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Biology

Chang et al. Variation in Airway Responsiveness of Male C57BL/6 Mice from 5 Vendors, pp. 401-405

SUMMARY: Mice are the most commonly used animal model for the study of asthma as mice share many of the human characteristics of the human pathology. Inbred strains are often used as animal models to avoid variations due to genetic background, but variations due to rearing environment are not as well recognized.  The authors changed mouse vendors and, accordingly, changed from the C57BL/6J substrain to the C57BL/6N substrain.  In doing so, the authors noted significant differences in airway responsiveness between these substrains. The authors went on to test airway responsiveness in BL6 mice from 3 other vendors and, similarly, found significant differences between all 5 substrains in terms of airway responsiveness. The authors’ objective was to assess whether this difference was due to genetic drift as opposed to rearing environment. To make this assessment, substrains from 5 vendors were purchased and reared in identical environmental situations. Male first generation offspring were then assessed at 8-10 weeks of age. These mice showed no significant differences as it relates to airway responsiveness. This would indicate that the rearing environment as opposed to genetic differences was the reason for the initial variation observed concerning the pulmonary phenotype. 
QUESTIONS:

1. 
Inbred strains are often used as animal models to avoid the confound of variations due to genetic background T/F

2.  
Although the exact differences in rearing environment between these 5 vendors was not elucidated in this study, what are some of the rearing variables one should consider?

ANSWERS:

1. 
T 

2.  
Dietary, bedding, method of water delivery and treatment, caging system, microbiome, and the like.  

Husbandry
Bechard et al. Litter Size Predicts Adult Stereotypic Behavior in Female Laboratory Mice, pp. 407-411
Primary Species: Mouse (Mus musculus)
 

SUMMARY:  Adult laboratory mice often exhibit stereotactic behaviors such as gnawing on bars, route-tracing, and back flipping. Stereotypic behaviors have traditionally been defined as those that are repetitive, invariant, and apparently functionless.  There is great variation in these behaviors, and it is thought that they may be the result of CNS dysfunction, attempts to cope with stress, or frustration.  Many factors in early life, such as the level of maternal care or premature weaning, have lasting effects on CNS function and future ability to cope with stress.  Therefore, they may also affect occurrence of future stereotactic behaviors in offspring.  The level of environmental enrichment also plays a role, as repetitive behaviors in mice are typically less severe and prevalent in enriched environments.

The authors hypothesize that mice from larger litters receive less maternal care, thus weigh less at the time of weaning.  This is proposed to lead to difficulty in coping with stressors, which may then result in stereotypic behaviors.  Three different colonies of mice representing both inbred (C57BL/6N) and outbred (CD1) strains were studied for these behaviors.  Mice were observed at a time point 6-7 months post-weaning, and mouse behavior was monitored over the course of a 4 day period.  Stereotypic behavior included bar-gnawing, back-flipping, and route-tracing when repeated 3 times without interruption.  Results were compared statistically between behavior, litter size, weight at weaning, sex, and strain.

Analysis showed a positive correlation between larger litter size and occurrence of stereotypic behavior in adulthood in female mice.  Males were not affected as significantly.  Additionally, the CD1 female mice were slightly more affected than the B6.  Weight at weaning did not appear to be a predictor as hypothesized in this study.  Because of this, the authors also believe that the amount of maternal care and grooming may also play a role.

 

QUESTIONS:
1. 
T/F:  Animals with a greater amount of enrichment in their home cages are more likely to develop stereotactic behaviors.

2. 
Which of the following are proposed reasons for stereotypic behaviors?  Pick all that apply.

a.  
CNS dysfunction

b.  
Frustration

c.  
Noise levels in the facility

d.  
Lack or removal of enrichment

3. 
T/F:  Stereotypic behaviors have traditionally been defined as those that are repetitive, invariant, and apparently serve some function.

 
ANSWERS:
1. 
F (less likely)

2. 
A, B, and D

3. 
F (serve no function)

 

Gonzales Jr. Preliminary Evaluation on the Effects of Feeds on the Growth and Early Reproductive Performance of Zebrafish (Danio rerio), pp. 412-417

	Domain 4: Animal Care; K1 – Species-specific husbandry 

  

Secondary Species: Zebrafish (Danio rerio) 

  

One line:  Of the 8 diets tested, all resulted in favorable growth and survival of juvenile zebrafish; and female zebrafish were sexually mature after 90d (3months of age) post fertilization. 

