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Fish Model

Wafer et al. Fish Lice (Argulus japonicas) in Goldfish (Carassius auratus), pp. 93-95

Tertiary Species: Other Fish

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

SUMMARY

Background
Fish Lice (Argulus spp.)

· >100 different species that infest salt and fresh water fish worldwide

· Physical characteristics

· Compound eyes, sectorial proboscis, 2 anteroventral prominent sucking discs, 4 pairs of thoracic swimming legs, a laterally expansive carapace

· Direct life cycle (~30-100days)

· Mating occurs on host

· Female drops off host and lays 1-9 stings of 5-226 eggs on a hard substrate.

· Eggs hatch between 10-61 days (depending on water temperature)

· Larva attach to host

· Dioecious – distinct male and female forms

· 3 most common fresh water species

· Argulus folaiceus
· Argulus coregon
· Argulus japonicas
· Native to Asia but found worldwide due to transportation of ornamental fish

· Typical hosts are Goldfish (Carassius auratus) and Koi carp (Cyprinus carpio)

· Can be a vehicle for other fish pathogens such as Rhabdovirus carpio, larval nematodes, and Saprolegnia (a fungus)

· Clinical signs

· Heavy infestations can cause significant morbidity and mortality

· Non-specific signs of infection: pinpoint hemorrhage, anemia, scale or fin loss, increased mucous, lethargy, erratic swimming, poor body condition.

· May see rubbing of body against hard surfaces

· Treatment

· There are no FDA-approved drugs for treatment

· Manually remove lice (effective in low parasite burdens)

· Organophosphates are the most effective treatment and will kill larva and juveniles

· Diflubenzuron

· Restricted-use pesticide

· Interferes with molting of exoskeleton effectively killing larva and adults

· Egg can be cleaned from tanks with disinfectants or allowing tanks to dry for several days


 

QUESTIONS
1. 
What is a restricted use pesticide?

2. 
What is the genus and species of Goldfish?
 

ANSWERS
1. 
A restricted use pesticide is a classification of pesticides by the Environmental Protection Agency that may only be applied by or under the direct supervision of a trained and certified applicator.

2. 
Carassius auratus
 

 

Mouse Models

O’Connell et al. Practical Murine Hematopathology: A Comparative Review and Implications for Research, pp. 96-113

Primary Species: Mouse (Mus musculus)

Domain 1; T3 - Diagnose disease or condition as appropriate

Murine Hematology:  General Considerations
Preanalytic Variables:

· Sex, strain, age, altitude, vendor, and environmental variables such as diet, housing, and SPF status of colony need to be considered and standardized as much as possible

· Mice consume less water while fasting resulting in hemoconcentration
· Propensity of mouse platelets to clump makes appropriate sample collection and handling methods particularly important

Features of Peripheral Blood:

· Mice have small RBCs compared with other mammalian species and lifespan of RBCs and platelets is shorter

· Mice maintain a somewhat regenerative state, normally having between 1% to 6% circulating reticulocytes resulting in polychromasia and slight anisocytosis

· “Ringform” nuclear morphology is a normal feature of mouse neutrophils, eosinophils, and monocytes
· Mice have high platelet counts (9 to 16x105/μL) compared with other mammals

Features of Bone Marrow:

· Preparation of bone marrow samples for cytology is best accomplished by using the “paintbrush” technique
· Bone marrow cellularity is higher for mice than other species and does not decrease with age

Features of Spleen:

· Spleen is the primary site for iron storage and remains an active site for extramedullary hematopoiesis throughout life
· Spleen should be evaluated in addition to the bone marrow to fully characterize hematologic phenotype of mice

High Quality Blood Sample Collection
Volume:

· Maximal volume that can be safely collected at a single survival time point is 200 μL
· Maximal collection of 15% blood volume with a 4-week recovery period has been recommended

Collection Site:

