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Mouse Models

Bewley. Animal Models of Q Fever (Coxiella burnetii), pp. 469-476

Domain 3: Research; Task K3: Animal models 
Primary Species: Mouse (Mus musculus) and Macaques (Macaca spp.)
Secondary Species: Guinea pig (Cavia porcellus)
 
Summary:  Coxiella burnetii , an obligate intracellular organism, has several forms and clinical manifestations.  In humans, the disease ranges from acute to chronic illness.  In acute symptoms such as fever and headache predominate, but in severe cases, atypical pneumonia can be seen.  In chronic disease, endocarditis can be fatal without treatment.  Two other clinical manifestations are also important: Q fever during pregnancy and Q fever fatigue syndrome.  During the first trimester of pregnancy, the abortion rate can reach 100% without proper treatment.  Individuals who had acute Q fever may develop chronic fatigue syndrome. This may last between 5-10 years. Researchers believed it to be immunologically mediated rather than the organism itself.  
Human outbreaks have been associated with the birth products of farm animals, but transmission with the birth products of cats has been documented.  Transmission occurs via inhalation of infectious aerosols and coupled with the low infectious dose (only a single organism) have resulted in it being listed as a category B biologic warfare agent.  
Vaccination (Q-Vax) is formalin-inactivated whole cells produced in chick embryos.  Pre-screening is necessary due to severe local reaction.  The vaccine is also hazardous to produce; requiring BSL-3, therefore a need for a vaccine that does not require pre-screening and is safer to produce exists.  
The organism displays antigenic phase variation due to differences in LPS.  Phase I includes the components of Phase II.  Phase II are observed only in chick embryo or cell culture systems. Phagocytosis of Phase I and not Phase II organisms is believed to prime the immune response and explain the limited protection of vaccines.   The organism also displays two morphologic forms: large-cell and small-cell variants that differ in the proteins expressed on their surface.  The small-cell form is the transmissible form and the large-cell form is the replicative form.  
Models of acute Q fever include mice and guinea pig.  Mice exhibit minimal signs of infection compared to human.  The A/J strain is most susceptible with mortality up to 70% and the BALB/c strain also was reliably infected, but with no mortality.  Vaccine tests show that Phase I formalin-inactivated whole cell (given IP) offered greater protection than Phase II antigen-based vaccine.  Mice are the model of choice regarding the immunology of Q fever.  Guinea pigs are more susceptible to infection than mice. The guinea pig model with aerosol delivery is regarded as the model of choice.
Models of chronic Q fever include mice and guinea pig.  Pregnant BALB/cJ mice mimicked findings in human pregnancy including abortion and chronic infection leading to endocarditis.  Chronically infected genetically modified mice with increased IL10 displayed similar lesions in tissues as human chronic patients.  A common side-effect of vaccination is severe local skin reactions. The model to use for vaccine development and hypersensitivity is the Hartley guinea pig.  A refinement of this was to use a hairless guinea pig model subcutaneously.  This avoided injections into the footpad of the Hartley.  
Non-human Primate models of Q fever included using cynomolgus for aerosol exposure with similar clinical signs as human disease and later were used to evaluate formalin-inactivated whole cell vaccine.  Later studies compared the use of rhesus with cynomolgus macaques.  Pulmonary changes were greater in cynos, but rhesus had a stronger bacteremia that lasted longer than their counterparts.  
This study was largely incomplete and did not include pathology or necropsy results.  Cynos were used to compare the formalin-inactivated whole cell vaccine with a chloroform:methanol residue vaccine. The results shine light on the possibility of using a chloroform: methanol residue-based vaccine to effectively immunize humans without the need to prescreen for sensitivity.  
QUESTIONS:
1. Q fever is transmitted from animal to human by:

a. Oral-fecal route

b. Inhalation of aerosol

c. Bite wound

d. Contact with birth products of infected animals

2. The animal model of choice to study chronic Q fever is:

a. Hartley guinea pig

b. A/J mouse

c. Cynomolgus macaque 

d. BALB/c mouse

3. T/F: Phase II vaccines were more effective in providing protection than Phase I vaccines?

ANSWERS:
1. b
2. d
3. F

Adamson et al. Hypothermic Endpoint for an Intranasal Invasive Pulmonary Aspergillosis Mouse Model, pp. 477-481