  

SUMMARY: The objective of the study was to determine the effects of various feeds and their combinations on the growth and early reproductive performance of zebrafish in a research setting.  Of the 8 diets fed, not one feed or feeding combination could be identified as superior to the other diets evaluated.  However the authors did strongly support Artemia, as they showed that male weight gain was greatest with it, the tanks were cleaner and juvenile zebrafish grew better on diets containing it. 

The study did prove that female zebrafish mature sooner (at 3 months) than male zebrafish (>4.5 months).  Also the importance of focusing on the nutritional needs of the male zebrafish was stressed. 

  

QUESTIONS: 

1. What is the common name for Artemia?

2. Name one (1) research area for which zebrafish is commonly used.

3. According to the article when are female zebrafish sexually mature?

4. T/F. The size of the female fish is a key factor in the amount of sperm released by male zebrafish during spawning.

  

ANSWERS: 

1. Brine shrimp

2. Genetics; Developmental Biology

3. 3 months of age

4. True.


Management
Kollmus et al. Structural and Functional Concepts in Current Mouse Phenotyping and Archiving Facilities, pp. 418-435
Domain 4: Animal Care

Primary Species: Mouse (Mus musculus)

SUMMARY: Considering that the mouse is one of the leading experimental models of human disease and that it is estimated that more than 35,000 mutant mouse lines and about 4000 lines from genetic reference populations will become available, suitable facilitates will be needed to support this demand.  These facilities will need to adequately characterize, archive and disseminate these lines and their information in a high-quality, high throughput format.  The authors, in an effort to establish key concepts in facility design (including organization and function) and summarize them in one document, visited 9 existing research facilities and 3 commercial breeders in Europe, Canada, the US, and Singapore.  Their visits included documentation of the organization (hygiene and flow of mice, personnel, and material), phenotyping (outline of labs, procedures, assays, pipelines, and others), archiving (outlines of rooms, special requirements, and concepts), building plans (outline of rooms, floors, attics), and technical specifications (construction materials and interior finishes) of the respective facilities.  Summarizing the collected data they were able to deduce several important concepts for designing and implementing large-scale animal facilities.  These key concepts are summarized below.

Floor plans assessment was split into 3 groups and analyzed by schematics similar to those below.  These units were described as zoning, flow and hygiene, and functional and were compared amongst all facilities to establish commonalities.  Building specifications were summarized in table format and included common and unique features.  Conclusions of facility design were that while designs varied (based on location, regulations, local needs, etc.), building specifications were uniquely conserved including animal holding specifications.  

A - Zoning scheme                   B - Flow and hygiene scheme                     C - Functional unit scheme
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These building plans and specifications allowed the research team to define several principle functional units that would be necessary to define a state of the art large scale mouse facility.  These units included, core breeding, breeding and holding, phenotyping, archiving, containment quarantine, transgenic unit, and support infrastructure and were found to be all tightly united.  In addition to common units and functions there were multiple design errors and flaws determined by evaluating feedback from employees and managers.  One of these design issues included the size and capacity of holding rooms and quarantine rooms, and was rectified by planning and redesigning multiple rooms of various sizes to accommodate changes in experimentation, equipment, and personnel flow.  Another issue was the size of the procedure rooms and the number that were available as the need for varying sizes changes with the types of procedures performed (e.g. behavioral testing vs. specialized equipment holding and use).  Still other issues reported were due to building specifications and reduction of costs.

In summary, there have been other publications addressing facility planning and design.  This report differs in its attempt to systematically describe current facilities with focus on their designs and concepts.  The report as a whole offers a highly detailed description of 9 large research facilities and 3 commercial breeders.  The full report and standardized data sheets are available upon request.

QUESTIONS:

1. What are the 7 principle functional units that were described in the article that the research group felt defined a state-of-the-art facility?

2. Which principle functional unit in most of the facilities has the highest hygiene level and access restrictions of the entire facility?

3. What were four concerns facilities had with their current or previous designs?

ANSWERS:

1. Core breeding unit, breeding-holding unit, phenotyping unit, archiving unit, quarantine unit, transgenic unit, and support infrastructure.

2. Core breeding unit

3. Size and capacity of holding or quarantine rooms, size and number of procedure rooms, support infrastructure (autoclave capacity, storage space), and lack of cost reductions.

