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SPECIAL TOPIC SECTION: AVIAN MODELS
Baker et al. A Bird’s-Eye View of Regulatory, Animal Care, and Training Considerations Regarding Avian Flight Research, pp. 169-178
Domain 5: Regulatory Responsibilities

Tertiary Species: Other Birds
 

SUMMARY: Studying birds in a laboratory setting furthers our understanding of flight. Since birds are excluded from the Animal Welfare Act, the federal regulation of ornithological research stems from the Health Research Extension Act of 1985. Under this act the Public Health Service Policy was established which mandates adherence to the Guide for the Care and Use of Laboratory Animals. Compliance with these regulations is required if an institution intends to conduct animal activities supported by the Public Health Service, National Science Foundation, Department of Defense or Veterans Affairs or if an institution is to become AAALAC accredited. Bird species used in flight research include pigeons, hummingbirds, quail, zebra finches, starlings, corvids, cockatiels, lovebirds, parrotlets, chukar partridge, turkeys, seabirds, hawks, and eagles. For avian species where space allowances have not been established, birds must at least have enough space to hop and fly between resting and feeding areas in the cage, using fully extended wings that do not touch the side walls. In addition, the majority of avian species used are found in social groups in the wild and should be group housed. Birds should be housed away from high-traffic and high-noise areas such as cage wash, auditory alarms, and loud species. Since it's not possible to remove all auditory disturbances, lower decibel level versions of the sounds that the birds will experience throughout housing and experiments can be played. Enrichment programs should aim to be evidence based and designed to increase the range and duration of expression of species-specific behaviors. Examples include perches, mirrors, and water baths. In flight research, birds must be trained to fly between 2 points for almost all types of flight studies, including wind-tunnel experiments, force-plate analysis, and video analysis. Training through positive reinforcement is essential since birds have a natural fear of humans. With new birds, the number of new people that enter the room, and variations to the daily schedule should initially be minimized to allow for gradual habituation to people and routines. Low-cost custom night-vision goggles can be used for veterinary and research procedures in the dark which calms the birds and stops them from associating procedures with the handler. Important behaviors are taught during experiment-specific training that allow for ease of transport and voluntary flight performance. Birds can step up onto a perch placed in front of and slightly above the perch on which it stands. The bird remains on the perch until brought to a new perch, where they voluntarily step off. A target stick can also be used where a bird travels to and touches beak to target at end of target stick. It can be used as a substitute for pointing when more accurate positioning is necessary or for animals that do not respond to pointing. During pointing, a bird flies to a perch that the researcher points at. The vet team should be involved in all aspects of design, implementation, and review of the program for care of avian species housed in the facility.  Bird suppliers should be evaluated for quality and health of the birds as part of a quality assurance program. Minimally, birds should receive visual and physical exams on an annual basis. Effective quarantine is essential due to the lack of SPF commercial laboratory bird vendors. One particularly important focus of veterinary care for birds used in flight research is ensuring that their feathers are in optimal condition. Loss of feathers may result in the exclusion of data from the study. The causes of feather loss include ectoparasitism, infectious causes, nutritional disorders, and behavioral disorders. Although alternative models exist, such as bats, insects, geckos, and flying snakes, birds are and will remain at the forefront of flight research.

 

QUESTIONS
1.
T/F: If an institution intends to become AAALAC accredited, it must adhere to the Guide regulations regarding bird care and use

2.
T/F: Performing veterinary procedures in the dark using night-vision goggles causes unnecessary stress to avian species

3.
Which of the following is false?

a.
Eagles can be used in flight research

 b.
There is a large supply of SPF commercial laboratory bird vendors

 c.
Birds in flight research should minimally receive visual and physical exams on an annual basis

 d.
None of the above

 

ANSWERS
1.
T

2.
False: This can calm the birds

3.
b. There is a lack of SPF commercial laboratory bird vendors

 

Hibl et al. Poxvirus Infection in a Colony of Laboratory Pigeons (Columba livia), pp. 179-183