· Submandibular venipuncture is recognized to obviate need for anesthesia
· For terminal samples, cardiocentesis can be performed in sufficiently anesthetized mice and when performed quickly and efficiently, enables the collection of large sample volumes without platelet clumping

Sample Handling:

· EDTA (K2 or K3) causes less postcollection platelet clumping and provides better staining characteristics than heparin

· EDTA is preferred anticoagulant for most automated analyzers

· For greatest accuracy, blood films should be prepared and samples analyzed by automated methods within 4 hr and not longer than 24 hr

· To avoid cellular morphology artifacts, blood films should be allowed to dry fully (at least 30 to 45 minutes) before staining
· Air-dried, unfixed slides can be saved for future use

Reference Intervals: Single best way to detect an important hematologic phenotype is to generate concurrent age-, strain-, and sex-matched controls for experiments and by using consistent sample collection and analysis methodologies

Peripheral Blood:  General Considerations and Responses to Disease
Erythrocytes in Health and Disease:

· Hematocrit ranges from 35% to 52% and in general, should be 3 times the hemoglobin level

· Red cell distribution width (RDW) reflects variation in RBC size and fluctuates greatly depending upon instrumentation

· Anisocytosis is a common feature because of the normal presence of polychromatophilic cells, which are larger than mature RBCs, and is reflected in the RDW value

· Mouse RBCs have half-life of 38 to 52 days, which is shorter than that in humans and other veterinary species
· Low numbers of nucleated RBC precursors or metarubricytes (<5% nucleated cells) can occur in peripheral blood films of healthy mice

Leukocytes in Health and Disease:

· Typical WBC count is 2000 to 10,000/μL; lymphocytes are predominant in most strains and make up 70% to 80% of WBC count; neutrophils account for 20% to 30% of WBC count

· Automated total WBC counts are more precise and accurate than manual counts; however, reviewing the blood films is an important quality-control check, especially when results are beyond the normal range

· Automated analyzers tend to undercount monocytes and often will not differentiate atypical lymphocytes, granulocyte types, bands and early myeloid precursors, nucleated RBCs, or neoplastic cells

· Vacuolated lymphocytes can be seen in murine lysosomal storage disease models and in drug-induced phospholipid accumulation

· Unique features of mouse neutrophils include “ringform” and “figure 8” nuclei and high numbers of nuclear indentations, which can be mistakenly interpreted as hypersegmentation

· Neutrophils have a small storage pool and a 7 to 10 hr circulating half-life

· Bone marrow is the predominant site for increased granulopoiesis during acute inflammation, whereas the spleen is the predominant site for increased erythropoiesis during acute erythropoietic responses

· Basophils are rare in mice and must be differentiated from mast cells, which occasionally are present in the circulation of mice with inflammatory disease, necrosis, tissue injury, or severe regenerative anemia

· Mast cells are larger than basophils and have round, nonsegmented nuclear morphology and more dense metachromatic granules

· Monocytes are the largest leukocyte and typically make up less than 2% of total WBC
· Mouse monocytes have a 17 hr half-life in circulation; 40% of the population is circulating and 60% is marginated

Platelets:

· Lifespan of platelets is shorter in mice (~5 days) than in other species

· Mice may have circulating giant platelets or megaplatelets that are equal in size to or larger than an RBC

· Giant platelets increase in number in response to accelerated hematopoiesis and this morphology is correlated with an increased MPV

Automated Methods in Mouse Hematology
· Mice have several physiologic variables that may decrease the efficacy of automated analyses including small RBC, relatively high numbers of circulating immature and nucleated RBC, variable leukocyte morphology, and platelet clumping.  Therefore, manual leukocyte differential and blood film review are still warranted.
· Physiologic and genetic manipulations commonly done in mice can lead to unpredictable changes in hematologic parameters.  Consultation with a “blinded”, well-trained observer familiar with veterinary, and particularly murine, hematology is important to detect and correctly interpret changes.

