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Berset et al. Federation of European Laboratory Animal Science Associations recommendations of best practices for the health management of ruminants and pigs used for scientific and education purposes, pp. 117-128

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

Primary Species:  Pig (Sus scrofa)

Secondary Species: Sheep (Ovis aries) and Goat (Capra hircus)

Tertiary Species: Other Livestock
SUMMARY: Federation of European Laboratory Animal Science Associations (FELASA) made this publication to provide practical guidance for an optimal health management programme for ruminants and pigs used for scientific and educational purposes.

A successful, comprehensive and relevant health management and monitoring programme relies on expert professional judgement and cannot be based on ‘recipes’. In consequence, a prerequisite of paramount importance applicable to a successful and relevant health management programme is to be designed by a competent and skilled attending veterinarian and conducted under her/his supervision. The attending veterinarian should also have sufficient authority to take the appropriate action, accompanied by excellent communication skills.

It is important to appreciate the difference between the screening list and the exclusion list. The former can be purely informative and may include the monitoring of resident microbiota as an indication of the efficiency of the bio-exclusion precautions. The exclusion list is of more immediate scientific importance because if a positive result is found, this may invalidate experimental results and perhaps may lead to a major eradication programme, or even replacing the colony with all related ethical, practical and economic consequences.

Key Factors:

1)  Absence of specific pathogenic microorganisms and the presence of an associated microbiota which is fully consistent with the desired characteristics of the animal model.

2) The nature, the sample size and the frequency of health monitoring of a herd, colony or group of animals should be tailored locally and according to many considerations, such as the source of the animals, the housing conditions, the health management programme (with physical and procedural barriers), the history and the assessed risk of contamination on site, the intended research use of the animals and the related exclusion list.

3) 
It is recommended to make sure that the animal supplier complies not only with the regulations in force but also with key requirements such as quality management and organisation, adequacy of resources (quantitative and qualitative, in various expertise fields) and the implementation of adequate animal welfare standards in terms of procedures and practices

4) 
Experience with the relevant species

It is strongly recommended to issue and sign a quality and technical agreement with the breeder. The core of the document includes a general quality policy requirement between the two parties, and one or several appendix/appendices cover the ‘technical specifications’, each addressing one category of service (e.g. one type of supply) contracted and details all the technical information necessary for its proper execution.

Health Management Considerations For Animal Procurement
Each specialised breeder or user should establish, validate and assure a more or less restrictive definition of ‘high confidence/stringency in health status’ which matches the specific expectations and scientific/educational activities for which the animals are to be used and which clearly references the methods used to control exclusion and to monitor the microbiological status of the animal. On the exclusion list, the agents subject to national and international animal health programmes should be marked as such because there will be information on the animals' health status available through other means.

The specialised breeder or supplier is expected to provide: (a) the list of agents for which screening is carried out, the frequency of testing and sampling strategy and methods; and (b) the exclusion list, with a predefined policy for each agent which may be identified. Some studies may require the use of animals free of specific antibodies. This is usually the case for research and development of veterinary vaccines and research of infectious diseases. In this case, serological screening is not only a means of monitoring the absence of the microorganisms in the breeding colony, but also a prerequisite for some categories of vaccine efficacy and safety studies.

Each institution should establish an agricultural animal care and use programme with clearly designated lines of authority in accordance with the applicable governmental laws, regulations and institutional policies.

Maintenance of a defined health standard requires a properly implemented and comprehensive ‘bio-exclusion’ programme, aiming at ‘zero contamination’ of the animal colonies. It requires careful facility design, including suitable finishes of floors, walls, ceilings, housing, caging and handling equipment, and rigorous application of procedures associated with education and training of personnel. A health-monitoring programme should be designed, kept under review and duly implemented.

Any disease process – whether nutritional, environmental, neoplastic or infectious – needs to be controlled for. Given the relatively uncontrolled environment under which they are produced and the intensive nature of their productivity, it is much more difficult to control these factors than with rodent models. A thorough review of on-farm management, any site-associated diseases and thorough periodic clinical examination are necessary to ensure the provision of healthy animals.

Farm visits should be undertaken. The first visit is very important in order to examine how the animals are housed and the biosecurity measures in place and to ask questions which may be relevant to specific uses of the animals. If the user establishment then decides to collaborate with the farm, periodic visits should be carried out, and a collaboration agreement should be prepared and put in place.

The main criteria to be considered for evaluation of a potential supplier are:

a) 
Type of facility and animal housing conditions

b)
Health status history of the farm

c) 
How the breeder introduces new animals

d) 
Proximity of the farm to the research centre

e) 
Availability to allow the separation of animals

f) 
Duration between loading and delivery of animals during transportation

g) 
Clear and transparent communication and mutual trust

h) 
Normalising the response to specifications in a collaborative agreement

i) 
Capacity of the farm

The farm should inform about aspects of animal management and changes that may influence this (e.g. diet and medication). However, it is essential that any active diseases present within a herd/flock are thoroughly investigated – an arrangement around which the researcher and farm/farm veterinarian can be made with respect to subsidising any diagnostic procedures such as laboratory tests. The actual pathogens being tested for will be either based on its likely potential to damage animal health or be an uncontrolled and significant confounding factor in experimental studies and/or its zoonotic potential. It is very important to have appropriate written documentation, including the detailed description of the health management programme, health certificates listing the agents for which the animals were tested/screened, the number of animals tested, and the number of positive results, historical results and measures taken during the past 18 months to address positive findings, the laboratory method used for testing/screening, the name of the laboratory where the tests have been performed. 