Health Surveillance

Lofgren et al. Prevalence of Murine Helicobacter spp. Infection Is Reduced by Restocking Research Colonies with Helicobacter-Free Mice, pp. 436-442
Domain 1: Management of Spontaneous and Experimentally Induced Disease and Conditions; T2. Control spontaneous or unintended disease or condition 

Domain 4: Animal Care; T3. Manage or provide indirect management/oversight of laboratory animal facilities

Primary Species: Mouse (Mus musculus)
SUMMARY: Enterohepatic Helicobacter spp. (EHS) infections are endemic in the majority of research mouse facilities. Although this usually causes subclinical infections in immunocompetent mice, opportunistic infections can confound experimental data and chronic disease in immunodeficient and some inbred strains can cause serious health issues. This study evaluated the prevalence of EHS before and after a 10-y period of requiring imported mice be free of EHS, which was accomplished through embryo transfer rederivation or purchase from approved EHS negative vendors. CD1 dirty bedding sentinels from 6 different facilities were tested using fecal samples for PCR to detect all known EHS. Positive samples were speciated with specific primers. Most EHS were detected within the first month of dirty bedding exposure with co-infections more commonly seen. Compared to the previous data, the greatest reduction in EHS was seen in colonies importing the largest percentage of EHS-free mice; however, EHS remained endemic in colonies importing low numbers of EHS-free mice. This study shows that management policy changes can reduce EHS prevalence on an institutional scale without intensive labor or expense associated with other EHS eradication methods.

QUESTIONS: 

1. How long did it typically take to detect EHS after dirty bedding exposure?

a. 2 weeks

b. 3 weeks

c. 4 weeks

d. 5 weeks

2. True or false: Monoinfections of EHS were more commonly found.

3. What was the most commonly identified EHS in the study?

a. H. bilis

b. H. rodentium

c. H. typhlonicus

d. H. hepaticus

ANSWERS:

1. c. 4 weeks

2. False

3. d. H. hepaticus
Dorn et al. Low Prevalence of Chagas Parasite Infection in a Nonhuman Primate Colony in Louisiana, pp. 443-447

Primary Species: Macaques (Macaca spp)
Secondary Species: Baboon (Papio spp.)

SUMMARY: Infection with the hemoflagellate parasitic pathogen Trypanosoma cruzi, the Chagas disease, has been reported sporadically in NHP colonies in the United States. T. cruzi is typically transmitted to humans by triatomine insects commonly known as the “kissing bug”. The first case of T. cruzi in a NHP in the United States occurred in the Delta Regional Primate Research Center in Covington, LA now called the Tulane National Primate Research Center (TNRPC). This case suggested local transmission because Chagas is endemic only to the Americas. To understand the prevalence of  local infection of T. cruzi at the TNRPC, a serological survey of 2157 NHP residing in the center was conducted. An immunochromatographic rapid dipstick assay for the detection of T. cruzi antibodies in NHP was validated by being tested on 7 archived NHP serum samples that had previously tested positive for  T. cruzi antibodies by using 1 of 3 serologic tests (enzyme immunosorbance assay, indirect immunofluorescence, and compliment fixation. The dipstick assay showed positive results on 6 of 7 T. cruzi- positive control NHP serum samples. All 10 negative-control NHP serum samples also were negative by the dipstick assay. This test was then used to assay plasma samples from 2157NHP from the center. Of the 2157NHP plasma samples, 34 (1.6%) tested positive for T. cruzi antibodies by the dipstick assay. The species showing the highest infection prevalence was pig-tailed macaques (3.1% of those tested). Perhaps pig-tailed macaques are especially susceptible and therefore might be explored as an animal model for Chagas disease. Confirmation of the serologic test was provided by hemoculture of buffy coat from 4 NHP and PCR amplification of a T. cruzi-specific band from cultured parasites. Because the vast majority of the seropositive NHP (25 of 34, 63.5%) were captive-bred and raised in Louisianan; these findings strongly suggest local transmission of T. cruzi. The identification of a mother-offspring pair among the seropositive NHP suggests possibility of congenital transmission, an area of considerable interest in the Chagas community. Chagas should be considered as a differential diagnosis for unexplained heart disease.
QUESTIONS:
1. What causes Chagas disease and how is it transmitted?  