Domain 1

Primary Species: Mouse (Mus musculus)
SUMMARY: Invasive pulmonary aspergillosis (IPA) is one of the most severe and often fatal complications associated with human patients undergoing immunosuppressive treatment. The authors originally tested the efficacy of an aspergillus vaccine using a mouse model of IPA but later became interested if hypothermia associated with infection correlated to poor chance of survival (main focus of publication, retrospective analysis). Body temperature (BT) measurements as a predictor of death have been used in other infectious disease research in mice, but the cut-off temperature for the study endpoint varies significantly depending on the actual infectious agent. Specific pathogen free (SPF) female CF1 mice (6-8wks old) were vaccinated for Aspergillus fumigatus or appropriate controls followed by a booster two weeks later. Six weeks after the initial vaccination a subset of animals was immunosuppressed using either cortisone acetate or a neutrophil-depleting antibody (antiGR1). Twenty-four hours later all mice were anesthetized and inoculated intranasally with A. fumigatus. Mice were monitored every two hours during the day for the first seven days, then at least once daily starting on the eighth day. All BT measurements in the study utilized a hand-held infrared thermometer which measures surface temperature of the animals (non-invasive alternative to core temperature via the anus). BT was measured at three different points on the abdomen (and averaged) up to three times per day.


Starting on day two post inoculation, the BT of mice that died throughout the experiment varied significantly from those that lived. The greatest decrease in BT occurred on day three, which is when the vast majority of nonsurviving mice were euthanized or found dead. As a single reading, a BT of 28.8⁰C had a sensitivity of 92.2% and specificity of 90.9% for predicting death. Overall, a BT <29⁰C correlated to a poor chance of survival; temperature cut-off coupled with signs of morbidity (hunched posture, ruffled coat, respiratory distress) reliably indicated mice that should be euthanized without negatively affecting data collection. 

QUESTIONS
1. 
Hypothermic endpoints vary depending on –

a. 
Infectious agent being tested

b. 
Temperature recording device

c. 
Specific animal model being tested

d. 
All of the above

2. 
Surface body temperature is normally –


a. 
Higher than core body temperature


b. 
Equal to core body temperature


c. 
Lower than core body temperature


d. 
Surface body temperature has no relationship to core body temperature

3. 
Choose the one true statement regarding invasive pulmonary aspergillosis (IPA).

a. 
Most common in immunosuppressed individuals and generally has low mortality/morbidity

b. 
Most common in immunosuppressed individuals and generally has significant mortality/morbidity

c. 
Most common in immunocompetent individuals and generally has low mortality/morbidity

d. 
Most common in immunocompetent individuals and generally has significant mortality/morbidity

4. 
Regarding selection of body temperature (BT) as a humane endpoint for a novel study 
a. 
Surface BT is not reliable as a humane endpoint for infectious disease models

b. 
Surface BT of 28⁰C is a useful endpoint for most infectious disease models

c. 
Surface BT of 25⁰C is a useful endpoint for most infectious disease models

d. 
Pilot data should be collected prior to starting any novel study to determine the BT cutoff

5. 
Which one of the following best describes the mortality associated with invasive pulmonary aspergillosis?

a. 
Acute, less than 12 hours

b. 
Acute, 24-72 hours

c. 
Chronic, greater than 120 hours

d. 
There is no significant mortality associated with invasive pulmonary aspergillosis

ANSWERS
1.
d

2.
c

3.
b

4.
d

5.
b
 
 

Lalwani et al. Contrast Agents for Quantitative MicroCT of Lung Tumors in Mice, pp. 482-490

Domain: 1 & 3

Primary Species: Mouse (Mus musculus)