Domain 1: Management of Spontaneous Diseases
Tertiary Species: Pigeon (Columba livia) 

SUMMARY: Pigeon pox is a species of poxvirus in the genus Avipoxvirus, a double-stranded enveloped DNA virus that causes mild to severe slow-developing disease in infected animals, most commonly chickens, turkeys and pigeons. The poxvirus is primarily spread through an insect vector, but direct viral contact or aerosolization of viral particles is also described. An outdoor-housed pigeon presented with small, yellow to brown pustules on the dorso-plantar aspect of the feet. Biopsy of the lesions revealed localized severe necrosuppurative epidermitis intralesional colonies of bacterial cocci and mononuclear dermatitis. The animal was treated with TAB ointment and the lesions were cleaned with povidone-iodine, which resulted in healing. The next year, a young adult pigeon (loft-housed) presented with similar lesions on the foot, and was treated with the same regimen. Despite the treatment, lesions became larger and more distributed in the colony. Within a few weeks, 4 loft fledglings and 2 young-adult animals presented with small, dark papular lesions to the face, head, neck, beak and feet, where the fledglings were euthanized and the young-adult animals were treated (see figure for gross lesions). Histologic examination of the lesions revealed numerous intralesional eosinophilic cytoplasmic viral inclusions (Bollinger bodies), confirming a diagnosis of poxvirus. The clinical presentation and lesions observed lead to a diagnosis of pigeon pox without microbiologic speciation. All pigeons in the colony were vaccinated on the same day using a modified-live pigeon poxvirus vaccine developed for chickens, to which 75% of birds had responded to the vaccine with a localized infection that had resolved in a month.


QUESTIONS 
1. What is the primary mode of transmission of poxvirus in pigeons? 

a. Fecal-oral

b. Aerosolization

c. Direct contact

d. Vector-borne

e. Venereal

2. What is the name of the eosinophilic cytoplasmic viral inclusions associated with poxvirus in pigeons? 

a. Negri bodies 

b. Cowdry Type A

c. Bollinger bodies

d. “Owl’s Eye” inclusion bodies 

e. Warthrin-Finkeldey bodies

3. True or False. There is a vaccine available for pigeons and other avian species for poxvirus. 

ANSWERS
1. d. Vector-borne

2. c. Bollinger bodies

3. True

   

Vilches-Moure. Embryonic Chicken (Gallus domesticus) as a Model of Cardiac Biology and Development, pp. 184-203

Domain 3: Research

Tertiary Species: Chicken (Gallus gallus domesticus)
 

SUMMARY: This review highlights the importance of the embryonic chicken as a cornerstone of developmental biology and biomedical research.  model for studying cardiovascular biology.  Benefits of using embryonic chickens are the ease of in ovo visualization, the well-characterized body plan, the ease of in ovo and ex ovo manipulations, the low cost, and the ease of using molecular techniques.

 

Hamburger and Hamilton described the stages of chicken embryo development in 1951.  Martinsen published a reference guide to the developmental stages of the embryonic chicken heart in 2005.  Both of these references continue to be used today.

 

The authors address important factors to consider when preparing to use chicken embryos as a model system including acquisition, processing, and incubation.  The chicken embryo is a strong system, allowing use of variety of experimental techniques and manipulations.  Some of the techniques available for developmental biology studies in chicken embryos include in ovo cell labeling, cell and organ culture, in ovo manipulations, vibratome sectioning, live cell and live tissue imaging, in ovo and ex ovo electroporation, immunohistochemistry, and immunofluorescence.  The authors use congenital heart disease as a specific example of how chicken embryos have contributed to the study and understanding of organogenesis, describing in detail experiments that have used chicken embryos to study epicardial development. 

