chromosome 17.
· Cause rapid rejection (10-20 days) of grafts that display foreign H-2 Ag.  Minor H loci groups are scattered throughout the genome and are responsible for delayed graft rejection.

· Coat color

· Genes that control coat color
Aa
Bb
Cc
Dd

A – Agouti

a – nonagouti

B – Black


b – brown

C – Color


c – albino (colorless)
epistatic (interaction of nonallelic)

D – Nondilute

d – dilute

C.
Nomenclature and Breeding Systems

· Note - should understand Table I

· Inbred strains first developed in 1909 by C.C. Little

· for practical purposes are genetically identical to other mice of the same strain and sex.

· Produced by brother–sister matings for at least 20 generations

· Random bred mice are genetically heterogeneous

· In a population of 25 breeding pairs heterozygosity will decrease at 1% per generation w/ standard randomization techniques.
· Recombinant inbred strains are developed by single-pair random matings of mice from an F2 generation by crossing two inbred strains.  Lines selected for desired characteristics are perpetuated by brother–sister matings for 20 gens to obtain homozygosity.

· Coisogenic inbred strains: occurrence of a mutation w/i an inbred strain

· Congenic:

a) Backcross system for 10 or more gens or

b) Cross-intercross system for 10 or more cycles w/ an inbred parent strain

· Transgenic

· Cross: unlike homozygotes

· Incross: like homozygotes

· Intercross: between two heterozygotes

· Backcross: homo X hetero

· The Committee on Standardized Genetic Nomenclature for Mice publishes a periodic listing of strains and stocks and updated rules for nomenclature.

D.
Housing and Husbandry

Conventional or barrier

· Shoebox cage is usually made of polycarbonate, polypropylene, or polystyrene plastic (in order of decreasing cost and durability).

Stainless steel caging - solid bottom versus suspended caging - solid bottom caging should contain bedding which has either been autoclaved or evaluated in regards to origin and microbial content

Nutritional requirements for laboratory mice are published periodically by the National Research Council.

· Mice consume about 3-5 grams of feed per day.

· Mice should have continuous access to potable water

Adult mice drink 6 to 7 ml of water per day

Decreased water intake will decrease food consumption

May be unsuitable to administer medicine to sick mice in the water since sick mice drink very little water

II.
Biology

A.
Physiology and Anatomy

1.
Temperature and Water Regulation

· Mice have a relatively large surface area per gram of body weight

· Mouse responds to cold exposure by nonshivering thermogenesis

· Water conservation is embellished by cooling of expired air in the nasal passages and by the highly efficient concentration of urine.

· Mouse has no sweat glands, cannot pant, and ability to salivate is severely limited

· Adapts to moderate but persistent increases in environmental temperatures by a persistent increase in body temperature, a persistent decrease in metabolic rate, and increased vascularization of the ears to increase heat loss.  In wild, retreat into a burrow.

· Mouse is not a true endotherm.  The neonatal mouse is ectothermic and does not have well-developed temp. control before 20 days of age.

· The thermoneutral zone for mice varies w/ strain and w/ conditioning, but is about 29.6(–30.5(C, narrower than that of any other mammal thus far measured.

· Mice in a TA  range of 21-25(C grow faster, have larger litters, and have more viable pups.

2.
Respiratory System

Three main portions of respiratory tract

1. anterior section - consists of nostrils, nasal cavities, and nasopharynx

2. intermediate section - consists of larynx, trachea, and bronchi, all of which have cartilaginous support (* no cartilage in bronchi)

3. posterior section - consists of the lungs

left lung is a single lobe

right lung is divided into four lobes: superior, middle, inferior, and postcaval

· mouse has high metabolic rate requiring about 3.5 ml O2/gm/hr, about 22 times more than is used by an elephant

3.
Urinary System

· Made up of the kidneys, ureters, urinary bladder, and urethra

· Right kidney normally located anterior to the left kidney

· Kidneys in males are usually heavier than those in females

· Mice excrete only a drop or two of urine at a time and it is highly concentrated

· Mice normally excrete large amounts of protein in the urine

· Taurine is always present in the urine

· Tryptophan is always absent from the urine

· Creatine is excreted in mouse urine, a trait in which mice differ from other mammals

4.
Gastrointestinal System

· Submaxillary salivary gland secretes only one type of saliva (serous)

· Parotid - serous, sublingual - mucous

· Tubular portion of GI tract consists of esophagus, stomach, small intestine, cecum, and colon.

· Esophagus of mouse is lined by a thick cornified squamous epithelium

· The proximal portion of the stomach is keratinized while distal portion is glandular.

· Gastric secretion continues whether or not food is present.

5.
Lymphatic System

· Consists of lymph vessels, thymus, lymph nodes, spleen, solitary peripheral nodes, and Peyer's patches

· The cortex of lymph node is divided into B lymphocyte domains, called primary follicles, and T lymphocyte domains, known as the diffuse cortex.

· Does not have palatine or pharyngeal tonsils.

· The thymus is a bilobed lymphoid organ lying in the anterior mediastinum

· It reaches maximum size around the time of sexual maturity and involutes between 35 and 80 days of age

· Plays a major role in the maturation and differentiation of T lymphocytes

· Some transmission of humoral immunity occurs in utero, but the majority of antibody is transferred after birth through colostrum

6.
Cardiovascular System

· The heart consists of four chambers

· Mean systolic pressure ranges from 84 to 105 mm Hg

· An increase in body temperature does not lead to an increase in blood pressure

· Heart rates generally range from 310 to 840 beats per minute

7.
Skeletal System

· Composed of two parts

The axial skeleton - consists of skull, vertebrae, ribs, and sternum

Appendicular skeleton - consists of the pectoral and pelvic girdles and the paired limbs

· Normal vertebral formula is C7 T13 L6 S4 C28 w/ some variation between strains

· Dental formula is (I 1/1, C 0/0, PM 0/0, M 3/3)2 = 16
· Incisors grow continuously and are worn down during mastication

8.
Nervous System

The mouse brain has a typical mammalian structure

B.
Reproduction

· Male reproductive organs consist of paired testes, urethra, penis, and associated ducts and glands (Fig. 10, p. 42).