SUMMARY: To study lung cancer in vivo human tumor derived cells are subcutaneously injected into immunodeficient mice (xenografts). Xenografts are not ideal models as tumor microenvironment has been shown essential in predicting cancer cell survival, progression, metastasis, and response to therapy. As an alternative, tumors have been propagated orthotopically by either direct injection of tumor cells into an organ, IV injection of tumor cells, or implantation of patient-derived tumor biopsy samples into immunodeficient mice. These models more closely resemble human clinical cancer than xenografts. While these models are advantageous, use has been limited due to heterogeneity and technical difficulties of monitoring disease progression. Conventional optical imaging provides low spatial resolution, limited tissue penetration and rarely accommodates reporter genes (luciferase or fluorescent proteins). Nuclear imaging (PET and MRI) has been used, but are not available in all facilities, require special laboratories and do accurately quantify nodular tumors. X-ray CT has assesses lung tumors in humans to predict malignancy and monitor response to therapy. Response Evaluation Criteria in Solid Tumors (RECIST) scores from CT imaging data are used clinical trials and practice. High-resolution microCT (μCT) scanners have been used to image lung tumors in rodents. Natural air-tissue contrast within the thorax was used to identify tumors; this method did not distinguish tumor and soft tissue from vascular structures decreasing accuracy of tumor margin demarcation and tumor volume measurements. 
This study compared 3 commercially available μCT contrast agents (iopamidol, iodinated lipid, and inorganic nanoparticulate) to evaluate and quantify lung tumors in preclinical rodent models. Compared with the saline controls, iopamidol and iodinated lipid agents provided mild increases in contrast resolution. Inorganic nanoparticulate agent, however, provided best contrast and visualization of thoracic vascular structures. Density contrast w as highest at 15 min after injection and stable for > 4 hrs. Differential contrast of the tumors, vascular structures, and thoracic air space by the nanoparticulate agent enabled identification of tumor margins and accurate quantification. Treatment of ELM4-ALK mice with crizotinib yielded 65% reduction in tumor size and demonstrated utility of quantitative μCT in longitudinal preclinical trials. The nanoparticulate product was the best contrast agent for tumor visualization and quantitation.

QUESTIONS
1.
RECIST stands for

a.
Response Evaluation Critique in Solid Topography

b.
Response Evaluation Criteria in Solid Tumors

c.
Responsible Examination Criteria in Surface Topography

d.
Reactive Evaluation Criteria in Surface Tomography

2. 
True/False: High-resolution microCT (μCT) scanners have been used successfully to image lung tumors in rodents.

3. 
Which of the following was identified as the best commercially available contrast agent for MicroCT?

a. 
Iopamidol

b. 
Iodinated lipid

c. 
Saline

d. 
Inorganic nanoparticulate

ANSWERS
1. 
b. Response Evaluation Criteria in Solid Tumors 
2. 
True 
3. 
d. Inorganic nanoparticulate

Zombeck et al. A Clinically Translatable Mouse Model for Chemotherapy-Related Fatigue, pp. 491-497

Domain 3: Research; T3. Design and conduct research ; K2. research methods and equipment

Primary Species: Mouse (Mus musculus)
SUMMARY: Debilitating fatigue is one of the most common effect-side of cancer treatment. Few models of cancer-related fatigue (CRF) have been reported, and the data obtained are a bit far of following CRF of human cancer patients. Authors tried to design and performed a mouse model of CRF that reproduce the debilitating state of cancer patient under chemotherapy by doxorubicin. 

For assessment of CRF-mouse model, the study used a n=60 7-wks-aged female Hsd-ICR, divided in 3 groups for a long of 30 experimental days. Doxorubicin group received 4 intra-peritoneal doses of 2.5 mg/kg: on day 1, 3, 7 and 12 (total of 15mg/kg). Wheel-running, rotarod and open field exercise evaluating techniques defined the grade of CRF induced by chemotherapy drug. Due to previous described models pointed a severe anemia after cancer therapy, CBS count were measured along the study. To obtain a translational validation, author tried to evaluate the efficiency of a novel drug focused to ameliorate the impact of CRF in human cancer treatment: Modafinil. For this purpose,  48 female CD1 mice were included to test the Modafinil effect on the doxorubicin-treated mice and thus, predicting the validity of the model.