2. The first case of T. cruzi in NHP occurred where?

3. What species of NHP could possibly be explored as an animal model for Chagas disease?

4. T. cruzi can be transmitted from infected animals to caregivers and lab workers through contamination with infected blood?  T or F

ANSWERS:
1. Trypanosoma cruzi; triatomine insect vectors (kissing bug) through contact of parasite containing feces with mammalian mucous membranes or through a break in skin

2. Covington, LA

3. Pig-tailed macaques

4. T

Anesthesia

Kolstad et al. Effect of Pain Management on Immunization Efficacy in Mice, pp. 448-457
Domain 2: Management of Pain and Distress

Primary Species: Mouse (Mus musculus)
SUMMARY: Rodents are frequently immunized with complete Freund adjuvant (CFA) or incomplete Freund adjuvant (IFA).  This is commonly viewed as a painful procedure; however, analgesics may not be used due to concern that their use may effect the desired immune response.  This study tested the hypothesis that analgesics can be used to relieve the pain associated with immunization with CFA or IFA without impacting the effectiveness of the immune response in rodents.  

Mice were immunized SQ in the leg with CFA or IFA and assessed for signs of pain using behavioral tests (open field test, forced treadmill running, and voluntary wheel running).  Effects of the analgesics acetaminophen, meloxicam and buprenorphine on behavioral and antibody responses were assessed after primary and secondary immunization with the model antigen ovalbumin and after repeated immunization with a limiting dose of recombinant protective antigen from Bacillus anthracis.

Open field activity and distance traveled during forced treadmill running and voluntary wheel running decreased after immunization with CFA or IFA.  Treatment with each of the analgesics normalized some but not all of these behaviors after immunization.  The analgesic treatment did not decrease the mean or maximal antibody titer after primary or repeated immunization with a moderate dose of ovalbumin or after repeated immunization with a limiting dose of protective antigen.

In summary, acetaminophen, meloxicam and buprenorphine attenuated the effects of pain after immunization without decreasing antibody responses.  The use of these analgesics to manage rodent pain after immunization with CFA or IFA should be encouraged.

QUESTIONS:
1.
True or False:  As defined by the USDA and the Animal Welfare Act, a painful procedure is any procedure that would reasonably be expected to cause more than slight or momentary pain or distress in a human being to which that procedure is applied.

2.
True or False:  Open-field measurements reflect responses to a novel environment and are less sensitive measures of wellbeing than are those obtained repeatedly or in the home cage.

3.
Which of the following readily observable physical signs was a sensitive indicator of pain and distress after immunization with CFA or IFA in mice?
a.
Body temperature

b.
Erythema at immunization site

c.
Swelling at immunization site

d.
General physical activity

e.
None of the above

ANSWERS:
1.
True

2.
False—they are a more sensitive measure.

3.
e; none of the above.  

Li et al. Effects of Different Anesthetics on Oscillations in the Rat Olfactory Bulb, pp. 458-463

Domain 3: Research

Species: Primary, Rat (Rattus norvegicus)

SUMMARY: This paper examined the effects of chloral hydrate, pentobarbital, and urethane on different types of oscillations in the rat olfactory bulb (OB).  The 3 typical types of oscillations in the OB are: Θ band (1-4 Hz and 5-12 Hz), β band (13-30 Hz), and γ band (31-64 Hz and 65-90 Hz).  Chloral hydrate and pentobarbital exhibited similar effects: minimal effect on Θ oscillations, significantly increased β oscillations, significantly decreased γ oscillations, and similar recovery of γ oscillations.  Urethane exhibited different effects: significantly increased oscillations at 1-4 Hz, but decreased those at 5-12 Hz, decreased β and γ oscillations, and showed no overt recovery in γ oscillations.  These results provide evidence for the need to select an appropriate anesthetic to explore OB oscillations effectively.
QUESTIONS:
1.
Which of the following anesthetics targets both glycine and GABAA  receptors?

a. Chloral hydrate

b. Pentobarbital

c. Urethane

d. All of the above
2. Which of the following anesthetics targets only the GABAA  receptor?

a. Chloral hydrate

b. Pentobarbital

c. Urethane

d. All of the above
3. Which of the following anesthetics targets GABAA , glycine, and glutamate receptors?

a. Chloral hydrate

b. Pentobarbital

c. Urethane

d. All of the above
4. __________ anesthetized animals are thought to have similar physiologic and pharmacologic behaviors as unanesthetized animals.

a. Chloral hydrate

b. Pentobarbital

c. Urethane

d. Ketamine

ANSWERS:
1. a
2. b
3. c
4. c
Lalonde-Robert et al. Pharmacologic Parameters of MS222 and Physiologic Changes in Frogs (Xenopus laevis) After Immersion at Anesthetic Doses, pp. 464-468

Domain 2: Management of Pain and Distress; K1. Assessment of pain and distress (e.g., behavior which is a sign of pain and/or distress; physiologic changes; pain and distress scoring systems); K2. Causes of pain; K3. Causes of distress; K4. Effects of pain and distress on normative physiology and on research studies

Secondary Species: African clawed frog (Xenopus spp.)