Methods for Collecting Quality Samples and Analysis of Bone Marrow
Collection for Cytology:

· Samples should be collected immediately postmortem from sternum or femur
· The bone (usually the femur) is bisected lengthwise by using a clean razor blade.  A small paintbrush dampened with PBS is gently brushed along the marrow surface to collect cells.  The collected cells are brushed gently lengthwise along a slide in long rows as the brush is rotated for each row to deposit the cells in a monolayer.

Collection for Histology:

· Bone marrow from sternum, vertebrae, humerus, or femur can be collected for histology

· Excess decalcification should be avoided to preserve cellular morphology

· Decalcification may not be necessary before sectioning very small bones
· Bone marrow histology is most useful for assessing architecture, overall cellularity, neoplastic infiltrates, and myelofibrosis

Bone Marrow:  General Considerations and Responses to Disease
· Histopathology is best used to assess overall cellularity and architecture and to identify necrosis, inflammation, or infiltrative diseases

· Cytology is especially useful when circulating atypical cells have been detected and when erythrocyte indices suggest abnormal hematopoiesis

· Normal myeloid:erythroid (M:E) ratio in mice ranges from 0.8 to 2.8:1 (average, 1.5:1)

· Cellular maturation should be complete and orderly for all lineages
· Emperiopolesis (passage of an intact leukocyte through another cell) is a normal finding in megakaryocytes and is common in bone marrow from mice

Erythroid Lineage
· Erythropoiesis begins in erythroblastic islands, which consist of a central “nurse” macrophage surrounded by RBC at various stages of differentiation
· Erythroid precursors can comprise 20% to 50% of the total nucleated cell count (TNCC) in bone marrow and with normal maturation the more mature forms are present in greater numbers than the immature forms

Myeloid Lineage
· Myeloid precursors account for 30% to 50% of the TNCC
· Mature forms should outnumber immature forms

Splenic Extramedullary Hematopoiesis: Because the major hematopoietic tissue of mice include bone marrow, spleen, and to a lesser extent, liver, analysis of these tissues should be included with CBC and blood file review for complete hematologic evaluation

QUESTIONS
1. 
____________________ nuclear morphology is a normal feature of mouse neutrophils, eosinophils, and monocytes.
2.
Mouse RBCs have half-life of________________, which is shorter than that in humans and other veterinary species.
ANSWERS

1.  “Ringform” 
2. 38 to 52 days
Paik et al. Effects of Murine Norovirus on Atherosclerosis in Ldlr-/- Mice Depends on the Timing of Infection, pp. 114-122

Domain 1: Management of Spontaneous and Experimentally Induced Diseases

Primary Species: Mouse (Mus musculus)
 

SUMMARY: This study examined the timing of MNV (specifically MNV4) infection with development of atherosclerotic lesions in Ldlr-/- mice. Mice that received MNV 3 days after start of atherogenic diet did not have significantly different atherosclerotic lesion size, as opposed to a previously study’s findings. MNV4 however did increase the potential of macrophages to take up and store cholesterol by increasing CD36 expression while suppressing the ABCA1 transporter. This group concluded that the effect of MNV on the size of atherosclerotic lesions is timing-dependent -- MNV only promotes established lesions. 

 

QUESTIONS
1.
What do Ldlr knockout mice have elevated serum levels of?     

2.
What does Ldlr stand for?      

3.
What family of viruses does MNV belong to?     

4.
What cell type does MNV have a tropism for?  

 
ANSWERS

1. Cholesterol (200-400mg/dl)
2. Low density lipoprotein reception
3. Caliciviridae
4. Macrophages
Johnson et al. Abdominal Distension and Escherichia coli Peritonitis in Mice Lacking Myeloid Differentiation Factor 88, pp. 123-126