The studied showed that doxorubicin administration involved a significant decrease in the wheel-running activity which was more evident during the afternoon.  As it happens in human patients, the debilitating fatigue affects the vitality progressively along the day; so, this finding support the induction of fatigue on mice. The other tests (rotarod and open field) did not show any different between control and treated group. None of the treatment suggested any evidence of circadian rhythm alteration or significant impact on CBS count. Mice treated with doxorubicin showed a important loss of weight induced by cachexia or anorexia, what could be a good indicator of animal health (which contribute to fatigue state). Finally, Modafinil treatment displayed an important activity increase in every compared group.

As a conclusion, author support the validity of their CRF mouse model in which mice display a similar behavior observed in the clinic of human cancer patients: decrease of motivation to engage in activity, increase need to rest, diminished energy and post-exertional malaise. Besides, the reduction in activity persisted beyond the cessation of the treatment (in absence of anemia or ataxia).

QUESTIONS
1. 
T/F: Voluntary physical activity is particular appropriate test for fatigue because it is commonly diagnosed by patient self-report and is a sign independent of a stressful stimuli.

2. 
Define the test included in the study to evaluate CRF:
3.
T/F: Home-cage activity as measured by video recording or telemetry device capture the entire circadian rhythm and fatigue better than wheel-running.

4. 
Which effect-sides is linked with doxorubicin treatment:
a.
Cardiac toxicity

b.
Fatigue

c.
Muscular weakness

d.
All the above

ANSWER
1. 
True
2. 
Wheel-running: Mice are housed individually in standard shoebox type cages that are equipped with running wheels of 11.5cm in diameter. To determine the animal activity, wheel rotation is monitored continuously in 15-min increments via magnetic reed switches that interfaces with a computer running software that calculate the covered-distance.


Rotarod: this test is focused to determine the motor dysfunction. Mice are placed on a stationary dowel that accelerates at a rate until the animal fall off or a certain set time has elapsed. the procedure should be repeated several trial with a specific inter-trial interval.


Open Field: Mice are placed in an open-field chamber (with a enough wide area) and they are recorded (during a previous established timing) to evaluate their behavior and the covered-distance, using a specific computer program.

3. 
False: Wheel running is more sensitive to estimate fatigue.

4. 
d. All the above

Rat Model
Wilson-Gerwing et al. Age-Related Differences in Collagen-Induced Arthritis: Clinical and Imaging Correlations, pp. 498-502
 

Domain 1, T3: Diagnose disease or condition as appropriate 

Domain 3, T1: Facilitate or provide research support

Primary Species: Rat (Rattus norvegicus)
 

One-Line Synopsis: Using µCT and ultrasonograpy, the authors were able to demonstrate that in a collagen-induced arthritis (CIA) rat model, lesions produced were age-related with 91 day old animals showing more severe lesions. 

 

SUMMARY: Juvenile (35 day old) and young adult (91 day old) Wistar rats were immunized with bovine type II collagen and incomplete Freund’s adjuvant to induce polyarthritis.  The rats were given 2 intradermal injections 1.5cm apart at the base of their tails.  Two weeks after injections the hind paws were removed and scanned using µCT and ultrasonography.  
From their studies, the authors confirmed their hypotheses:

1. These imaging devices can be used to provide additional information on the lesions developed in the animals.

2. The progression of the disease is age-related with increasing severity seen in the older animals.  

The lesions were more widespread in the older animals and more localized with less proliferative and osteolytic damage in the younger animals.

 

QUESTIONS
1. What anatomical structures are most commonly affected by collagen-induced arthritis?

2. What are the characteristic lesions observed in collagen-induced arthritis?

3. True/False. In all animal models, collagen immunization results in a polyarticular, inflammatory arthritis that is mediated by an autoimmune response.
 

