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CASE REPORT: Amphibian Model

Stern et al. Pancreatic Carcinoma in an African Clawed Frog (Xenopus laevis), pp. 421-423

 

Domain: 1
Secondary Species: African Clawed Frog (Xenopus spp)
 

SUMMARY
History: A sexually mature female Xenopus was found to be in poor body condition and was euthanized using buffered 5g/l tricaine methane sulfonate solution. She had been primed with human HcG two months before for oocyte collection.

Gross And Clinical Pathological Findings: The intraceolomic fat pads were absent and frog had poor body condition. The culture of spleen was negative for Mycobacterium.

Histological Findings: The pancreas was full of neoplastic cells with increased nuclear to cytoplasmic ratio, anisocytosis, anisokaryosis, mitotic figures and eosinophilic cytoplasm. Staining with Masson trichome revealed collagen positive fibrous stroma separating the pockets of neoplastic cells. Immunohistochemical staining was negative for synaptophysin, insulin and glucagon but positive for cytokeratin in the neoplastic tissue.

Diagnosis: Pancreatic carcinoma

Clinical Significance: Fist case report of pancreatic carcinoma in Xenopus
 

QUESTIONS

1.  
What are commonly used methods of euthanasia for frogs?

a.
MS 222

b.
Benzocaine HCl

c.
Pithing

d.
All of above

2. 
What are the criteria for malignancy in a histological section?

a.
Mitotic figures

b.
Increased nuclear to cytoplasmic ratio

c.
Prominent nucleoli

d.
Anisocytosis

e.
Anisokaryosis

f.
All of above

3. 
T/F. Masson trichrome stains connective tissue blue, nuclei red and cytoplasm pink.

 

ANSWERS
1. d   

2. e   

3. True
ORIGINAL RESEARCH

Mouse Models

Booth et al. Housing Conditions Modulate the Severity of Mycoplasma pulmonis Infection in Mice Deficient in Class A Scavenger Receptor, pp. 424-439
Domains 1: Management of diseases 

Domain 3: Research/models
Primary Species: Mouse (Mus musculus)
 

SUMMARY: Mycoplasma pulmonis (Mp) is a respiratory pathogen of mice and is a model for M. pneumoniae in humans. The investigators sought to characterize the role of class A scavenger receptor (SRA) in M. pulmonis pathogenesis. Concurrently they aimed to characterize the influence of microenvironment, specifically static caging vs. individually ventilated caging, on Mp infected SRA deficient and wild type mice. SRA deficient and wild type B6 mice were intranasally infected with Mp, housed in static or IVC caging, and evaluated at day 3, 7, and 14 post infection. Both wild type and SRA -/- mice became chronically infected after inoculation, although 40 fold more Mp persisted in the SRA deficient mice. SRA deficient mice had more severe histologic changes in response to Mp inoculation including mixed inflammation with consolidation and suppurative exudates obstructing airways. Mirroring these histologic findings, elevated concentrations of IL1β, KC, MCP1, and TNFα were seen in SRA deficient mice whereas only monocytosis and elevated IL1β were seen in wild type mice. Unsurprisingly ammonia accumulation was significantly higher in the static caging; however mice in static cages had less severe inflammation. The authors speculate that decreased humidity and increased airborne particulates from forced air ventilation may underlie the more severe inflammation seen in IVC housed infected mice. Housing conditions also affected the concentrations of surfactant proteins SPD and SPA, which may contribute to the severity and chronicity of Mp infection. 

QUESTIONS
1. 
Which mouse strain is considered highly resistant to Mycoplasma infection?

a. 
BALB/c

b. 
C3H

c. 
C57BL/6

d. 
All of the above strains are highly resistant

2. 
What is the ammonia (NH3) exposure limit for laboratory animals?

a. 
15 ppm as an 8 hr weighted average

b. 
25 ppm as an 8 hr weighted average

c. 
50 ppm as an 8 hr weighted average

d. 
There are no established NH3 exposure limits for laboratory animals

3. 
Based on the nomenclature, which word best describes the B6.Cg-Msrtm1Csk mice used in this study?

a. 
Coisogenic

b. 
Congenic

c. 
Consomic

d. 
Conplastic

 

ANSWERS
1. 
c

2. 
d. However the human occupational exposure limit of 25 ppm as an 8 hr weighted average is often referenced as a guideline for animals

3. 
b

 