Domain 1; Task T3

Primary Species: Mouse (Mus musculus)
SUMMARY: When mice are deficient in in myeloid differentiation factor 88 (myD88) they are commonly used in models of inflammatory bowel disease and diabetes. MyD88 is a signal transduction molecule for Toll-like receptors (TLR) and IL1 family receptors necessary for innate immunity. When this protein is lacking mice are especially to gram-negative bacteria. 3 mice in a colony presented with abdominal distension and were euthanized for necropsy. The abdomen contained viscous exudative ascites, the diaphragm was thickened, and there were varying degrees of adhesions in the cranial abdomen with hepato and splenomegaly. Cytology of the exudate identified gram-negative bacilli and a culture grew B-hemolytic E. coli. Histopathology findings were consistent with cranial abdominal peritonitis including mesothelial cell proliferation and hypertrophy in the cranial abdomen, hepatic pyogranulomatous inflammation, white pulp hyperplasia in the spleen and edema and inflammation of the mesentery. 

Studies have shown that loss of MyD88 allows for increased translocation of intraintestinal bacteria to extraintestinal tissues. This is achieved through a variety of effects including increased numbers of mucus associated bacteria, down-regulated expression of antimicrobial peptides and increased intestinal permeability. Dendritic cells extend processes from the lamina propria to phagocytose intraluminal bacteria. A definitive cause for why B-hemolytic E. coli led to peritonitis was not found. 

QUESTIONS
1. Mice deficient in MyD88 are susceptible to what kind of bacteria?

2. What were the predominant gross findings in this case?

3. Mice deficient in MyD88 are used in what forms of models?

1. ANSWERS
2. β-hemolytic E. coli 
3. The abdomen contained viscous exudative ascites, the diaphragm was thickened, there were varying degrees of adhesions in the cranial abdomen with hepato and splenomegaly

4. models of inflammatory bowel disease and diabetes

Hamster Model

Coble et al. Histiocytic Sarcoma and Bilateral Facial Vein Thrombosis in a Siberian Hamster (Phodopus sungorus), pp. 127-132

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

T3. Diagnose disease or condition as appropriate

 Primary Species: Other Rodents
 

SUMMARY: Histiocytic sarcoma is a malignancy with morphologic and immunophenotypic features similar to those of mature histiocytes.  This disease is uncommon in the human population, but has been diagnosed in animals including mice, rats, cats, dogs, rabbits, and camels. The authors here present the first known case of Histiocytic sarcoma in a Siberian hamster.  A 21 month old, 32.2g Siberian hamster being used solely for breeding, presented for substantial left-sided facial swelling, proptosis of the left eye, and right sided blepharospasm.  After unsuccessful NSAID treatment, euthanasia was elected and a necropsy performed.  Major gross findings included exophthalmos and presumptive hyphema of the left eye, diffuse nodules within the abdomen, and a large mass located at the cranial pole of the right kidney.  Additionally the spleen was diffusely enlarged and focally expanded in the center by a white mass. Histopathologic analysis revealed that the abdominal and renal masses were different neoplasms.  Abdominal masses were determined to be foci of histiocytic sarcoma.  Renal mass was a well-differentiated renal cell carcinoma. Histopathologic evaluation of the cranium at the level of the caudal orbit showed bilateral ophthalmic vein involvement and chronic thrombi that extended into the major draining veins. Neoplastic cells were moderately to strongly labeled by anti-CD163 but not by anti-cytokeratin or anti-vimentin, suggesting that the neoplasm was derived from macrophages instead of either epithelium or mesothelium

 

QUESTIONS
1. 
What combination of positive and negative staining would you expect with CD163, cytokeratin, and vimentin IHC on a histiocytic sarcoma section?

2. 
What is CD163 a cellular marker of?

a. 
Monocytes and histiocytes

b. 
Histiocytes alone

c. 
B-cells

d. 
A hemoglobin scavenger receptor protein

e. 
a and d


 

ANSWERS
1.
CD163+, cytokeratin -, vimentin –

2.
e

Bat Model

Snyder et al. Hepatic Lipidosis in a Research Colony of Big Brown Bats (Eptesicus fuscus), pp. 133-139

Domain 1

Tertiary Species: Other Mammals
 
SUMMARY
Introduction: The big brown bat (Eptesicus fuscus) is an insectivorous species with relies on echolocation for hunting food and navigating.  They are often used in biomedical research studies on spatial memory, flight dynamics, and echolocation.  