  

QUESTIONS
1.
During development, epicardial cells leave the epicardial epithelium and migrate deep toward the myocardium, contributing to various cell lineages including all EXCEPT:

a.  
Coronary endothelium

b. 
Smooth muscle

c. 
Cardiac myocytes

d. 
Perivascular fibroblasts

2. 
Consideration of acquisition and incubation of chicken embryos is important because:

a.  
Storage of fertilized eggs can alter the progression of embryonic development.

b.   Younger flocks tend to produce eggs with thinner shells and older flocks tend to produce eggs with smaller yolks.

c.   
Lower ambient temperatures for the flock can result in decreased eggshell quality which tend to be prone to cracking and breaking.

d. 
Incubation temperatures can fluctuate up to 1.0ºC without causing developmental changes in the embryo.

3. 
T/F: The epicardium remains relatively quiescent in adult mammals in the face of disease. For example, following myocardial infarction. 

4. 
T/F: Embryonic chicken heart myoblasts can achieve electromechanical coupling and beat synchronously when plated in vitro.

 

Answers

1.
c
2.
a
3. 
False
4.  
True
 

ORIGINAL RESEARCH

Del Valle and Eisthen. Treatment of Chytridiomycosis in Laboratory Axolotls (Ambystoma mexicanum) and Rough-skinned Newts (Taricha granulosa), pp. 204-211
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Tertiary Species: Other Amphibians

 

ONE LINE SUMMARY: This report describes successful treatment protocol of chytridiomycosis in laboratory axolotls and rough skinned newts using itraconazole submersion therapy.

 

SUMMARY: 12 of 50 axolotls (purchased from vendor) presented with multifocal patches of erythematous dermatitis and ulcerations on the distal limbs, digits and tails, erythematous gills and dull pigmentation. 10 of 50 rough-skinned newts (wild-caught) housed in a separate room in the same facility room simultaneously presented with bloated appearance, lethargy, erythematous ventral surfaces and multifocal raised white epidermal patches. Skin swab and culture revealed no fungal organisms, few Shewanella putrefaciens, Pseudomonas aeruginosa & Aerococcus viridans. Enrofloxacin treatment and equipment disinfection (5% bleach) did not resolve clinical signs. Axolotl Microbiology Panel and Axolotl Comprehensive PCR Panel (IDEXX) was performed and positive for Batrachochytrium dendrobatidis.

 

Itraconazole (0.002%-0.0025%, 5 min daily for 10 days) was initiated and PCR analysis of skin swabs performed at 7d, 28d, 6 mon. All PCR results were negative for B. dendrobatidis at all timepoints. No overt signs of distress observed in axolotls during treatment however 2 of 46 died on day 10 of treatment. No mortality in newts, however escape behavior, lethargy and eye closing observed starting at days 3-5 of treatment. Strict quarantine procedures and PPE were also critical to managing this outbreak. Itraconazole submersion was a successful treatment for chytridiomycosis in laboratory colonies of axolotls and rough-skinned newts.

 

QUESTIONS
1.
All of the following statements are true for both Batrachochytrium salamandrivorans and B. dendrobatidis except:

a.
The disease(s) originated in Asia

b.
Infects epidermal tissue

c.
Documented to infect amphibians in the anura and urodele orders only   

d.
Mature zoospores are released into the external environment

2.
Newts are model organisms for which of the following:

a.
Neuroendocrinology research

b.
Predator-prey interactions

c.
Chemical communication and olfaction

d.
Developmental biology and regenerative research

3.
What is the mechanism of action of itraconazole?

 

ANSWERS
1.
c (B. dendrobatidis infects all three orders of amphibians: anurans, urodeles and caecilians)

2.
a, b, and c (axolotls are the model organism for d)

3.
Selective binding to cytochrome P450 isoenzymes causing enzymatic dysfunction, increased membrane permeability and death of fungi

 

Ju et al. Growth and Behavior of Congenitally Anophthlamic Lee-Sung Pigs, pp. 212-220

Domain 3: Research, K3 – Animal models

Primary Species: Pig (Sus scrofa)

 

SUMMARY:
 