Cates et al. Core Body Temperature as Adjunct to Endpoint Determination in Murine Median Lethal Dose Testing of Rattlesnake Venom, pp. 440-447

Domain 3; K3
Primary Species: Mouse (Mus musculus)
SUMMARY
Introduction: Median lethal dose (LD50) testing in mice is the “gold standard” for evaluating the lethality of potential toxins, including snake venoms; it is also identified by the WHO as the essential assay for preclinical evaluation of antivenins. However, the principle of the 3Rs supported by the Guide, calls for researchers to refine techniques to minimize or eliminate animal pain and suffering in experiments. In this direction, body temperature has been a promising parameter that could predict lethality and hence, could be used as a euthanasia criterion in experiments (such as Kaplan-Meier survival studies) when accurately measuring duration of survival is important. 
Hypothesis: body temperature is a useful method to monitor for endpoints in mice to estimate the LD50 of 3 rattlesnake venoms.

Materials and Methods: Outbred Swiss Webster female mice (age 8-10 wks) were used. Test mice received a single, 0.2-mL IP injection of various concentrations of 1 of 3 types of rattlesnake venoms. Six mice were challenged with Western Diamondback venom, 6 mice were challenged with Northern Pacific venom, and 12 mice were challenged with Southern Pacific venom. Control mice (n = 6) received a single, 0.2-mL IP injection of 0.9% sterile saline. Core body temperature was recorded from mice manually restrained at the base of the tail once before venom or saline administration, and then at various time points after administration. Core body temperature was measured by using a 1.5-cm thermistor probe inserted via the rectum into the mid-distal colon. Temperature was taken every 10 to 30 min for the first 2 h after injection and then every 1 to 2 h thereafter until 8 h after injection or euthanasia. Mice were euthanized according to AVMA Guidelines by exposure to gradual-flow 100% CO2 gas. 
Results: All but one mouse showed a marked, immediate, dose-dependent drop in temperature of approximately 2 to 6 °C at 15 to 45 min after administration. The lowest temperature sustained by any surviving mouse was 33.2 °C. In addition, venom type had a significant influence on temperature values. 
Conclusions: The study suggests that core body temperature is a useful adjunct to monitoring for endpoints in LD50 studies and may be a valuable predictor of survival in venom studies.

QUESTIONS
1. 
What is the best analysis to perform for measuring the fraction of animals living for a certain amount of time (survival) after a treatment?
a. 
Meta-analysis

b.  
Linear regression analysis

c. 
Kaplan-Meier analysis 

d. 
Gehan-Breslow analysis

e. 
Pearson correlation analysis

2.
What is the “gold standard” method for evaluating the lethality of snake venoms?
a.  
Cardiorespiratory arrest

b. 
Seizures
c. 
Core body Temperature

d. 
Median lethal dose (LD50)

ANSWERS:
1. c
2. d
 
Rat Model

La Perle et al. Trophoblast Deportation to the Lungs of Cotton Rats (Sigmodon hispidus), pp. 448-455
Tertiary Species: Other Rodents (Cotton Rat – Sigmodon hispidus)

SUMMARY: Cotton rats (Sigmodon hispidus) are a frequently used animal model for studying infectious agents particularly those viral agents that cause respiratory disease in humans.  This case report describes the results of a pathologic investigation of an aging breeding colony of S. hispidus. 
Sigmodontinae have a hemochorial placentation similar to humans and other species including mice, rats, hamsters, rabbits, guinea pigs, chinchillas, and nonhuman primates. A feature of this placentation is that one or more layers of analogous trophoblast types make up the interhemal barrier between maternal and fetal blood supplies. These placental trophoblasts function during gestation to mediate uterine implantation and invasion, enable nutrient exchange, and to regulate maternal blood flow, and hormone production. These placental trophoblasts migrate in uterine blood vessels and end up in the lungs as syncitiotrophoblasts (syncytial knots). This transportation increases in pathological conditions of pregnancy such as preeclampsia, eclampsia and after caesareans and abortions. Whilst these syncytial knots undergo apoptosis during routine pregnancy, in pathological conditions they tend to undergo necrosis and lead to inflammation. 