 

Materials and Methods: The affected colony consists of wild-caught big brown bats from North Carolina and their captive bred offspring.  The population ranges from 150-275 bats from year to year.  The bats are group housed in cloth draped dens and fed daily with live mealworms (enhanced diet given to mealworms).  Temperature and light controlled enclosure and during winter torpor is induced with a concurrent decrease in food consumption.  Rabies testing is performed at least annually and more frequently if newly caught bats are introduced or on any unexpected mortalities.  A search of colony records from August 2004-December 2013 identified 229 deceased adult and juvenile bats.  Necropsy details were available for 45 cases.

 

Case Report: Between August 2004- March 2005, 26 bats (16 female, 9 male and 1 sex unknown) were either found dead or euthanized due to poor condition or prognosis although not all animals were necropsied.  Of the 15 adults necropsied, 10 showed evidence of hepatic lipidosis (7 females, 2 males, 1 unknown).  This incidence of mortality was attributed to elevated stress due to enclosure disruption by construction noises.  Decreased food intake and guano production could be coordinated back to the environmental perturbations and the colony was moved to an indoor enclosure.  However the perturbations were not completely mitigated by this action and it was also later discovered that a light cycle timer had malfunctioned exposing the bats to continuous light.  

Additional cases were noted from 2006-2013, although the percentage of mortalities which could be attributed to stress-induced hepatic lipidosis was less than the initial incident (11 more mortalities diagnosed with hepatic lipidosis).  

 
Pathologic Findings: Of the 45 total necropsies performed on all cases from 2004-2013, 21 total cases showed evidence of severe, diffuse hepatic lipidosis.  Some bats were icteric and had regionally extensive petechiation, eccymoses on webbing and skin.  Livers were large, pale yellow/tan, and friable with rounded edges.  There was also little to no feces in the intestine and a lack of stomach content.

Additional abnormalities identified on necropsy in the 24 bats that did not have hepatic lipidosis included: fight wounds, arthropathy, mastitis, enteritis, uterine prolapse and pneumonia.

 

Discussion: Over a 9 year period, 21 cases of mortality in this colony could be attributed to hepatic lipidosis, with 19 of the 21 cases occurring after exposure to an environmental stressor such as nearby construction or capture (although this finding was also associated with other systemic illness or conspecific trauma).  They hypothesize that big brown bats respond to stress-induced anorexia by liberating peripheral fat lipid stores, which are absorbed by the liver.  Hepatic lipidosis occurs when the rate of triglyceride accumulation overwhelms the degradation capacity resulting in hepatocyte degeneration and decreased production of proteins (including clotting factors leading to hemorrhage), and hepatic distension causing cholestasis (hyperbilirubinemia leading to clinical icterus).  This fatal-fasting-like syndrome is also seen in cats and NHPs.  Treatments effective in cats, such as carnitine or S-adenosyl methionine were not attempted and have been described in the literature to treat vespertilinoid bat species.  However, removing the stressor, supplementing nutrition and handfeeding ill animals seemed helpful considering big brown bats appear to be particularly susceptible to stress-induced anorexia and hepatic lipidosis.

 
QUESTIONS
1. To what family does the big brown bat belong? 

a. 
Chiroptera
b. 
Rodentia
c. 
Vespertilionidae
d.   None of the above
2. T/F: Bats are used in research studies on spatial memory. 