· Ampulla, preputial glands, seminal vesicles, coagulating glands, prostate, and bulbourethral
.
· Female repro. organs consist of paired ovaries and oviducts, uterus, cervix, vagina, clitoris, and paired clitoral glands.

· Clitoral glands are homologous to the male preputial glands and secrete a sebaceous substance through ducts entering the lateral wall of the clitoral fossa.

· Five pairs of mammary glands, three in cervicothoracic region and two in inguinoabdominal region.

1.
Sexual Maturation

· FSH promotes gametogenesis in both sexes

· LH promotes the secretion of estrogen and progesterone in the female and androgen in the male

· Prolactin promotes lactation and development of the ovary during pregnancy

· Sexual maturity in the female occurs at about 21-30 days - sexual maturity in the male occurs slightly later than in the female - may be up to two weeks later.

2.
Estrous Cycle

· Mouse is polyestrous and cycles every 4 to 5 days.

· Estrus is routinely observed about 14-24 hours after parturition (postpartum estrus).

· Mice are spontaneous ovulators
· Pheromones and social environment affect the estrous cycle

· Lee boot effect - estrus is suppressed in females housed in large groups due to pseudopregnancy or diestrus.

· Whitten effect - exposure to male pheromones in females which are group-housed will initiate estrus

· Bruce effect - pheromones from a strange male mouse may prevent implantation or pseudopregnancy in recently bred females.

· Group housing suppresses estrus, but exposure to male pheromones restarts the cycle and leads to estrus in most females 3 days after pairing.

3.
Mating

· Mating is normally detected by formation of a vaginal plug (mixture of secretions of the vesicular and coagulating glands of the male).

· Physical stimulation of cervix and vagina causes release of prolactin which enables the corpus luteum to secrete progesterone

· Ova can be fertilized up to 10- 12 hours postovulation

4.
Gestation

· Usually 19-21 days

· Effective reproductive life may be as much as two years, females usually retired by 1 year of age

· Litter size ranges from 1 to 12 pups

5.
Postnatal Development and Weaning

· Nursing females usually lactate for 3 weeks

· Transmission of passive immunity occurs by ingestion of colostral antibodies

· Antibodies continue to be secreted in the milk throughout lactation

C.
Behavior

· Mice are social animals

· Pheromones serve as a principal mechanism for communication

· Pheromones divided into two categories

1. Primer pheromones - are probably detected by chemosensor organs that relay messages to the CNS.

2. Releaser pheromones - trigger a prompt, CNS-mediated behavioral response in a recipient.

Primer pheromones produced by males also regulate the reproductive physiology of females.

· Behavior also determined by environment and genotype

· Male BALB/c mice are prone to fights

· Hair nibbling and whisker chewing (barbering) are examples of social dominance

· Dominant mice usually retain their whiskers

III.
DISEASES

A.
Infectious Diseases

1.
Bacterial Diseases

a.
Tyzzer's Disease

· Clostridium piliforme, a long thin G(-) spore former

· Acute death that may be preceded by diarrhea.  High morbidity and mortality.  Subclinical infxns also occur.

· Can be propagated by inoculation of susc. vertebrates or the yolk sac of embryonated hens’ eggs.

· Predisposing factors: stresses such as immunosuppression, overcrowding, increased temp and humidity, moist food and host genotype.

· Transmission: spores in the environment, feces contaminated food, in-utero inf. can be induced.

· Lesions:  ileum and colon may be normal or red & dilated w/ watery, fetid contents.  Histo - necrosis.  In intestine, necrosis of mucosal epithelium; liver - foci of coagulation necrosis along branches of portal vein.

· Myocardial necrosis occurs in some species (e.g., rabbit & rat), but is not commonly seen in the mouse
.

· Dx:  Bundles of long, slender rods in the cytoplasm of viable hepatocytes bordering necrotic foci.  Silver stains (Warthin-Starry), Giemsa, PAS stains.  Find organisms in tissue sections of liver and epi cells of the intestine.  Supplemental include inoculation of eggs, serological detection.

· DDx:  mouse pox, coronal viral hepatitis, reoviral hepatitis and salmonellosis.

· Control:  replacement

b.
Transmissible Murine Colonic Hyperplasia:
· Citrobacter (freundii) rodentium
· Typical Citrobacter are motile, G(-) aerobes, ferments lactose and utilizes citrate as sole source of carbon.  Substrains assoc. w/ colonic hyperplasias are nonmotile and either fail to utilize citrate or do so marginally.

· CS:  Retarded growth, ruffled fur, soft feces, rectal prolapse
, mucosal hyperplasia and colitis.  Moderate mortality in late suckling or early weanling mice.

· Predisposing factors: genotype, age, virulence of organism, and diet.

DBA, NIH Swiss, C57BL resistant, C3H/HeJ susceptible.

· Histo:  Pathognomonic - severe thickening of the descending colon, rigid and either empty or w/ semiformed feces (Fig 14, p. 46).  Mitosis of colon is accelerated, crypt epithelium in mucosa.

· DX:  CS, characteristic histo changes and isolation of organism.

· Control:  sulfamethazine, Tetra, neomycin in water, surveillance.

c.
Pseudomoniasis

· Pseudomonas aeruginosa, G(-) motile, non spore forming rod

· opportunist, may cause septicemia in immunocompromised animals, i.e. nude mice

· CS:  equilibrium disturbances, conjunctivitis, serosanguinous nasal discharge, edema of head, wt loss and skin inf.  Immunosuppressed may develop GI ulcers.  Severe leukopenia.

· Organisms enter the squamocolumnar junction of the URT.  Bacteremia is followed by necrosis of liver and spleen.  Tympanic bullae may contain green suppurative exudate.

· DX: nasal culture, history.

· Prevention:  Chlorinated (8-10 ppm) or acidified water (2.5-2.8)

d.
Pasteurellosis

· Pasteurella pneumotropica, G(-) minor pathogen

· Opportunistic or 2(, may complicate pneumonias due to M. pulmonis or Sendai virus.