ANSWERS
1. Peripheral Appendicular Joints

2. Intense synovitis, Pannus formation, Erosions of cartilage and subchondral bone

3. False. Some animal models; not all.

 

Chinchilla Model

Diaz et al. Enteric Infection and Subsequent Septicemia due to Attaching and Effacing Escherichia coli in a Chinchilla, pp. 503-507

Domain 1:  Management of Spontaneous and Experimentally Induced Diseases and Conditions
T1, T2, and T3:  Diagnose, Prevent, and Control  Spontaneous and Experimentally Induced Diseases and Conditions

Tertiary Species:  Other Rodents
 

SUMMARY: This case report describes signs and findings from an adult 1 year old male chinchilla that had signs of lethargy and tachypnea which led to becoming moribund.  Many fecal pellets were palpated on abdominal examination; however the chinchilla died just prior to euthanasia.  The chinchilla had 2 (unaffected) cage mates.  It was housed in an isolated cubicle within a diverse species room, which housed mice, rats, guinea pigs, and gerbils.  

 

Clinical pathology findings indicated:  leukocytosis with a neutrophilia and lymphopenia, azotemia, hyperphosphatemia, hyperglycemia, hyperlipemia, electrolyte imbalance, cholestasis, and hepatocellular damage.  Kidney and spleen samples were collected at necropsy and cultured.  Both were culture positive for E. coli.  Microscopically, neutrophilic enteritis with gram negative bacteria, hepatic lipidosis, interstitial pneumonia, suppurative tubulonephritis, erosive gastritis, cerebral edema, and lymphoid depletion was present.  The cause of death was determined to be acute E. coli septicemia and subsequent disseminated intravascular coagulation.  Authors believe this to be the first report of attaching and effacing E. coli (AEEC) in a chinchilla.  AEEC has been found to be asymptomatic in other species (like those housed in the same room, but different cubicle).  Following this incident, the chinchillas were relocated into a separate room.

 

QUESTIONS
1.  
Which item of enrichment is essential for a chinchilla to maintain its hair coat?

a.  
PVC pipes                                                     
b.  
Dust baths                                                     
c.  
Wood blocks
d.  
Timothy hay

2.  
What is a common research use for chinchillas?

3.  
T/F: E. coli is considered a component of the normal gastrointestinal flora of chinchillas.

4.  
Name the anatomic structure of chinchillas that makes them ideal for the most common type of research use.

 

ANSWERS
1. 
b      
2.  
Hearing research    

3.  
False        
4.  
Large tympanic bullae, so there is easy access to the inner ear
Nonhuman Primate Models
Yee et al. Constitutive Release of IFNγ and IL2 from Peripheral Blood Mononuclear Cells of Rhesus Macaques (Macaca mulatta) Infected with Simian T-Lymphotropic Virus Type 1, pp. 508-514

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions; Task T3. Diagnose disease or condition as appropriate; Task K3. Immunobiology (e.g. antibody response; cellular immunity; species-specific immune responses)

Primary Species: Macaques (Macaca spp.)

SUMMARY: Simian T-cell lymphotropic viruses (STLV) are endemic in many African and Asian monkeys and apes. An etiologic link between STLV1 infection and lymphoproliferative disorders, including lymphomas has been suggested in some nonhuman primate species, but most animals remain clinically healthy and the infection clinically inapparent. Tax, a retroviral transactivator, is well known to increase viral and cellular genes, resulting in altered cytokine profiles. This study evaluated cytokine profiles of peripheral blood mononuclear cell (PBMC) cultures from STLV1-positive rhesus with those of age- and sex-matched seronegative controls. Cytokines studied included IFNγ, TNFα, IL10, and IL2 levels in unstimulated PBMC cultured supernatants. Measurements were made at 24, 48, and 72 h using enzyme immunoassays. IFNγ concentrations were significantly elevated in seropositive compared with seronegative animals. In addition, there was a subset of 5 seropositive animals that had significantly increased IL2 levels compared to the matched control.  These results suggest that STLV1 infection alters immune functions in infected but clinically healthy rhesus macaques. 