 

Histologic examination of this cotton rat colony revealed that 27% of females had embolized cells in the lungs. These cells were confirmed to be trophoblastic in origin. This confirmation was made by immunohistochemistry through staining cells with antibody specific for HSD3B1. This is an isoform of 3Beta-Hydroxysteroid dehydrogenase which is expressed in human placenta and is needed for the production of progesterone to maintain pregnancy.  There was an association between number of emboli and other histologic findings such as pulmonary edema, hemorrhage, endothelial hypertrophy, fibrinoid vascular necrosis, and abundant alveolar macrophages. The greatest number of emboli were present between 8-18 days of gestation (gestation period= 27d). An embolus was also found in a non-pregnant rat that had littered 3 mo previously. 

 

This is the first report to describe pulmonary trophoblast emboli in cotton rats. This finding provides support for the use of cotton rats as an alternative animal model for the study of this phenomenon. This study use has application in investigation of pathological pregnancy conditions in humans such as eclampsia and preeclampsia. 
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QUESTIONS (True or False)
1. 
Cotton rats may be a useful model for the study of pathologic conditions of pregnancy. 

2. 
Cotton rats have an epitheliochorial placentation classification.

3. 
The trophoblast emboli were only seen in pregnant animals. 

4. 
Trophoblast lung emboli in large numbers are seen in isolation, with no other abnormal lung histologic findings. 

 

ANSWERS
1. 
T
2. 
F. The placental has a hemochorial classification. 

3. 
F
4. 
F
 

 
Swine Models
Elliott et al. Gastrointestinal Acute Radiation Syndrome in Göttingen Minipigs (Sus scrofa domesticus), pp. 456-463

Domain 1

Primary Species: Pig (Sus scrofa domestica)
SUMMARY: No drugs have been approved for the use of preventing gastrointestinal acute radiation syndrome (GI-ARS) in irradiated patients. However, the exposure of the GI tract to radiation results in organ dysfunction. So far, NHP are the only large animal model well-characterized that includes a total body and a partial-body irradiation model. Minipig may be a potential alternative model. 

Male Göttingen minipigs were irradiated at 0.6 Gy/min at a dose ranging from 5 (the beginning of appearance of bacterial translocation) to 12 (watery diarrhea and death within a few hours) Gy. 
Mean survival and the severity of the clinical signs were dose-dependent. Hematologic analysis of the GI subsyndrome indicated that the decline in blood cell number and febrile neutropenia were dose-dependent and started soon after exposure. Irradiation did not affect pancreatic function, although kidney and liver function were altered. The majority of the animals presented sepsis from the translocation of gastrointestinal bacteria. In a dose-dependent manner, animals showed from mild blunting of intestinal villi to loss of villi and crypts. A significant negative correlation was established between radiation dose and plasma citrulline concentration. Citrulline production depends almost exclusively on enterocytes and it decreases after radiation since there is a positive correlation between radiation dose and crypt score.

This study shows consistent results that support the minipigs as a model for GI-ARS. It is been observed that, despite their sensitivity to radiation, their signs resemble those in humans. Precaution is needed when conducting this studies with using reliable endpoints to predict mortality (like lameness and anorexia) since they vary with the dose.

QUESTIONS
1. 
Radiation-induced GI damage is accompanied by bone marrow suppression but they do not necessarily overlap.

2. 
Advantages of the partial body irradiation model are the ability to assess the development of a polypharmacy approach targeting multiple organs.

3. 
NHPs were the only animal model used for radiation studies so far.
4. Swine promises to be an alternative to NHP and dogs radiation studies.

1. Hematologic analysis of the GI syndrome showed that reduction of blood cell number and thrombocytopenia was dose-dependent.

6. 
Citrulline levels predict the severity of GI damage in minipigs so it can be used as a marker in animal models.

ANSWERS
1. 
True

2. 
True

3. 
False

4. 
True

5. 
False

6. 
True

Willens et al. Novel Technique for Retroperitoneal Implantation of Telemetry Transmitters for Physiologic Monitoring in Göttingen Minipigs (Sus scrofa domesticus, pp. 464-470

Domain 3: Research

Primary Species:  Pig (Sus scrofa)
SUMMARY: Long-term collection of neurobehavioral and other physiologic data often requires larger telemetry devices than can be implanted non-surgically.  These devices need to be implanted in a safe, well-tolerated and functional location and the authors here  report an effective approach to implanting a novel device to measure transthoracic impedance to approximate respiratory tidal volume and rate in minipigs. 