· CS:  conjunctivitis, panophthalmitis, dacryoadenitis, infxn of the bulbourethral gl.  Cutaneous lesions

· May cause infertility or abortion.  P. urea has been recovered from metritis.

· DX:  isolation of organism

· RAPD-PCR.  LAS 46(4): 386-392

· 16S rDNA-based PCR for detection in swab specimens.  LAS 46(1): 81

· Rx: Enrofloxacin 25.5 or 85 mg/kg/day for 14 days in drinking water.
LAS 46(3): 280

e.
Salmonellosis

· 1600 serotypes

· Most common isolate in mice is S. enteritidis var typhimurium, G(-) slow lactose fermenting rod

· Infection primarily by ingestion

· Nutritional iron def. has an attenuating effect on Salmonella infection in mice, whereas iron overload appears to promote bacterial growth and enhance virulence.

· CS:  anorexia, wt loss, dull coat, conjunctivitis.  Gastroenteritis.  Subacute infxn can produce distended abdomens from hepatomegaly and splenomegaly.

· Virulence depends on its ability to penetrate intestinal walls, enter lymphatic tissue, multiply and disseminate.  In chronic infxn organism persists in spleen and lymph nodes, liver and gb. intermittent shedding.

· Histo:  Necrotic foci in the intestine, mesenteric lymph nodes, liver, and spleen.  Granulomatous lesions are particularly characteristic of chronic.

· Dx - isolation w/ CS and lesions; blood culture, serological confirmation

· Prevented by proper husbandry and sanitation.  Contaminated colonies should be replaced.  Zoonotic
f.
Streptobacillosis

· Streptobacillus moniliformis, G(-) pleomorphic bacillus, L-phase variant in vivo and in vitro.

· L-phase considered non-pathogenic, but can revert in vivo to virulent form.

· 1-3 days acute phase with high mortality, followed by a subacute phase and then a chronic phase.

· CS:  dull damp coat, conjunctivitis, anemia, diarrhea, cyanosis, emaciation.  Chronic- cutaneous ulcers, arthritis, gangrenous amputation.  Hindlimb paralysis, stillbirths and abortions

· 1( pathogen for humans: Rat bite fever, Haverhill fever, rat is reservoir, transmitted via bites, aerosol, fomites.

· Histo:  necrosis of organs of peritoneal and thoracic cavities, acute inflamxn, fibrin deposition and abscesses.  Chronic - polyarthritis

· Dx:  isolation of organism

· Ddx:  Tyzzer's, corynebacteria, salmonella, mycoplasma, trauma

g.
Corynebacteriosis

· Corynebacterium kutscheri, G(+) short rod, pseudotuberculosis

· Latent infxns may be common in conventionally housed.  Active dz by immunosuppression or stresses ( acute illness w/ high mort. or chronic w/ low.

· CS:  emaciation, rough coat, ocular and nasal discharge, hyperpnea, cutaneous ulceration and arthritis.

· Organism is spread to all internal organs hematogenously.  Characterized by coagulative or caseous necrosis bordered by intense neutrophilic infiltrate.  Mucopurulent arthritis, necrosis and cartilaginous erosion.

· Not a 1( skin pathogen, but ulcers and fistulae follow embolization.

· Dx:  isolation, serology (not reliable)

· DDx:  M. avium, streptococcosis, mycoplasma

· Control:  cull and replace

h.
Staphylococcosis
· Species common to the skin and m.m. of mice are S. aureus, pathogenic, and S. epidermidis, nonpathogenic.

· G(+) coag +, (-hemolysis on blood agar, commensal of nasal passages

· CS:  dermatitis of face and neck, male’s infection of genital mucosa ( preputial gland abscesses, firm raised nodules at base of penis.  Deep infections - coalescing granulomas with necrotic centers containing bacteria.

· C57BL/6, C3H, DBA, and BALB/c most susc.  Young more than adults.

· DX: isolation phage typing, Gram stains

· Control:  frequent bedding changes, sterilization of food.

· S. xylosus causes fatal dermatitis in nude mice.

i.
Streptococcosis

· Most by Lancefield grp C

· CS:  depression, conjunctivitis, rough coat, hyperpnea, and emaciation.  Cervical lymphadenitis with fistulous drainage to the neck.

j.
Colibacillosis

· E. coli not a major pathogen.

k.
Klebsiellosis

· Klebsiella pneumoniae, G(-) opportunistic org.

· Urinary and resp tract inf.

l.
Clostridial Infection

· Clostridium perfringens, G(+) anaerobic, large, rod shaped.

· high mortality in suckling mice

· CS:  scruffy coats, hindlimb paralysis, and diarrhea.

m.
Murine Leprosy
· Mycobacterium lepraemurium, G(+) acid fast, obligate intracellular.

· Can be latent or cause granulomatous disease if exposed to wild rats.

· C57BL/6, BALB/c more susc. than DBAs.

· CS:  alopecia, thickened skin, subq swellings and ulceration, nodules in RE tissues and organs.

· Histo hallmark - perivascular granulomatosis with large foamy epithelioid macrophages (leprae cells) packed with acid-fast bacilli.

n.
Proteus infection
· Proteus mirabilis, G(-) opp pathogen, can be latent in GI and resp tracts.

· CS:  during stress, wt loss, diarrhea and death

· Proteus nephritis: abcessation and scarring.

· Seen with P. aeruginosa in cases of suppurative nephritis or pyelonephritis.

o.
Leptospirosis

· Caused by many species, gen asymptomatic, but still zoonotic potential.

· Zoonotic outbreaks assoc. w/ L. ballum.

· Dx:  Serological testing or isolation preferred.

· Eliminate via rederivation or replacement.

2.
Mycoplasmal

a.
Murine Respiratory Mycoplasmosis (MRM) (aka Chronic Respiratory Dz)
· Syndrome w/ suppurative rhinitis, otitis media and chronic pneumonia

· M. pulmonis a pleomorphic sterol requiring, bacterium with no cell wall.  Mycoplasma colonies on agar may resemble fried eggs (Not M. pulmonis).

· CS:  chattering, inactivity, wt loss, rough coat, dyspnea.  Develop pulmonary abscesses and bronchiectasis, cobblestone appearance of lung.