QUESTIONS
1. Simian T-cell lymphotropic virus 1 (STLV1) has cellular tropism for which immune cells? 

a. CD4+ lymphocytes

b. CD8+ lymphocytes

c. Macrophages

d. a. & b.

e. b & c.

2. Human T-cell lymphotropic virus 1 (HTLV1) is causally linked to the development of which diseases in adults? 

a. T-cell leukemia and lymphoma

b. Infective dermatitis

c. Myelopathy-tropical spastic paraparesis

d. Myositis and Uveitis

e. All of the above

ANSWERS
1. d
2. e 

D’Angelo et al. Cerebral Amyloid Angiopathy in an Aged Sooty Mangabey (Cercocebus atys), pp. 515-520

Domain 3: Research; Task K3: Animal models 
Tertiary Species: Other Non-Human Primates
SUMMARY: Cerebral amyloid angiopathy (CAA) is one of the most common microvasculopathies found in aging human brains.  Amyloid β (Aβ) is a cleavage product of the Aβ precursor protein and makes up part of the senile plaques associated with Alzheimer disease.  Deposition of Aβ in the brain vasculature causes weakening of the vessel walls, thus increasing the risk of intracerebral bleeding.  The leptomeningeal and cortical arteries and arterioles are the most common sites affected by CAA in humans.  CAA can occur concurrently with Alzheimer disease or independently, but there is strong evidence that CAA exacerbates dementia.  Age is a significant risk factor for CAA.  In general, little is known about CAA and its effect on the brain, partly due to the lack of a suitable animal model for study.  Nonhuman primates normally generate human-sequence Aβ and some species are reported to develop severe cerebral Aβ amyloidosis in old age and in the absence of other Alzheimer-linked pathological changes.  The relatively small brain size of most non-human primates allows for a more exhaustive analysis of the different brain regions for microscopic lesions than is typically done in humans.  This paper reports the presence of Aβ amyloid in the brain of an aged male sooty mangabey.

The authors evaluated the brains of three sooty mangabeys that presented to necropsy after euthanasia due to complications from diabetes mellitus.  There were 2 female mangabeys, aged 19y and 32y, and one male mangabey aged 26y.  All three animals had islet amyloidosis present in the pancreas, as well as other findings specific to each clinical case.  There was no report of neurologic signs in any of the animals.  The brains were fixed and sectioned and then stained with multiple antibodies, as well as Campbell-Switzer silver stain for Alzheimer-associated lesions, Luxol fast blue for myelin, Perls Prussian blue for iron, and hematoxylin and eosin.  Aβ deposits were found in only one mangabey, the 26 year old male; for this animal, the lesions were mapped using a microscope-based mapping system equipped with ImageScope software.  

Only the male mangabey showed any β amyloid deposition in the brain, and the deposits occurred exclusively within the walls of cerebral blood vessels (mostly in arteries and arterioles, but some were present in veins as well) in the meninges and cortex.  Most of the CAA was positive for Aβ40 staining, with less reactivity with Aβ42 (as has been reported in other primate species).  The distribution of CAA in this mangabey increased in density along a rostral-to-caudal gradient, and the highest density of CAA was in the occipital lobe.  There was little to no CAA present in the hippocampus, white matter, basal ganglia, diencephalon, brainstem, or cerebellum.  

While vascular β amyloid is common in other nonhuman primate species, there were 3 unusual aspects to this case in the mangabey.  The first is there were no senile plaques detected (versus squirrel monkeys, where CAA is common and usually accompanied by senile plaques); the second is the distribution of CAA in the occipital lobe, which is similar to stage 1 CAA in humans (whereas squirrel monkeys tend to have more CAA in the rostral brain); and third, compared with squirrel monkeys, this mangabey had a larger proportion of CAA in larger vessels.  It is still unclear as to why only the male mangabey had evidence of Aβ in his brain.  There may be sex-associated differences in the pathogenesis of Aβ deposition but this warrants further study in all nonhuman primate species.  Aβ40 was present in greater amounts than Aβ42 in this reported mangabey; in humans, Aβ40 generally predominates in cases of CAA, whereas Aβ42 is the dominant component of extracellular plaques.  While both isoforms are present in simian brains, Aβ40 is generally more common.  The recognition of Aβ deposition in mangabeys has not been reported before, and based on this report, they appear to conform to the general tendency of nonhuman primates to develop Aβ angiopathy in the absence of other markers of Alzheimer disease pathology.  