24 male Gottingen minipigs underwent the procedure, which included:  sedation with Telazol and xylazine IM with intubation for maintenance on Isoflurane; a ventral midline incision with paramedian blunt dissection through abdominal musculature to form a retroperitoneal pocket where the telemetry device was anchored;  subcutaneous tunneling of wire from telemetry device to the right femoral artery cut down site where the pressure transducer was introduced and tunneled to the approximate level of the abdominal aorta; subcutaneous tunneling of impedance leads from telemetry device to bilateral thoracic incisions at the level of the 7th rib for respiration monitoring;  subcutaneous tunneling of ECG lead to a jugular furrow incision (8 pigs) where it was inserted into the jugular vein and advanced to the level of the cranial vena cava/optimal quality ECG readout; subcutaneous tunneling of EEG leads (16 pigs) to dorsal skull incision where holes were drilled in the calvarium and screws placed to a level that contacted the dura overlying the frontal lobes-lead wire ends were wrapped around the screws prior to tightening and dental acrylic was placed over screw head to secure and seal them.

All animals received Clavamox, Cefazolin, and Buprenorphine peri-operatively.  Buprenorphine and Ketoprofen were given post-operatively and Buprenorphine, Metacam, and Clavamox were continued for 3-10 days as appropriate.  All animals recovered normal activity and appetite by day 2 post-surgery and no post-surgical complications were present and the planned chemical experiments began 2 weeks after telemetry implantation.   Data acquisition was successful for all animals during the experiment and demonstrated this procedure permitted effective monitoring of complex physiologic data without negatively affecting the health and behavior of the animals.

QUESTIONS
1.  Which is the correct order for minipig breed average weights at sexual maturity from smallest to largest?

a.  
Yucatan, Sinclair, micro Yucatan, Gottingen

b.  
Sinclair, micro Yucatan, Gottingen, Yucatan

c.  
Micro Yucatan, Yucatan, Gottingen, Sinclair

d.  
Gottingen, micro Yucatan, Sinclair, Yucatan

2.  
Which of the following is not included in the Sus genus?


a.  
Hanford minipig


b. 
Vietnamese pot-belly pig


c.  
Wart hog


d.  
Bearded pig

3.  
TRUE or FALSE:  Pigs used for biomedical research are covered animals under the Animal Welfare Act.

ANSWERS
1.
d. 15-20kg, 20kg, 35-40kg, and 40-45kg)

2.
c. Genus Phacochoerus

3.
True. Livestock are only excluded if they are being used for food or fiber, or improving animal nutrition/breeding/management/production efficiency/quality of food or fiber.

Ludvigsen et al. Noninvasive Assessment of Pulse-Wave Velocity and Flow-Mediated Vasodilation in Anesthetized Göttingen Minipigs, pp. 471-477

Domain 3: Research; T3. Design and conduct research

Primary Species:  Pig (Sus scrofa)
SUMMARY: Assessment of changes related to atherosclerosis in vivo would be valuable in for example longitudinal assessment of drug effect, but few noninvasive methods for evaluating structural and functional changes in the arteries of pigs are available. Pigs represent a generally useful model for cardiovascular research and preclinical studies of pharmacology. Authors evaluated the usefulness of applanation tonometry (using pressure transducers) to estimate pulse-wave velocity (PWV) as an independent predictor of cardiovascular events in a minipig model. 

PWV technique determines the velocity with which the pulse wave is propagated through the arterial tree, with arterial stiffness causing increased velocity. By vascular ultrasonography and a sphygomanometric cuff, authors evaluated the endothelial functionality with assessment of the flow-mediated vasodilation (FMD).

PWV were measured in the right carotid and femoral arteries in anesthetized dorsally positioned minipigs. For the FMD measurement, minipigs were placed right lateral position. After the inflation of sphygmomanometer in the right mid-antebrachium ischemia, a 2D-cine loop was obtained of the middle part of the right brachial artery. The pulse wave Doppler signal was recorded immediately after decompression, followed of a 2D recording of the diameter for 120sc.

Finally, authors concluded the feasibility of this no-invasive technique for the evaluation of arterial stiffness in anesthetized Göttingen minipigs, yielding acceptable levels of inter-examination and inter-observer variation. Nevertheless, authors recognized the necessary comparison of the PWV with a validated invasive technique for blood pressure measurement.

QUESTIONS
1.
T/F: In atherosclerosis, an increase in FMD value represents a noninvasive predictor measurement of endothelial dysfunction. 

2.
Which factors could interfere in the arterial blood pressure measurement?
a.
Anesthetic protocol 
b.
Oxygen support

c.
Animal recumbent position

d.
All above

ANSWERS
1.
False; a decrease in FMD has been recognized as a marker of endothelial dysfunction which precedes the atherosclerotic plaque development.