Methods: The authors evaluated the anesthetic efficacy of MS222 (dose, 1 or 2 g/L; pH 7) administered as an immersion bath (duration, 20 min) for nonbreeding female Xenopus leavis frogs (n = 33; average body weight, 103 ± 16 g). To access depth of anesthesia and pain, the acid acetic test, withdrawal reflex, righting behavior, heart rate, respiratory frequency, and blood oxygen saturation were evaluated. 

Results:  The acetic acid and withdrawal reflex responses were present at 30 and 60 minutes following immersion for the 1- and 2-g/L doses, respectively. Of interest, MS222 had no effect on heart rate or oxygen saturation, but caused pronounced respiratory depression, as expected. Histological analysis observations of heart, lung, liver, kidneys, and skin showed no evidence of pathological lesions 24 hours post immersion. Pharmacokinetics of MS222 in plasma and analyzed the drug by HPLC-tandem mass spectrometry determined the half-life of MS222 is 3.2 hours. 

Discussion: The surgical anesthetic evaluation and the acetic acid test together showed that the duration of anesthesia is less was less than 30 minutes at 1 gram/L and less than 60 minutes at 2 gram/L MS222.  In the group of frogs receiving the 2 gram/L MS222 dose the withdrawal reflex occurred in all frogs approximately 20 minutes later than did the acetic acid test response.  The authors also note that the acetic acid test only occurred in a third of the frogs at the 30 minutes.  Therefore, both the acetic acid test and the withdrawal reflex should be used concurrently to evaluate depth of anesthesia in Xenopus leavis immersed in MS222.

Conclusion:  The authors concluded that MS222 administered at 1 or 2 g/mL via immersion bath for 20 min is an effective anesthetic that can be used for surgical procedures of less than 30 or 60 min, respectively, in Xenopus leavis. 
QUESTIONS:

1.  
True or False: Amphibians requires much higher concentrations of MS222 that due mammals.

2. 
MS222 stands for which of the following?

a. 
Eugenol

b. 
Benzocaine

c. 
Tricaine methanesulfonate

d. 
Tiletamine combined with zolazepam

3.  
What is the common name of Xenopus laevis?

a. 
African clawed toad

b.  
Bufo marinus

c. 
African clawed frog

ANSWERS:
1. 
True (reference #3)

2.   c
3.
c
Experimental Use

Rasid et al. Assessment of Routine Procedure Effect on Breathing Parameters in Mice by Using Whole-Body Plethysmography, pp. 469-474
Domain 3: Research

Primary Species: Mouse (Mus musculus)
 

SUMMARY: The effect of restraint, ear marking, tail vein and retroorbital blood sampling, and tail clipping was assessed using whole-body plethysmography in BALB/c x hybrid mice.  Baseline values were determined; significant differences were noted between sexes.  Post-procedure plethysmographic recordings were obtained immediately, and at 4, 24 and 48 h.  The different procedures had varying effects on minute volume.  Analysis of data showed that routine procedures affect minute volume in mice depending on invasiveness of maneuver and in a sex-biased manner for as long as 24 h post-procedure.  Plethysmography is an effective tool in monitoring respiratory parameters in mice.

 

QUESTIONS:

1. 
Plethysmography is:

a. 
Used only to assess lung function.

b. 
Used only in small laboratory rodents.

c. 
Used to record changes in the size an organ.

d. 
Only effective when used on an anesthetized animal.

2. 
Mice and rats have:

a. 
3 right lung lobes and 2 left lung lobes.

b.  
1 right lung lobe and 4 left lung lobes.

c.  
2 right lung lobes and 3 left lung lobes.

d.  
4 right lung lobes and 1 left lung lobe. 

3. 
In this article, statistical analysis of the data for various parameters was accomplished using the 2-tailed paired t test or the 2-way ANOVA.   Regarding statistics:        

a. 
If the P value is sufficiently small, the investigator can accept the null hypothesis.     

b.  
Including a pilot study in the main study may increase Type 2 errors.

c.  
A Type 1 error is also called a false discovery.

d.  
Alpha is the probability that the null hypothesis will be accepted when it actually true.