QUESTIONS
1. Why might nonhuman primates provide a comparative perspective on CAA?
a. They normally generate human-sequence Aβ
b. They can develop cerebral Aβ amyloidosis as they age
c. They have large brains, similar to the size of human brains
d. Both a and b
2. Which type of Aβ protein is typically more abundant in aged nonhuman primate brains?
a. Aβ40
b. Aβ41
c. Aβ42
d. Aβ43
3. In which species of nonhuman primate can CAA be found frequently?
a. Rhesus macaques
b. Squirrel monkeys
c. Baboons
d. Chimpanzees
4. Which of the following stains is specific for iron?

a. Luxol fast blue

b. Hematoxylin and eosin

c. Prussian blue

d. Congo red

ANSWERS
1. d 
2. a
3. b
4. c
Wren et al. Septic Arthritis Due to Moraxella osloenis in a Rhesus Macaque (Macaca mulatta), pp. 521-527

Domain 3: Management of Spontaneous and Experimentally Induced Diseases and Conditions; 

T3. Diagnose disease or condition as appropriate; K5. anatomic pathology 

Primary Species: Macaques (Macaca spp.)
SUMMARY: This is a case report of the first description of Moraxella osloensis septic arthritis in a rhesus macaque. A 5.5-y-old Chinese-origin female rhesus macaque (Macaca mulatta) presented for bilateral hind limb lameness. The macaque's previous medical history included multiple occasions of swelling in the left tarsus, and trauma to the right arm and bilateral hands. The macaque had experienced osteomyelitis of the left distal tibia and rupture of the right cranial cruciate ligament that had been surgically repaired. Abnormal physical examination findings on presentation included a thin body condition, mild dehydration, and bilaterally swollen stifles that were warm to the touch, with the right stifle more severely affected..  Mild instability in the left stifle was noted, and decreased range of motion and muscle atrophy were present bilaterally. Hematologic findings included marked neutrophilia and lymphopenia and moderate anemia. Arthrocentesis and culture of joint fluid revealed Moraxella-like organisms. Treatment with enrofloxacin was initiated empirically and subsequently switched to cephalexin, which over time alleviated the joint swelling and inflammation. Definitive diagnosis of Moraxella osloensis septic arthritis was made through isolation of the organism and sequencing of the 16S rDNA region. 
QUESTIONS
1.
Which of the following is the causative agent of infectious keratoconjunctivitis in cattle and horses?

a.
Moraxella catarrhalis

b.
Moraxella  bovis

c.
Moraxella osloensis

d.
None of the above

2.
Amyloid stains positively too many different stains.  Which of the following shows amyloid with bifringence when subjected to polarized light?

a. 
Oil red O

b. 
Alcian Blue

c. 
Thioflavine T

d. 
Congo Red

3.
Which of the following is a gram-negative diplococcus associated with epistaxis and mucohemorrhagic nasal discharge in cynomolgus macaques? 

a.
Pastuerella multocida

b.
Pseudomonas aeroginosa

c.
Moraxella catarrhalis 

d.
Streptococcus pneumoniae

ANSWERS
1.
b
2.
d
3.
c
Johnson et al. Natural Infection of Burkholderia pseudomallei in an Imported Pigtail Macaque (Macaca nemestrina) and Management of the Exposed Colony, pp. 528-535

Primary Species: Macaques (Macaca spp.)