2.
d
Ovine Model

Hampel et al. Prevalence and Diagnosis of Hemotrophic Mycoplasma Infection in Research Sheep and Its Effects on Hematology Variables and Erythrocyte Membrane Fragility, pp. 478-485
Domain 3

Primary Species: Sheep (Ovis aries)
 

SUMMARY: Hemotrophic mycoplasma (hemoplasma) infection in research sheep can confound experimental results and contribute to morbidity and mortality. Prevalence and clinicopathologic studies historically relied on blood-smear diagnosis, but systematic studies using current molecular techniques are warranted. In these studies, they evaluated: (1) the prevalence of subclinical hemoplasma infection in our study population of research sheep; (2) the sensitivity and specificity of blood-smear evaluation for the detection of hemoplasma infection; (3) the effects of subclinical and acute hemoplasma infection on CBC variables; and (4) the effects of acute hemoplasma infection on erythrocyte membrane fragility (MEF). Whole-blood samples from 111 convenience-sampled research sheep were collected and all samples were tested for hemoplasmas by using a PCR assay, the blood smears were evaluated for visual presence of hemoplasmas, and CBC and osmotic fragility assays were performed.  Their first finding, that subclinical hemoplasma infection is common in their study population, was supported by the results of the surveillance study, in which 14.1% (14 of 99) convenience sampled sheep without clinical signs of hemoplasmosis tested positive for the organism by PCR analysis. Their second finding, that blood-smear evaluation lacks sensitivity in detecting hemoplasma infection, was supported by the observations of 2 independent and experienced clinicians using a carefully designed scoring system adapted from the literature. Only 8.3% of PCR-positive slides were definitively identified by blood smear. However, 100% PCR-negative slides were correctly identified, leading to a higher specificity than they expected. Their third finding, that subclinical and acute hemoplasmosis is associated with changes in CBC variables, was supported by the CBC studies. Subclinical infection was associated with changes in MCV, MCHC, RBC distribution width, and absolute monocyte count. Acute infection was associated with changes in these variables and in RBC mass, Hgb concentration, MCH, platelet mass, and absolute lymphocyte count. CBC changes were relatively large in acute infection. Their fourth finding, that acute hemoplasmosis increases erythrocyte membrane fragility, was supported by their observations that the mean MEF values of infected sheep were higher than those of uninfected and treated animals. These findings raise concerns regarding the suitability of hemoplasma-infected sheep for biomedical research.

 

QUESTIONS
1. 
Hemoplasma infection in sheep is caused by ____________ and _________

2. 
T/F. Hemoplasmas are tiny epierythrocytic prokaryotes that lack a cell wall

 

ANSWERS
1. 
Mycoplasma ovis and ‘Candidatus M. haemovis 
2.  
T

Nonhuman Primate Models

Bardi et al. Parity Modifies Endocrine Hormones in Urine and Problem-Solving Strategies of Captive Owl Monkeys (Aotus spp.), pp. 486-495
Tertiary Species: Other Nonhuman Primates (Owl Monkey – Aotus spp.)

SUMMARY: Parenteral behavior modifies neural, physiologic, and behavioral characteristics of both maternal and paternal mammals. These parenting-induced modifications enhance ancillary responses, such as foraging efficiency and predator avoidance. The authors hypothesized that male and female owl monkeys with reproductive experience (RE) would demonstrate more adaptive ancillary behavioral and neuroendocrine responses than those of their nonRE counterparts.

Evidence of these maternally related neurobiologic modifications has been confirmed in several species, including humans. Rats exhibit enhanced foraging abilities in a spatial task as well as less behavioral and neural evidence of fear reactivity in an open-field task, as expressed by reduced c-fos immunoreactivity in the basolateral amydala.

Prior research suggests that stress hormones play an integrative role in parent-induced neurobiologic adaptations. Accordingly, the current study assessed the integrative role of both cortisol and dehydroepiandrosterone (DHEA) on adaptative parenteral responses. DHEA has been associated with providing protection against the negative effects of prolonged exposure to glucocorticoids. Furthermore, the ratio between DHEA and cortisol has been found to be a reliable index of neuroprotection.

To assess cognitive skills and coping flexibility, the authors introduced a foraging strategy task, including a set of novel objects (coin holders) marked with different symbols representing different food rewards. To assess endocrine responses, urine samples were assayed for cortisol and DHEA levels and their ratios.