Background: Anophthalmia is a congenital defect in which an individual is born absent one or both eyes, and can lead to abnormal circadian rhythmicity in those affected due to absence of retinohypothalamic projection and a neural pathway to the pineal gland.  More than 80 genes are associated with microphthalmia, anophthalmia, and coloboma.  Zebrafish with congenital genetic defects and mice and rats with gene knockouts can all present symptoms of anophthalmia, but have genetic and anatomic structures that are vastly different from those in humans.  As pigs (Sus scrofa) are diurnal species with ocular development, physiology, and anatomy similar to humans, they are highly suited to simulating human circadian rhythmicity and ocular developmental research.  Black-coated Lanyu pigs are miniature pigs native to Taiwan with conservation efforts over the past several decades to establish inbred laboratory Lanyu pig herds.  In 1983, National Taiwan University mated Lanyu sows with Landrace boars to selectively breed white-coated miniature Lee-Sung pigs (LSP, 75% Lanyu, 25% Landrace) with further selective breeding to produce the inbred Lee-Sung pig strain.  Test mating experiments have confirmed an anophthalmia and aniridia inherited defect in LSP.  This study aimed to investigate images of the anatomy of the optic chiasm, assess growth performance, and establish baseline information of circadian rhythmicity of LSP normal (LSP-N) and LSP congenitally anophthalmic (LSP-A) animals.

 

Materials/Methods: Both eyes of 3 sexually mature LSP-N and 3 LSP-A pigs underwent MRI analysis.  A total of 15 piglets from 5 litters in 2017 (5 LSP-A, 10 LSP-N) were tested for growth performance monthly from 1-to-6mths of age for weight, body length, withers height, and chest girth.  Digital video recording was used to assess 6 sexually mature LSP (3 LSP-A, 3 LSP-N) for the amount of time spent either resting or active during a 24-h cycle over a 3 d timeframe. 

 

Results/Discussion: LSP-A pigs were confirmed through MRI to have congenital absence of visual input and loss of the optic chiasm and nerve, meaning that no light stimulus can enter the brain; this characteristic offers a unique model for insight into the influence of visual experience on brain development, functional architecture, and compensatory neural plasticity and cross-modal reorganization after early visual deprivation.  LSP-A and LSP-N pigs showed no significant differences in growth performance and body type.  Current data shows that LSP-A achieve a normal growth rate and body size, indicating that the anophthalmia of LSP-A may not reflect mutation of Smoc1, SOX2, OTX2, STRA6, BMP4, HCCS, or PORCN genes with syndromic human presentations.  LSP-A pigs were active for a greater amount of time and had a less distinct circadian rhythmicity compared to LSP-N pigs, but whether these changes are similar to anophthalmic humans requires further investigation. 

 

QUESTIONS
1. What pig breeds were crossed to produce the Lee-Sung inbreed pig strain?

a. Lanyu miniature/Yucatan miniature pigs

b. Lanyu miniature/Landrace pigs

c. Landrace/Gottingen miniature pigs

d. Gottingen miniature/Yucatan miniature pigs

e. Yorkshire/Yucatan miniature pigs

2. True/False – The size and ratio of light-receiving rods and cones in pigs’ eyes are similar to those of humans?

3. What forms of ocular research have pigs been a research model?

a. Eye injury

b. Tissue transplantation

c. Retinal pigment epithelial cell development

d. Glaucoma

e. All of the above

 

ANSWERS
1. b – Lanyu miniature/Landrace pigs

2. True

3. e – all of the above

 

Kroeker et al. Effects of Pregnancy, Outdoor Access, and Antifungal Medication on Hair Loss in Breeding-age Female Pigtailed Macaques (Macaca nemestrina), pp. 221-227

Domain 1

Primary Species: Macaques (Macaca spp.)

SUMMARY: Alopecia is a common and multifactorial clinical sign in captive macaque species. Fluconazole is an anti-fungal used in the treatment of multiple fungal diseases, including coccidiomycosis, however alopecia is a possible side effect. This retrospective study evaluated the effects of animal age, time period, pregnancy status, fluconazole administration, and access to the outdoors or increased space on the probability of increasing or decreasing alopecia scores. 144 female breeding age pigtail macaques (Macaca nemestrina) were included. This study occurred following a transition from outdoor to indoor housing with a 75% reduction in space after the detection of Coccidioides in the colony.