· A serious pathogen of rats.  Isolated from hamsters, GPs, and rabbits.

· Primary lesion is suppurative rhinitis progressing to squamous metaplasia.  Syncytia can sometimes be found in nasal passages.

· Lung lesion is chronic bronchopneumonia that spreads from the hilus.

· Prior infection with Sendai enhances the growth and severity of lung lesions.

· Ddx:  Sendai virus, C. kutscheri, CAR bacillus

· Dx:

· Culture in Hayflick's broth or Mycoplasma agar at 37(C.  Growth can occur in 1 wk but hold for 21 days before discarded as negative.  Chalquest culture medium

· Serology: ELISA, CF, HAI, RIA.  M. pulmonis is usually used as the antigen in ELISA testing because it will cross react w/ M. arthritidis but the reverse is not true.

· Control: pathogen free colonies; can interfere with respiratory research results.  Abiotics will decrease signs of dz but will not cure, may create carriers.

b.
Neurotoxic Mycoplasmosis (Rolling Disease)

· M. neurolyticum, natural prevalence rare.

· CS:  spasmodic hyperextension of the head and rolling of the body along the long axis.  Coma and death.  All ages susceptible

· Induced disease, exotoxin fixes to glial cells.

· Ddx:  Pseudomonas caused otitis

3.
Rickettsial and Chlamydial Diseases

· Rickettsia:  G(-) rod shaped, coccoid or pleomorphic organism without flagella.  Insect transmission, infects reticuloendothelial cells, produce vasculitis, and destroy erythrocytes ( hemolytic anemia.

· Eperythrozoon coccoides, ring shaped or coccoid either on erythrocytes or free in plasma (Fig 17, p. 53).  Transmitted by Polyplax serrata, the mouse louse.

· Hemobartonella muris (on RBC) not usually a problem, transmitted by the rat louse, Polyplax spinulosa.
· CS:  acute febrile anemia or asymptomatic

· E. coccoides may convert asym MHV infxn into a fatal dz.  Also LCM and LDHV.

· DX:  inoculation of test material into splenectomized mice is the most sensitive means.  Blood smears every 6h, stain with Romanowsky stain

· Control: euthanasia

· Chlamydia, intracellular parasites, cytoplasmic inclusions

· C. trachomatis strain - “Nigg agent” causing pneumonitis in mice.  Characterized by gray foci which consolidated.

· C. psittaci some latent infections

4.
Viral Diseases

a.
Mousepox (Infectious Ectromelia)

· Family Poxviridae, Genus Orthopoxvirus.

· Hampstead (low virulence) and Moscow (high virulence) used in research.

· Ectromelia virus grows well on the CAM of embryonated chicken eggs and can also infect HeLa cells, human amnion cells, mouse fibroblasts (L cells), and chick embryo fibroblasts.

· B-SC-1 cell line is particularly sensitive to the virus.

· Produces envelope hemagglutinin.  Forms the basis for hemagglutinin inhibition test (HAI).

· Disease takes one of three courses:  Acute w/ high mortality, chronic w/ variable mortality, or asymptomatic.

· Mice that survive acute infection develop a skin rash.  May develop anywhere on the body, solitary or generalized.

· Conjunctivitis may also occur.

· Natural exposure through small abrasions of skin.

· Rat louse (Ornithonyssus bacoti) may be a passive vector.

· Lab mouse is the primary host.  DBA/1, DBA/2, BALB/c, A, and C3H are most susceptible inbred strains.
· C57BL/6 and AKR are resistant to lethal infection.  Dangerous because they can develop an enzootic asymptomatic infection.

· Multiplies in the cytoplasm.

· Produces two types of inclusion bodies:

A type (Marchal body): acidophilic, in epithelial cells of the skin, of MM.

B type: basophilic, in all infected cells (Guarnieri bodies).

· Pathogenesis (Fig 20, p. 57): invades skin, viral multiplication in draining l.ns and primary viremia.  Splenic, hepatic involvement w/i 3-4 days, virus disseminated in the blood to the skin, death or skin lesions
· Hepatocellular necrosis, white spots on the liver.

· Splenic necrosis precedes hepatic necrosis.

· Primary skin lesion (at 6-10 days) localized swelling that enlarges from edema.  Necrosis provokes surface scabs and heals as deep hairless scar.

· Secondary skin lesions (rash) occur 2 -3 days later, are widespread, can be assoc. w/ conjunctivitis, blepharitis, and w/ buccal and lingual ulcers.  Can ulcerate and scab before scarring.

· Conjunctivitis most common clinical sign; additionally small, crusty scabs were frequently observed on hairless areas of skin.  LAS 46(6): 602-611

· Diagnosis: clinical signs, lesions, serological tests, demonstration of virus or antigen in tissue.

· IC eosinophilic inclusion bodies and typical poxvirus particles.

· Serological tests:

HAI using vaccinia antigen.

Immunofluorescence (IFA)

gel diffusion

ELISA

Complement Fixation (CF)

· DDx: MHV, Tyzzer’s, Reo-3.  Skin lesions from skin dzs caused by bacteria, acariasis, and bite wounds.

· Serum from vaccinia vaccinated mice will react with CF, IFA, or ELISA, but not with HAI.

· Control: depopulation with vaccination.

· Quarantine infected colonies immediately, confirm infection prior to destroying mice.

· Formalin or sodium hypochlorite used for disinfection.

· Autoclave or incinerate materials.

· Disinfected rooms challenged with sentinel animals which are observed and tested for several weeks.

· A hemagglutinin-deficient strain of vaccinia virus (IHD-T) used to scarify skin on dorsum of tail (Fig 21, p. 58).  Vaccine rxn should occur in all previously uninfected mice by 6-10 days, but not in infected mice.

· Primary threat is its lethality in susceptible mice.  A, BALB/c, C3H, DBA
, SWR

Resistant - C57BL/6

b.
Herpesvirus Infections

Mouse cytomegalovirus (MCMV)
· Betaherpes

· Infectious only for mice, but can replicate in cell cultures of mice, hamsters, rabbits, sheep, and non-human primates.