The results support their hypothesis that RE influences ancillary behavioral and physiologic parenteral characteristics in owl monkeys. Experienced parents had higher DHEA:cortisol ratios after exposure to habituation training and the first day of testing. RE monkeys exhibited 4-fold more efficient foraging strategies than did nonRE mating pairs during the foraging test. The DHEA:cortisol ratio was higher in RE animals compared with nonRE monkeys.

Interestingly, the authors did not found significant effects of sex on either the neuroendocrine or behavioral responses to the paradigm. A plausible hypothesis is that both members of mating pair influence each other's behavioral and physiologic activity, thus explaining the similarities between male and female owl subjects. From an evolutionary point of view, increased neural and behavioral plasticity may play a role in preparing new fathers to respond to the newborns, especially considering that paternal brains are less prepared to respond to offspring than are maternal brains.

QUESTIONS  

1.
Which modification has not been associated with paternal responsiveness?

a.
Distinct patterns of vasopressin receptor-binding sites

b.
Decreased levels of oxytocin and prolactin

c.
Increased neuronal restructuring in the hippocampus
d.
Enhanced arginine 

2.
T/F. Owl monkeys are New World monkeys that are characterized by the extensive involvement of fathers in the care of the infant. 

3.
Which of these statements is not true about the benefits of DHEA?
a.
Promote neurogenesis in the dentate gyrus of the hippocampus and in sensory dorsal root ganglion neurons
b.
Decrease the proliferation of progenitor cells in the adult hippocampus
c.
Antidepressant activity
d.
Decrease glucocorticoid-induced neuronal death in the hippocampus
ANSWERS

1.
b. Will be correct if it says: Increased levels of oxytocin and prolactin

2.
T

3.
b. Will be correct if it says: Increased the proliferation of progenitor cells in the adult hippocampus.

CASE REPORT: Nonhuman Primate Models

Clemmons et al. Extraintestinal Campylobacteriosis in Rhesus Macaques (Macaca mulatta), pp. 496-500

Primary Species: Macaques (Macaca spp.)

SUMMARY: Two cases of extra-intestinal Campylobacter where recently encountered in rhesus macaques at Yerkes National Primate Research Center of Emory University.  Case 1 was a 3-y-old male, indoor housed rhesus macaque experimentally infected with SIV 5 months prior to presentation of clinical signs (lethargy, and presumptive abdominal pain).  Case 2 was a 1-mo-old female, indoor-outdoor, socially housed rhesus macaque, which died with no apparent history of illness. 

Physical exam of Case 1 revealed a palpable abdominal mass abdominal ultrasound indicated was associated with the liver. Due to poor prognosis, euthanasia was elected and necropsy confirmed a 5cm abscess within the median liver lobe.  C. fetus was isolated from blood, liver and hepatic abscess and histopathology of Case 1 identified Campylobacter within the lumen of the bile duct.

Necropsy findings of Case 2 were inconclusive due to severe autolysis however C. coli was isolated from the liver and the colon.  Additionally, histopathology of Case 2 revealed spiral-shaped Campylobacter organisms within the hepatic parenchyma.

Human patients with extra-intestinal campylobacteriosis usually are immunocompromised.  In cases 1 and 2 at Yerkes, it could be argued that immunosuppression served as a contributing factor in disease progression in the form of concurrent viral infection or the incompetent immune system of an infant, respectively.  Therefore, systemic campylobacteriosis needs to be included on a list of rule-outs for ill and potentially immunocompromised nonhuman primates, especially when hepatobiliary involvement is suspected.

 

QUESTIONS
1. 
T/F. Campylobacter has been reported to have a propensity for colonizing the liver, biliary tract, and gallbladder in humans, mice, and rhesus macaques because it appears well suited to grow in bile.

2. 
Presumptive diagnosis of Campylobacter can be made by microscopic identification of motile and curved or spiral-shaped rods in stool samples. Other culture-independent methods such as serologic testing are used occasionally, but definitive diagnosis of Campylobacter infection usually is made by isolation of the organism from?

a.
Blood

b.
Feces

c.
Tissue samples.

d.
All of the above

3. 
T/F. Macrolide antibiotics, such as erythromycin and the newer drugs clarithromycin and azithromycin, are the frontline Campylobacter treatment in nonhuman primates and humans, although low levels of resistance have been reported.

 

ANSWERS
1. 
True

2. 
d
3. 
True