SUMMARY: A Pigtail Macaque imported from Indonesia was examined after initial acclimation period, revealing an ulcerated, subcutaneous abscess over the right tibial crest, with purulent discharge and associated right inguinal lymphadenopathy. Radiographs were taken revealing soft tissue swelling extending from the right stifle to the mid-diaphyseal region of the tibia. No bone or joint involvement was noted, although there was approximately a 50% decrease in range of motion of the right stifle. Bacterial swab, blood, and serum were submitted for culture and sensitivity, revealing coagulase-negative Staphylococcus and an unidentified gram-negative bacillus. Hematology and serum chemistry revealed no significant findings. Based on susceptibility, the animal was started on a therapeutic plan of Amoxicillin trihydrate-clavulanate potassium and Meloxicam. The wound was also flushed with a 10% povidone iodine solution.

Over the course of 3 months, the abscess resolved, with intermittent episodes of inflammation. During this time, the previous treatment was continued, and enrofloxacin was added to the treatment protocol. This therapy was continued until clinical signs were no longer present. 2 months after antibiotic therapy, the site developed a swelling, which was aspirated, revealing a hematoma. The lesion was drained, and flushed with povidone iodine again. The swelling subsequently resolved. 

2 months after completing therapy, the macaque re-presented with a left head tilt, full-body tremors, a vertical nystagmus, bruxism, vocalization, and erratic movements. On physical exam,  pupillary light response was absent, and the animal exhibited a generalized muscle rigidity. Radiographs and blood work (Hematology and serum chemistry) were repeated, and a urinalysis was performed. Blood work revealed hyperglycemia. Urinalysis revealed glucosuria and ketonuria. Cerebrospinal fluid collection was unsuccessful.  Despite supportive care, antibiotics, and analgesia, over the course of 2 days, the animal went into cardio-pulmonary arrest, and was submitted for pathology.

Notable finding on necropsy included a foci of suppurative pneumonia, multiple areas of necrosis and abscessation with hemorrhage in the brainstem, and diffuse suppurative meningitis. A Gram negative bacilli was identified in the brainstem lesions, the spinal meninges, the lung and the liver, which stained positively for Burkholderia pseudomallei.  This was confirmed via bacterial culture and PCR analysis.

Animals were considered potentially exposed if they were part of the same shipment of animals from Indonesia, or housed in the same room with the affected animal. All potentially exposed animals were returned to quarantine, and handling of these animals was restricted to designated personnel, and a foot pattern for entrance into the animal-housing area was established, along with posting of appropriate signage. In addition to using BSL2 procedures (recommended by Biosafety in Microbiologic and Biomedical Laboratories) those handling these animals wore powered air-purifying respirators. The animals were provided post-exposure prophylaxis of Doxycycline, trimethoprim-sulfamethoxazole, and pro-biotics, for a period of 3 weeks. Blood titers for B pseudomallei were evaluated for all animals, and 5/40 demonstrated titers above the cutoff point. Recheck of titer levels 6 months later revealed no rise in antibody titer levels.

Animal care staff were assembled for a meeting with subject matter experts and a risk assessment was developed and disseminated to all personnel with potential exposure. Employees identified with increased risk, were advised to submit blood samples at the time of discovery of the infected animal, and 2 weeks later to compare to baseline blood samples obtained at time of employment. All samples were negative and showed no rise in titers.

APHIS-CDC Select Agent Regulations were implemented. Discovery of Tier 1 select agents requires that the Division of Select Agents and Toxins is immediately notified. CDC was notified within 24 hours after receiving the report of identification of a select agent. Because the bacteria was isolated from a NHP that was imported to the US, the Division of Global Migration and Quarantine at CDC was notified.

QUESTIONS
1. According to “The Guide” if multiple shipments of the same species of animal arrive on the same day, they should be

a. Treated as 1 shipment, and can be handled together

b. Handled separately or physically separated from animals from other shipments

c. Handled together, but physically separated from any previous established colony

d. Handled separately, but can be physically placed together

2. The main method of transmission of Burkholderia Pseudomallei is

a. Environmental exposure

b. Animal – animal

c. Sexual transmission

d. Transplacental
ANSWERS
1. b

2. A, however it is believed that all of the above may be methods of transmission 