· Infection of lab mice uncommon.

· Susceptibility decreases w/ age.  Neonates highly susceptible, 4 wk olds highly resistant.

· Establishes persistent infection in salivary glands and pancreas.

· Lesions not remarkable during natural infection, may be limited to an occasional enlarged cell (megalocytosis) containing an INIB w/ some nonsuppurative interstitial inflammation, esp in the cervical salivary glands.

· Can be latent, status in a colony can be difficult to determine.

· Close contact required for spread.

· Cellular immunity important in protection against severe or lethal infections.

· Can be grown in mouse embryo fibroblasts or 3T3 cells.

· Differentiate from mouse thymic virus.

· MTV can produce necrosis and atrophy of thymic and peripheral lymphoid tissue.  Lytic lesions of lymphoid tissues are not a hallmark of MCMV.

· Control measures not established.

· Can suppress responses of mice to other antigens and may be immunosuppressive.

· Can exacerbate the pathogenicity of opportunistic organisms such as Pseudomonas aeruginosa.

Mouse thymic virus (MTV)
· Named for the thymic necrosis it causes in suckling mice.

· No in vitro method for cultivation, so use mouse inoculation.

· Usually asymptomatic, causes severe diffuse necrosis of the thymus during the first week of life and persistent infection of the salivary gland.

· Infected thymocytes display MTV positive intranuclear inclusion bodies.

· Necrosis assoc. w/ granulomatous inflammation and formation of syncytia.

· Prevalence not known.

· Mode of transmission obscure.  Suggested horizontal spread.

· Diagnosis from acute morphological changes and intranuclear inclusions.

· CF or NT tests for serologic confirmation of infection.

· Control measures: rederiving, restocking.

· Transiently suppresses cellular and humoral immune response, by destroying neonatal T-lymphocytes.

c.
Lactate dehydrogenase elevating virus (LDHV) Infection
· Arterivirus

· Specific to mice, causes elevated levels of several serum enzymes, most notably lactate dehydrogenase (LDH).

· Mechanical transfer of tissues or serum is primary mode of transmission.

· Asymptomatic

· Natural transmission is rare.

· Virus may be excreted in feces, milk, urine, and probably saliva.

· Produces lifelong viremia.

· LDH levels permanently elevated (only LDH V).

· SJL/J mice show spectacular increases (15-20 times normal).

· Thought that viral interference with clearance functions of the reticuloendothelial network is a significant factor in elevated blood levels of enzyme.

· Detected by measuring LDH levels in mouse plasma before & 4 days after inoculation of SPF mice with suspect material.

· Can infect tumor cells, but will not replicate in them in vitro.  Tumors can be freed by passaging several times in nonpermissive rodents (rat).

· Reduces auto-antibody production, causes transient thymic necrosis and lymphopenia, suppresses cell mediated immune responses, and enhances or suppresses tumor growth.

· Found in more than 50 transplantable mouse tumors.  (#1 contaminant of tumor lines & cell cultures)

d.
Lymphocytic choriomeningitis (LCM)
· Arenavirus, ssRNA, sensitive to lipid solvents.

· Initially isolated from monkeys inoculated with human tissues, albino mice, and humans.

· Replicates by budding, viral envelope is formed by the cell outer membrane.

· Can infect insect cell.

· Can persistently infect naturally exposed mice and cultured cells.

· Four patterns of clinical signs:

1.
Cerebral form - induced in adult mice by intracerebral inoculation.

Characterized by sudden death 5-6 days post inoc. or subacute illness.  Mice suspended by the tail will have coarse tremors of the head and extremities culminating in clonic convulsions and tonic extension of the hindlegs.

2.
Visceral form - induced in adult mice by peripheral routes of inoculation.

Signs vary from asymp. infection to ruffled fur, conjunctivitis, ascites, somnolescence, and death.

3.
Late onset disease - found in prev. asymp. carrier mice.

Occurs in persistently infected mice when 9-12 months old.  Signs are non-specific.  Usually the result of prenatal or neonatal infection.

4.
Runting and death - in neonatally infected mice.

Can lead to transient illness or death.  Signs are non-specific.

· Natural hosts: Mice, hamsters, and humans.  Wild mice are natural reservoir.  Hamsters amplify.

· IFA is the preferred serodiagnostic test.

· DDx:  MHV, mousepox, REO3, Tyzzer’s dz, or husbandry-related.

· Selective testing or culling.  Depopulation more reliable.

· Introduction of infection usually occurs from inoculation of virus infected biologicals.

· Zoonotic
e.
Sendai viral pneumonia
· Paramyxovirus, closely related to human Parainfluenza 1

· Isolated in Japan in 1950's.

· ss RNA virus, pleomorphic, lipid sensitive envelope contains glycoproteins w/ hemagglutinating, neuraminidase, and cell fusion properties.

· Grows well on embryonated hen’s eggs and in several mammalian cell lines.

· Virus replicates in the cytoplasm & by budding thru cell outer membrane.

· Natural infections occur in mice, rats, hamsters, and guinea pigs.

· Susc mice sit in a hunched position and have an erect haircoat.  Rapid wt loss and dyspnea, there may be crusting of eyes and chattering.

· More lethal in suckling mice.

· Highly infectious, morbidity is commonly 100%.  Mortality can vary 0 - 100%.

· Transmitted by aerosol or contact.  Airborne promoted by high relative humidity and low air turnover.

· Lesions are partial to complete consolidation of the lungs.  Demarcation between normal and pneumonic zones is usually distinct.

· Regeneration and repair characterized by hyperplasia and squamous metaplasia of bronchial epi.

· Infections are self limiting because of a vigorous immune response.

· ELISA or an IFA offer superior sensitivity and specificity.

· DDx:  PVM generally milder and asym.  Bacterial pneumonias are sporadic can be differentiated culturally.  MRM.

· Control:  Infection can “burn itself out.”  Quarantine 4-6 weeks with no new animals introduced by any means.

· Interferes w/ the ability of mouse lymphocytes to respond to mitogenic stimuli.  Can inhibit growth of transplantable tumors.

f.
Pneumonia Virus of Mice (PVM) Infection
· Heat labile pneumovirus of the family Paramyxoviridae.