This study demonstrated that outdoor access/space and fluconazole administration had age-dependent effects on alopecia scores in pigtail macaques. Pregnancy did not significantly affect alopecia scoring. Animals younger than 6 had significantly less alopecia than older animals. Animals that were housed indoors had worse alopecia than animal with outdoor access, however, this effect was more dramatic in younger animals than older animals. Fluconazole administration had a negligible effect on alopecia for the youngest animals but was associated with increased alopecia scores for older macaques. A limitation of this study was the confounding of outdoor access with space available, as outdoor access was also accompanied by a 75% increase in available space.

QUESTIONS

1.
What are the clinical signs of coccidiomycosis in nonhuman primates?

a. 
Nasal discharge, cough, dyspnea, or less commonly altered gait/lameness

b.  
Anorexia, dysphagia, open mouth breathing, dehydration

c.  
Diarrhea, weight loss, anorexia, dyspnea

d. 
Depression, seizures, blindness

2. 
Which of the following is not a described cause of alopecia in macaques?

a.  
Maladaptive behavior (hair-pulling)

b.
Coccidiomycosis

c. 
Seasonality

d. 
Autoimmune disease

3. 
In what species has dramatic pregnancy-associated hair loss been noted?

a. 
Macaca fascicularis
b.  
Macaca nemestrina
c.  
Macaca mulatta
d.  
Macaca radiate
4. 
Which of the following research aims is the pig-tailed macaque not described as a model species for?

a. 
HIV/SHIV

b.
Gene therapy

c. 
Immunology

d. 
Balding

 

ANSWERS

1.
a
2.
b
3.
c
4.
d

 

Choi and Kim. Relationships between Cytokine Levels and Disease Parameters during the Development of a Collagen-induced Arthritis Model in Cynomolgus Macaques (Macaca fascicularis), pp. 228-239

 

Domain 3: Research; Task 3: Design and conduct research

Primary Species: Macaques (Macaca spp.)

 

SUMMARY:  Rheumatoid arthritis (RA) is a systemic autoimmune disease and the most common form of inflammatory arthritis, and it causes associated increased activity in proinflammatory pathways and autoantibodies that induce damage to the synovium, cartilage, and bone in affected subjects.  Among animal models for studying RA, rodent models of collagen-induced arthritis (CIA) have been the most extensively used and the most widely studied, but genomic responses in mouse models poorly mimic human inflammatory diseases.  Humans and macaques share a larger percentage of nucleotide and amino acid sequences compared to humans and rodents, NHPs have many memory T cells (mice don't), and NHPs share with humans certain specific proteins that are targeted by monoclonal antibodies within many of the new drugs currently being developed to treat RA, all factors that suggest NHP models may be more appropriate for comparative medicine purposes when evaluating possible treatments.  Susceptibility to arthritis development is highly strain dependent in CIA models- among NHP species, squirrel monkeys, rhesus macaques, and cynomolgus macaques are all susceptible, but cebus macaques are not.  Furthermore, studies of sex-linked differences in the susceptibility of cynomolgus macaques to CIA indicate that female cynomolgus macaques are more susceptible to CIA than males.  Serum levels of various cytokines in humans with rheumatoid arthritis have been studied as immune markers for disease prediction, early diagnosis, and effective therapeutic management.  No prior studies have reported on the relationships (correlation) among various disease parameters and cytokines during the development of CIA in NHP, so the authors investigated cytokine changes during the development of CIA in cynomolgus macaques and evaluated relationships between cytokines and disease parameters. 