3. T/F: Pregnant big brown bats (Eptesicus fuscus) have a relatively low rate of twinning.
ANSWERS
1. 
c

2. 
T
3. 
F


Nonhuman Primate Models
Rosen et al. Comparative Immunohistochemistry of Placental Corticotropin-Releasing Hormone and the Transcription Factor RelB-NF(B2 Between Humans and Nonhuman Primates, pp. 140-143
Domain 3: Research; K3 (animal models)

SUMMARY:  The precise mechanisms that regulate uterine activity during pregnancy and labor are not fully known.  Corticotropin-releasing hormone (CRH), produced by the placenta, is thought to regulate the length of gestation.  The transcription factor RelB-NFkB2, activated by the noncanonical NFkB pathway, positively regulates CRH and prostaglandin production in the term human placenta, and may have a role in the timing of human parturition.  Immunohistochemical staining patterns were compared between human and 4 non-human primate species.  Catarrhine (but not platyrrhine) NHP term placentas demonstrated the same CRH staining and nuclear localization patterns of RELB and NJkB2 as does human placenta.  

 

QUESTIONS
1. 
True or False: Both chimpanzee and human placentas show an exponential increase in maternal blood levels of CRH as pregnancy progresses. 

2.
Which 2 species listed below had both nuclear Rel1B and NFkB2 staining identified in term placentas? 

a. 
Marmosets and baboons

b. 
Rhesus macaques and marmosets

c. 
Chimpanzees and rhesus macaques 

3.  
True or False: Unlike humans, baboons and rhesus macaques display a mid-gestational peak in placental CRH expression. 

 

ANSWERS
1. 
True 

2. 
c. Chimpanzees and rhesus macaques

3. 
True

Mezzles et al. Osteosarcoma in Baboons (Papio spp), pp. 144-149
 
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions
Secondary Species: Baboons (Papio spp.)
 
SUMMARY: Osteosarcoma is an infrequently documented neoplasm among NHP, and it is particularly rare in baboons (Papio spp.), with only one confirmed case of osteosarcoma previously described in the literature. Over a 12-y period, 6 baboons (Papio spp) with a confirmed case of naturally occurring osteosarcoma have been identified at a national primate research center. 3 lesions affected the appendicular skeleton, and the remaining 3 were in the head (skull and mandible). The 6 cases presented were identified in members of a large outdoor-housed breeding colony. The subjects were not genetically related or exposed to the same research conditions. Diagnoses were made based on the presentation and radiographic findings, with histologic confirmation.
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Figure 1: Radiographic images from cases of baboon osteosarcoma. (A) Case 2. Expansile lesion on skull. (B) Case 3. Osteoproliferative growth on left femur. (C) Case 5. Osteoproliferative growth of mandible. (D) Case 6. Osteolytic region of right leg.
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Figure 2: Pathology findings from cases of baboon osteosarcoma. (A) Case 2. Expansile lesion on skull. (B) Case 2. Metastatic foci in lungs (arrows), (C) Case 4. Irregular, sessile palantine mass. (D) Case 5. Osteoproliferative growth of mandible. (E) Case 2. Area of anaplastic sheets of cells with osteoid formation (*) and mitotic figures (arrows). (F) Case 4. Palantine osteosarcoma. Moderately cellular interlacing bundles of neoplastic cells with osteoid formation (arrows) and islands of woven bone (*).

 

QUESTIONS
1. 
What is the histologic feature necessary for a diagnosis of osteosarcoma?

a. 
Presence of osteoid or bone production by neoplastic cells
b. 
Spondylolysis
c. 
Presence of fibrous tissue
d. 
Presence of active osteoblasts cover
2. 
What are the most common lesion sites for osteosarcoma?

a.  
Proximal humerus, distal radius
b.  
Proximal tibia, distal femur
c.  
Distal humerus, proximal radius
d.  
Distal tibia, proximal femur
e.  
Both a& b
3. 
What is the typical presentation associated with osteosarcoma?

a. 
Lameness in the affected limb
b. 
Lethargy
c. 
Anorexia
d. 
All of the above  
 

ANSWERS

1. 
a

2. 
e

3. 
d