· ssRNA, replicates in the cytoplasm, buds from cell outer membranes.

· Agglutinates erythrocytes of several rodent species including mice.

· Replicates exclusively in respiratory tissue.  Replicates well in vitro in BHK-21 cells.

· Natural infections in mice, rats, hamsters, and other rodents.

· Highly prevalent in mice, world-wide.

· Acute, self limiting infection.

· Intimate contact required for transmission.

· Dx:  HAI test highly reliable.  Virus iso in BHK-21 cells is detected by cytopathic effect, hemagglutinin production, or hemadsorption.  Viral Ag by immunofluorescence.

· DDx:  From other viral pneumonias (Sendai)

· No vaccine available.

g.
K Virus Infection (aka mouse pneumonitis virus)

· Papovavirus, dsDNA virus

· stable for 2 weeks at room temperature.

· Natural disease is asymptomatic.

· Oral–fecal trans

· Gross lesions limited to lungs.  Histo changes in endothelial cells of small pulmonary and hepatic blood vessels.  Cells have swollen nuclei w/ prominent INIBs that are amphophilic or basophilic when stained w/ H&E.

· Dx by clinical signs, virus iso, histopath, and serology.

· CF most sensitive.

· Infections commonly latent and chronic with low prevalence.

· Control by rederivation.

· Transplantable neoplasms can become infected.

h.
Epizootic Diarrhea of Infant Mice (EDIM
)
· Rotavirus of the family Reoviridae.

· RNA virus that replicates in epithelial cells of the small intestine.

· Clinical signs in suckling mice only.  Mild dz - fecal soiling of the perineum, some may develop rectal impaction and die.
· High morbidity and low mortality

· Infectious only for mice.  Trans by oral contact.

· Asymp. infected adults shed virus in feces for 17 days.

· Gross lesions limited to the GI tract.  Distended colon.  Stomach contains curdled milk.  SI - increased vacuolation of villar epi cells w/ cytoplasmic swelling give villi a clubbed appearance.

· Dx:  from clinical signs, histology, and demonstration of virus.

· DDx:  MHV, Reo3, Tyzzer’s, & salmonellosis.

· Control:  good sanitation.  Self limiting - cessation of breeding for 4-6 wks is effective.  Prevention - maintenance of sanitary barrier housing.

i.
Reovirus 3 Infection
· Orthoreovirus of the family Reoviridae.

· dsRNA virus

· Acute disease in sucklings and weanlings, chronic disease in mice over 28 days old, adult have asymp infection.

· CS:  emaciation, abdominal distension, and oily, matted hair due to steatorrhea from decreased lipase and amylase activity.  Icterus in feet, tail, and nose.  Incoordination tremors and paralysis just before death.

· Transmitted orally or parenterally.

· Can be pantropic in mice.

· Humoral and cellular immunity participate in host defense.

· Diagnosis is aided by detection of the oily hair effect (steatorrhea), a phenomenon typical for reovirus 3.

· DDx:  Mouse coronavirus, ectromelia virus, or Clostridium piliforme.

· Rederive or replace

· Virus has been recovered from transmissible neoplasms and is suspected of being oncolytic.

j.
Mouse Coronavirus Infection (Mouse Hepatitis)
· Pleomorphic, enveloped RNA viruses with radially arranged peplomers.

· Five prototype strains: JHM (MHV-4), MHV-1, MHV-3, MHV-S, and MHV-A59.

· Develop exclusively in the cytoplasm.

· CS:  Suckling mice (Fig 28, p. 69) - diarrhea, inappetence, dehydration, wt loss, lassitude, and ruffled hair.

· Natural trans thru respiratory or oral routes.

· C3H/RV mice are resistant to MHV-2 but are semi-susceptible to MHV-3.

· DBA/2 mice are highly susc. to MHV-3.  A/J mice develop resistance to lethal infxn shortly after weaning.

· Hepatic necrosis can be focal or confluent and may be infiltrated by inflam cells

· Syncytia (Fig 30, p. 71) commonly form at the margin of necrotic areas.

· Humoral and cellular immunity appear to participate in host defenses.

· DDx: EDIM, mousepox, reo-3, Tyzzer’s dz, and salmonellosis.

· Sentinel athymic mice develop clinical dz if placed among asymp infected mice.

· Syncytium formation w/ or w/o necrosis is highly characteristic of MHV infxn.

· Virus can be isolated in mouse liver cell line NCTC-1469.

· (Sample ascending colon)

· Fecal PCR assay.  Sentinel mice fecal specimens assayed in as few as 3 days.  LAS 47(1):6-10

· Enterotropic MHV biotype is predominant in contemporary lab mouse colonies. LAS 48(1): 50-54

· Prototypic strains:  MHV-1, MHV-2, MHV-3, MHV-JHM, MHV-A59, & MHV-S.

· Respiratory Strains:  MHV-1, MHV-3, MHV-A59, MHV-JHM, and MHV-S

· Enterotropic strains:  MHV-Y, MHV-D, MHV-N, MHV-K, and MHV-S/CDC

k.
Minute Virus of Mice (MVM)
· Parvovirus

· Highly contagious and highly prevalent in wild and lab mice.

· ssDNA virus, (INIBs)

· Antigenically distinct from rat parvovirus.

· Natural infection usually asymptomatic.

· Moderately pathogenic for mice, but teratogenic in neonatal hamsters and produces mongoloid deformities.

· Serology 1( method used to detect infxn.

· MVM can be isolated from spleen, kidney, intestine, and other tissues.

· Rederivation is preferred to eliminate the virus.

· Contamination of transplantable neoplasms is common.

l.
Mouse Encephalomyelitis
· Small RNA cardiovirus of the family Picornaviridae.

· TO and GD strains I-VII.

· Highly virulent isolates cause acute infection.

· Less virulent strains produce persistent infection of the CNS.

· Has a hemagglutinin.  BHK-21 cells routinely used for iso.

· CS:  characteristic but rarely seen is flaccid paralysis of the rear legs, while tail remains mobile (Fig 31, p. 73).