 

In a previous study, the authors collected weekly blood samples weekly from eight ~ 3.y.o. female cynomolgus macaques before (week 0) and after (weeks 1 to 7) they were immunized with type II collagen (chicken CII) to induce CIA- those samples were analyzed for MMP3 and various cytokines and that analysis forms the basis of this report.  Results showed a showed a strong negative correlation between IFNγ levels and body weight (an indicator of general body condition), and CCL2 and IL6 showed moderate negative correlation with body weight. Serum IL6 levels showed the highest correlation with the soft tissue swelling score, and had a strong positive correlation with serum C-reactive protein levels. Serum levels of matrix metalloproteinase 3 increased significantly after inoculation with type II collagen and showed a moderate positive correlation with serum levels of C-reactive protein, IL6, and IL15. These findings agree well with human studies, and patterns of serum immune markers in this macaque CIA model were similar to those of human RA.  Because serum immune markers (cytokines) can be used as tools for diagnosis, prognosis, and effective therapeutic management in humans, the authors concluded that the cytokines characterized in this study could potentially be used as markers for monitoring the efficacy of novel treatments of rheumatoid arthritis in a cynomolgus model of CIA.

 

QUESTIONS

1. 
According to this report, which serum marker showed the strongest correlation with body weight?

a. 
IFNγ (interferon gamma)

b. 
CCL2 (chemokine ‘C-C motif’ ligand 2)

c. 
IL6 (interleukin 6)

d. 
IL15 (interleukin 15)

e. 
MMP3 (matrix metalloproteinase-3)

2. 
According to this report, which serum marker showed the highest correlation with the soft tissue swelling score?

a. 
IFNγ (interferon gamma)

b. 
CCL2 (chemokine ‘C-C motif’ ligand 2)

c. 
IL6 (interleukin 6)

d. 
IL15 (interleukin 15)

e. 
MMP3 (matrix metalloproteinase-3)

3. 
Susceptibility to arthritis development is highly strain dependent in CIA models- which of the NHPs listed is not considered a susceptible NHP model for CIA?

a. 
Squirrel monkey

b. 
Rhesus macaque

c. 
Cynomolgus macaque

d. 
Cebus macaque

4. 
T/F: Rodent models of collagen-induced arthritis (CIA) have been the most extensively used and the most widely studied animal models for RA, but genomic responses in mouse models poorly mimic human inflammatory diseases?

5. 
Studies of sex-linked differences in the susceptibility of cynomolgus macaques to CIA indicate which sex is more susceptible to CIA- males or females?

 

ANSWERS

1.  
a. IFNγ (interferon gamma)- had the strongest negative correlation

2.  
c. IL6 (interleukin 6)

3.  
d. Cebus macaque

4.  
True

5. 
Females

CASE REPORT

Bright et al. Hepatic Hemangiosarcoma in a Cynomolgus Macaque (Macaca fasicularis), pp. 240-248
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions.

Primary Species: Macaques (Macaca spp.)

SUMMARY: This is a case report about a 9 year old male, intact cynomolgus macaque. This singly housed animal was initially presented for a small amount of bloody discharge which lead to sedation for a more detailed exam. Vital signs were normal, a small bleeding ulcer was present subjacent to the right maxillary canine, a firm mass was identified contiguous with the left zygomatic arch (3 X 4 X 3 cm), a large mass was palpable in the cranial abdomen and a subcutaneous nodule was present on both the left and right chest. A CBC indicated a severe macrocytic normochromic regenerative anemia and a normal coagulation profile. Radiographs revealed a lytic osseous mass on the left zygomatic arch with minimal periosteal reaction, multiple pulmonary nodules and a large mass in the cranial abdomen that was displacing the small and large bowel caudally. Abdominal ultrasound confirmed hepatomegaly with a large hypoechoic cavitated mass in the caudal liver. A guarded prognosis lead to euthanasia. Post mortem confirmed the pre-mortem findings. On the liver there was a large expansile mass that had effaced the median and caudate lobes, in addition there was a cavitated mass and a raised cyst. Within the omentum there were multifocal to coalescing small dark, firm nodules. Similar nodules were observed on the pulmonary pleural surface that extended into the parenchyma. Histopathology revealed neoplastic spindloid mesenchymal cells forming endothelial lined vascular channels. There was moderate pleomorphism, anisokaryosis and a very high rate of mitosis, 10-15 figures per high powered field. As a suspected diagnosis of hemangiosarcoma was further supported by positive immunohistochemical staining for endothelial cells, CD31, and Factor VIII-related antigen. Typical of mesenchymal tumors the neoplastic cells were positively stained with vimentin.