ANSWERS:

1.       c
2.       d
3.       c
 
Kale et al. Effect of Repeated Freezing and Thawing on 18 Clinical Chemistry Analytes in Rat Serum, pp. 475-478

Domain 1

Primary Species: Rats (Rattus norvegicus)
SUMMARY: This paper determined the effects of 3 freeze-thaw cycles on rat serum clinical chemistry analytes stored at three different temperatures. Blood was collected from 30 rats via the retroorbital plexus, analyzed immediately and then stored at different temperatures: refrigeration (2-8°C), frozen (-10 to -20°C), or deep frozen (-70°C).  Samples that were refrigerated and frozen were analyzed after brining to room temperature at 24, 48, and 72 hours, while samples that were deep frozen were thawed and analyzed after 24h and 7 and 30 days.  Clinical chemistry analytes were performed for the following parameters: glucose, triglycerides, total cholesterol, HDL cholesterol, AST, ALT, ALP, total bilirubin, total protein, albumin, urea, uric acid, creatine kinase, calcium, phosphorus, sodium, potassium, and chloride.  All the analytes were stable at all three temps at the 24h time point compared to fresh sample values.  At the second freeze-thaw cycle, glucose was increased at the frozen temperature, albumin was increased at frozen and deep freeze temperatures and triglyceride was increased at the deep freeze temperature.  After the third cycle, chloride at the refrigerator and frozen temperature was significantly changed and the albumin was different at the frozen temperature.  All other analytes were stable at all three storage temperatures.  In conclusion, chloride was found to be unstable after 3 freeze-thaw cycles unless stored at deep freezing temperatures and albumin was unstable after 2 and 3 cycles when stored at freezing temperature.  It is important to note that these analyses were done in healthy rats and diseased or abnormal animals may have different results and that the relative stability of the majority of the analytes does not change the preference of the using fresh serum samples.

QUESTIONS:
1. 
The three different temperature ranges used were:

a.  
2-8°C, -10 to -20°C, and -100°C

b. 
-2 to -8°C, -10 to -20°C, and -100°C

c.  
2-8°C, -10 to -20°C, and -70°C

d. 
0°C, 32°C, and -70°C

2. 
Chloride is stable after 3 freeze-thaw cycles at what temperature?

a. 
Refrigeration 

b. 
Freeze

c. 
Deep freeze

3. 
Albumin is unstable after 2 or 3 freeze-thaw cycles when stored at what temperature?

a. 
2-8°C

b. 
-10 to -20°C

c. 
-70°C

ANSWERS:         
1. 
c       
2. 
c       
3. 
b
Brunell. Comparison of Noncontact Infrared Thermometry and 3 Commercial Subcutaneous Temperature Transponding Microchips with Rectal Thermometry in Rhesus Macaques (Macaca mulatta), pp. 479-484

Domain 3: Research 

Primary Species: Macaques (Macaca spp)
SUMMARY: Body temperature readings obtained by rectal thermometry were used as the "gold standard" to which readings obtained by subcutaneous temperature transponding microchips or non-contact infrared laser thermometer readings were compared.  Microchips had best correlation to rectal temperatures, but were impractical in unsedated animals due to difficulty in positioning animals in the squeeze cage and the proximity required to get a reading. In addition, microchips may be damaged or removed by cage mates. Non-contact infrared temperature measurement was easiest performed in unsedated animals but lacked correlation with rectal temperatures. 

QUESTIONS:
1. 
Regarding temperature measurement, which of the following is true? 

a. 
The stress of chemical or manual restraint may alter the validity of the temperature measurement obtained 

b. 
Rectal temperatures can be influenced by the presence of feces in the rectum 

c. 
Repeated sampling increases the risk of rectal bruising and tearing 

d. 
All of the above 

2. 
Subcutaneous temperatures may differ from rectal temperatures because 

a. 
The subcutaneous temperatures may be affected by ambient temperatures or wet fur 

b. 
A lag time between changes in core and subcutaneous temperatures could account for some of the disagreement between temperatures 

c. 
The location of microchip implantation and the amount of subcutaneous adipose tissue could influence temperature readings 

d. 
All of the above 

3. 
Noncontact infrared thermometers are similar to subcutaneous transponders in that 

a. 
Both measure surface temperatures 

b. 
The temperatures obtained may be influenced by ambient temperatures or wet fur 

c. 
The presence of hair seemed to affect the ability of the beam to reach the skin surface sufficiently to measure temperatures 

d. 
All of the above 

ANSWERS:
1. 
d 

2. 
d
 

3. 
d 