· SJL/J more prone to develop severe chronic demyelinating dz.

· Virus also replicates in intestinal mucosa and excreted in feces.

· Occurs naturally only in colonies of lab mice w/ the exception of the MGH strain, which has been isolated from rats.

· Dx:  recognition of paralyzed mice.

· Control by destroying animals, wash and disinfect room and equipment, re-introduce virus free stock.

m.
Mouse Adenovirus Infection
· DNA virus produces INIBs in infected cell cultures and animals.

· Does not express hemagglutinins.

· Two strains identified:

· FL (MAd-1) which produces a rapidly fatal infection in suckling mice characterized by necrosis of brown fat, myocardium, adrenal cortex, salivary gland, and kidney.  Type A INIBs.

· K-87 (MAd-2) which is non-pathogenic, tends to localize in the intestine.

· Experimentally inoculated mice can excrete the virus in urine for 2 years.

n.
Polyoma Virus (aka parotid tumor virus)

· DNA virus in the papovavirus B group.

· Highly antigenic in adult mice, neonatal mice develop tumors.

· Polyoma induced tumors are a lab phenomenon.

· Salivary glands are the primary site for tumor development.

5.
Parasitic diseases

a.
Invasive Protozoal Infections

Toxoplasma gondii

· G(-) coccidian parasite, mouse is principle intermediate host, definitive host domestic & wild felids.

· By ingestion of food or water contaminated w/ sporulated oocytes from cats.

· Can cause necrosis, granulomatous inflam of the intestine, mes lymph nodes, eyes, heart, lung, liver and muscles.

· Dx:  CF hemagglutination, IFA, ELISA, Sabin–Feldman dye tests.

Sarcocystis muris - rare or nonexistent

Klossiella muris

· Renal coccidian

· Ingestion of sporulated sporocysts

· Usually nonpathogenic and asymptomatic.

· Gray spots may occur in heavily affected kidneys and reflect necrosis, granulomatous inflamxn, and focal hyperplasia.

· Dx:  detection in tissues

Encephalitozoon cuniculi

· G(+) microsporidian in tissues of mammals

· Direct life cycle

· Organisms proliferate in peritoneal MO.  Usually asymptomatic.

· Giemsa and Goodpasture +, H&E poor

· Spores shed in the urine.

· Obligate intracellular parasite but usually no CS of dz.

· Dx:  cytology of ascitic fluid, histo of brain tissue, and by various skin tests and serological methods.

Pneumocystis carinii, opportunistic infection

b.
Noninvasive Protozoal Infections

Giardia muris

· Pear shaped bilaterally symmetrical org

· Resides in the upper SI, adheres to microvilli of columnar crypt cells.

· CS:  diarrhea, wt loss, distended abdomens

· C3H/He susc, BALB/c more resistant.

· Dx: detection of trophozoites in the SI or ellipsoidal cysts w/ four nuclei in the feces or on histo ID in tissue sections.  Wet preps by characteristic rolling and tumbling movements.

Spironucleus muris

· Common flagellate of intestine, usually inhabits the crypts of Lieberkühn.

· Pear shaped, elongated, bilaterally symmetrical (Fig 32, p. 76).

· CS:  dehydration, hunched posture, diarrhea

· Dx:  small size, no undulating membrane or sucking disc.

· Rx: 0.1% dimetridazole.

Tritrichomonas muris

· Nonpathogenic, in cecum, colon and SI.

Eimeria falciformis

Cryptosporidium muris.  Cryptosporidium parvum.

Entamoeba muris
c.
Helminth Infections

Syphacia obvelata
· Common mouse pinworm, eggs flattened on one side, pointed ends (Fig 33, p. 77).

· Life cycle is direct, complete in 11-15 days.  Females deposit eggs on the skin and hairs of the perianal region.  Ingested eggs liberate larvae in the SI, migrate to cecum w/i 24h.  10-11 days mature and mate.

· Usually asymp, occasionally various intestinal lesions: rectal prolapse
, intussusception, enteritis, and fecal impaction.

· Dx:  eggs usually detected by cellophane tape to the perianal area and then to glass slide.  Adult worms found in cecal or colonic contents.

· Eggs become infective as soon as 6h after laid

· Ivermectin 4.0 mg/kg per day.  4 or 5 day courses in drinking water eliminated pinworms.  LAS 46(3): 286-290.

Aspicularis tetraptera

· Major oxyurid of the mouse

· Eggs laid at night, leave in a mucous layer of fecal pellets.

· Require 6-7 days for eggs to become infective
· Life cycle is 10 - 12 days longer (23-25 days) than S. obvelata.
· Eggs detected in the feces and adults in the large int.

· Immune expulsion of parasites and resistance to reinfection is a hallmark of infestation.

· Fenbendazole 150 mg/kg of feed for 7 continuous days, at alternate wks for 5 wks.  Can eliminate in combination w/ thorough cleaning.  CT 35(2): 69

Hymenolepis nana

· Dwarf tapeworm

· Life cycle direct or indirect.

· Dx:  fecal flotation preps.

· Has rostellar hooks and eggs w/ polar filaments, H. diminuta has unarmed rostellum.
· Can infect humans.

d.
Ectoparasitism

· Lice and mites generally favor the dorsal anterior regions of the body.

· Skin lesions include: pruritus, scruffiness, alopecia, ulceration and pyoderma.

Polyplax serrata (Mouse louse)
· 5 primary life cycle stages.

· Eggs attach near base of hair shafts.

· Direct contact

· Blood sucking.  CS:  dermatitis, anemia, and debilitation.

· Can also transmit E. coccoides.

Myobia musculi (mouse mite)

· DDx:  has an empodial claw on the 2nd pair of legs, Radfordia has two terminal claws on terminal tarsal structure of leg 2.

· Eggs attach at base of hair shafts.

Radfordia affinis (mouse mite)

· Empodial claws (looks like Nixon).  Unequal length.

Myocoptes musculinis (mouse mite)

· Most common ectoparasite of the lab mouse

· Eggs usually attach to middle 3rd of hair shaft.

· Surface dweller that feeds on superficial epidermis.