 

Vascular tumors, including hemangiosarcomas, are rare in macaques. The presence of advanced metastasis staged this case as a stage III hemangiosarcoma and further confirms that treatment would not been have successful.

 

QUESTIONS
1. List common histological findings in hemangiosarcomas.

2. List immunohistochemical markers for hemangiosarcomas

3. T/F: Hemangiosarcomas are a common tumor in macaques

 

ANSWERS
1. Neoplastic spindloid mesenchymal cells forming endothelial lined vascular channels, cellular pleomorphism, anisokaryosis and a very high rate of mitosis.

2. Vimentin, CD31, Factor VIII-related antigen

3. False
 

Guerriero et al. Single-photon Emission Computed Tomography-Computed Tomography Using 99mTc-labeled Leukocytes for Evaluating Infection Associated with a Cranial Implant in a Rhesus Macaque (Macaca mulatta), pp. 249-256

Task T3/T4: Diagnose/treat disease or condition as appropriate  

Primary Species: Macaques (Macaca spp.)

SUMMARY: This case report details the use of SPECT-CT (single-photon emission computed tomography-computed tomography) to serially evaluate a cranial implant infection in a rhesus macaque. Challenges with using cranial implants are discussed, especially the possibility of infection and necessity for subsequent removal of implants in order to definitively resolve the infection. The limitations of 2-dimensional imaging (i.e., radiographs) are outlined, especially artifacts associated with metal implants. MRI is touted for its 3-dimensionality in surgical planning, but its use as a follow-up is dangerous due to metallic implants. SPECT-CT merges images from both SPECT (molecular information such as perfusion, metabolism, inflammation, and angiogenesis) and CT (anatomy and/or structure) to provide a more complete picture. 99mTc-hexamethyloropylene amine oxime (99mTc-HMPAO) is used as a radiopharmaceutical to label neutrophils and therefore localize inflammation and infection. It has a shorter half-life and lower radiation dose than other radiolabels, and while all white blood cells can take it up, it is selectively retained in neutrophils. Therefore, in order to label leukocytes they must be isolated from whole blood prior to labeling and then returned to the patient, a process that can take up to 2 hours. Diagnosis of osteomyelitis and orthopedic implant-associated infections in humans currently utilizes this process. In the present case report, SPECT-CT was utilized after a chronic implant infection became worse and did not resolve following cleaning and antibiotic regimen. Radiolabeled leukocytes localized the infection, and an additional course of antibiotics based on new culture and sensitivity results initiated. Follow-up SPECT-CT revealed no resolution of the infection, resulting in surgical removal of the implants. The monkey underwent cardiopulmonary arrest at the conclusion of surgery, and a complete necropsy immediately followed. While the majority of gross lesions were mapped to the SPECT-CT imaging, a large exudate-filled lesion that penetrated through the skull as well as another infectious site associated with one of the head post bolts was not seen on review of SPECT-CT. It was concluded that, due to the chronicity of the lesions and the lack of sufficient vascularization, the radiolabeled leukocytes could not reach the site of infection during the period of the imaging procedure. The authors recommend evaluating compounds with longer half-lives when chronic infections are suspected. 

QUESTIONS
1. 
Discuss the mechanism of action of 18F-fluorodeoxyglucose radiolabeling. 

2. What does this tissue stain demonstrate?

[image: image1.emf]
3. What is the radiolabel used in this image?

[image: image2.emf]
ANSWERS

1. Utilized by cells as a glucose analog. Radiolabel of choice in PET/CT scanning, especially for tumor diagnosis.

2. GFAP – glial fibrillary acidic protein; demonstrates gliosis and glial scarring. 

3. 99mTc-hexamethyloropylene amine oxime (99mTc-HMPAO)