· (Boxing gloves on 3rd legs)

· Ivomec PO and Atgard completely eradicated both M. musculinus and M. musculi infestations.  CT 36(2): 73-76

Psorergates simplex (mouse mite)

· Invades hair follicle and a cystlike nodule develops.  Dermal cysts appear as small white nodules in the subcutis (Fig 37, p. 81).

6.
Fungal diseases

Trichophyton mentagrophytes
· Major cause of ringworm in mice

B.
Neoplastic Diseases

a.
Lymphoid and Hematopoietic

· Prevalence 1-2 %

· Most common hematopoietic is lymphocytic leukemia, originates in the thymus.
· Myeloid leukemia, not common

· Erythroleukemia, rare

· Reticulum cell sarcomas, common in older mice esp. C57BL & SJL

· Type A sarcomas

· Type B produce a Hodgkin’s-like syndrome

· Plasma cell tumors

· Mast cell tumors, very rare

b.
Mammary (fibrocarcinoma, adenocarcinoma)

· C3H, A, and DBA/2 high natural prevalence

· BALB/c, C57BL, and AKR low prevalence

· Among the most important factors are mammary tumor viruses

· 1( tumor virus MMTV/S (Bittner virus) is highly oncogenic and is transmitted thru the milk.

· Spontaneous mammary tumors metastasize w/ high frequency, property is somewhat strain dependent.

· Metastases go primarily to the lung.

· Some mammary tumors are hormone dependent, some are ovary dependent, and others are pregnancy dependent.  Ovary-dependent tumors contain estrogen and progesterone receptors, whereas pregnancy-dependent tumors have prolactin receptors.

· Mammary tumors categorized morphologically into three major groups; carcinomas, carcinomas w/ squamous cell differentiation, and carcinosarcomas.

· Control or prevention of mammary neoplasms depends on the fact that some strains of mammary tumor virus are transmitted horizontally whereas others are transmitted vertically.

· Can rid mice of horizontally transmitted virus such as MMTV-S by cesarean rederivation or by foster nursing, but endogenous strains of tumor virus may remain.

c.
Liver

Spontaneous tumors usually derived from hepatocytes

d.
Respiratory

· Largely of alveologenic origin

· 95% are pulmonary adenomas that arise from type 2 pneumocytes or from Clara cells lining terminal bronchioles.

C.
Noninfectious Diseases

a.
Liver

· mild focal necrosis w/ or w/o inflammation.

b.
GI tract

· abscesses or necrosis in lips or oral cavity due to fighting or mechanical trauma

· malocclusion

· gastric ulcers

· Cecal volvulus common in germfree mice, caused by rotation of the large cecum.

c.
Pancreas

· acinar cell atrophy

d.
Cardiovascular System

· atrial thrombosis appears strain related, high prevalence in RFM mice.

· Dystrophic mineralization seen as pale focal or linear discoloration on the epicardium.

· High incidence in DBA/2, BALB/c, and C3H

· C57BL/6 lesion free

· Inbred mouse strains w/ a high incidence of DCC include DBA/2 (both), C3H (myo), BALB/c (epicard), C, A, CBA, and CHI.  LAS 46(5): 572-575

· Morphologic Response of Myocardium to Freeze-Thaw Injury in Mouse Strains with Dystrophic Cardiac Calcification LAS 47(1): 11-18.  Calcification of necrotic myocytes (cardiac and skeletal muscle) occurred as early as 2 days after freeze-thaw injury in DBA/2 and C3H/He mice but not in the C57BL/6 control strain.

e.
Genital system

· Ovarian cysts, endometrial hyperplasia.

f.
Urinary System

· Glomerulonephritis one of the most common renal dzs of mice.  Associated w/ persistent viral infections or immune disorders.

· NZB mouse and the F1 hybrid of NZB x NZW crosses develop glomerulonephritis as an autoimmune dz resembling human lupus erythematosus, whereas glomerular dz is relatively mild in NZB mice (NZB mice have a high incidence of autoimmune hemolytic anemia).

· Mice infected w/ LCMV or w/ retroviruses can also develop

· Amyloidosis

· Chronic progressive nephropathy

g.
Endocrine System

· Accessory adrenal cortical nodules

h.
Integumentary System

· Lesions caused by fighting, tail biting, and barbering

· Bite wounds usu. on head, neck, shoulders, peritoneal area, and tail.

i.
Musculoskeletal System

· Dystrophic mineralization, high prevalence in DBA/2

j.
Respiratory System

· Hyperplasia of alveolar or bronchial epi, diff from pulmonary tumors.

k.
Nervous System

· Lipofuscin accumulates in neurons of old mice.

· Melanin deposits in heavily pigmented strains, esp. in frontal lobe.

l.
Hematopoietic and Lymphoreticular System

· Aggregated or nodules of mononuclear cells in many tissues.

m.
Eyes

· Cataracts

n.
Nutritional Diseases

· Chronic essential fatty acid deficiency may cause hair loss, dermatitis w/ scaling and crusting of skin, and occasional diarrhea.  Infertility.  Absolute requirement for linoleic and/or arachidonic acid.

· Mineral deficiencies

· Vit E def can cause convulsions and heart failure, muscular dystrophy.

· Thiamin def associated w/ neurological signs

o.
Misc. Genetic Abnormalities

· Athymic nude mouse fails to develop a thymus and thus has a severe deficit of T cell–mediated immune function.

· A/Jax and B10.D2/0 are deficient in the C5 fraction of complement.

p.
Environmental Variables

· Chloroform has extreme nephrotoxicity for male but not female mice of certain strains
 (see Ch 23).

� Genus in Muridae: MR. ATM (Mus, Rattus, Acomys, Thannomys, Mastomys)


� AP2B VC (All Points Bulletin-VC)


� Mickey Mouse has no Heart


� Pinworms, Helicobacter in nude mice, estrogen


� GPs – Yersinia pseudotuberculosis


� ABCD


� EDIM live, LIVIM die


� TMCH, Helicobacter, estrogen


� Damn Bad Calcification


� Chloroform Causes Heavy Renal Damage (C3H, C3Hf, HR, DBA)
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