The transport of pigs and ruminants should be organised and conducted in a manner that is compliant with the relevant legislation and takes into account animal welfare, physical safety considerations and biosecurity.  It would be preferable to choose a supplier as close as possible to the user establishment in order to reduce the stress of the transported animals. The shipping process is stressful for animals and disrupts their normal environment. The purpose of acclimatisation is to allow the animals to recover from the stress of transport and to adjust to the new environment. All efforts should be made to minimise the impact of the new environment by initially retaining the same social groups, litter material or food and only gradually introducing the materials which will be used during the study. An important factor that determines the acclimatisation time is the relationship of trust and confidence that the animals must acquire with the people who will take care of them at all levels. The acclimatisation process should be completed prior to the experimental use of the animals.

Quarantine is a procedure that requires the isolation of groups of animals awaiting outcomes of health assessment, in particular to protect the health of animals already in the facility. The quarantine requirements can be met by a variety of combinations of physical provisions and procedures. Quarantine allows subclinical disease to manifest after exposure to the new environment at the user establishment before the animals are used for studies where these confounding phenomena could jeopardise the validity of the research. The quarantine duration depends on the incubation period of the microorganism(s) for which the animals will be monitored and screened. The length of the incubation period may pose significant challenges. When judged appropriate (depending on the incubation time of the disease), the quarantine period might be extended. In the case of unexpected deaths or unplanned euthanasia, diagnostic necropsy is very important and informative

The same health management strategies that apply for the suppliers also apply to the user establishment:  (a) separation of animals from different origin farms and securing of adequate quarantine procedures; (b) separation of different species, sexes and ages; and (c) meeting legal requirements for keeping ruminants and pigs. When using agriculture animals for research purposes, the applicable regulation and standard are Directive 2010/63/EU8 and Convention ETS 123.

Regarding the experimental housing of domestic pigs and ruminants as a model for human diseases, a basic standard monitoring programme and barrier system must be developed for each research institution. In accordance with the specific research field and study settings, it is important to set up a more individual approach to health and welfare assessment and management. Appropriate measures to ensure the animals’ well-being should be considered.  The hygiene and husbandry procedures should be based on a risk assessment and should be proportional to the type of experiment being performed and its biosafety level. All surfaces should allow appropriate decontamination and at the same time be safe for the animals and the facility’s personnel. Furthermore, cross-contamination by waste handling should be prevented.

The health management programme depends:

1) 
Risks of introducing agents through inanimate vectors (material) or live vectors (pests, other animals, humans) and to establish control policies for these risks

2) 
Monitoring of the animals with regular clinical health checks of the animals

3) 
A contingency plan, a  predefined action plan needed in case of unexpected positive results, depending on their impact on people and animals, studies  and facility.

QUESTIONS
1.
Which are factors to be considered for the health management of farm animals?

a.
Clear communication and good collaboration with the various suppliers

b.
An appropriate ‘health standard’ or ‘microbiological status’ of the animal

c.
Existence of a policy on testing

d.
Adequately trained staff

e.
All of them

2.
T/F: An agnotoxenic animal has a 'positive’ and exhaustive definition of their microbiota, including any infectious, opportunistic or commensal agent

3.
T/F: A gnotoxenic animal has  no positive and comprehensive definition of their microbiota

ANSWERS
1.
e

2.
F (is gnotoxenic)

3.
F (is agnotoxenic)

 
REVIEW ARTICLE

Leenaars et al. Reviewing the animal literature: how to describe and choose between different types of literature reviews, pp. 129-141

Domain 3: Research

 

SUMMARY: Literature reviews should always be performed before starting any research project to prevent repetition of research and increase the reliability and relevance of the planned study. Often reviews follow the PICO format where PICO stands for population, intervention, comparison and outcome. The authors introduce a common terminology for the different types of reviews with the aim to prevent ambiguity and increase appropriate interpretation of the conclusion of the reviews. The different review types as defined by the authors are: narrative review, mapping review, scoping review, rapid review, systematic review and umbrella review. The narrative review is the traditional literature review. Experts in their scientific field were familiar with all relevant literature and could write a thorough review with a solid conclusion, based solely on their expertise but at the current pace of publication staying up to date is only possible for a very narrow topic and even then, it is easy to miss relevant research. Thus, narrative review are at an increasing risk of being biased to a single opinion of particular researchers. A mapping review is a high-level review with a broad research question and it comprises a full comprehensive systematic search of a broad field. It represents the global results in a user-friendly format. A scoping review is a preliminary explorative assessment of the potential size and scope of the available literature on a topic and are generally smaller than a mapping review. Note that the validity of the outcome of a scoping review is restricted to the sample. A rapid review is a specific type of scoping review aimed at answering a specific question, when an answer to a research question is urgently needed. Compared to a full systematic review there are a number of shortcuts for example searching only one database, restricting the included papers to those in English or to certain publication dates. A full systematic review is designed to locate, appraise and synthesize the evidence to a specific research question in an evidence-based manner. The key characteristics are clearly stated objectives, predefined eligibility criteria for inclusion, explicit and reproducible methodology, a comprehensive systematic search, assessment of the validity of the findings and a systematic synthesis of the evidence, ideally using meta-analysis. Systematic reviews are least prone to bias and will answer research questions most reliably. An umbrella review is a review of reviews on a specific topic. The following simplified flow scheme will help to determine the optimal review type ignoring time and resources:
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QUESTIONS
1. 
True or False? Rapid reviews are generally not used in animal research, because the research question is rarely urgent enough to warrant shortcuts

2. 
Which review type is a good choice if your field of study is large?

a.
Scoping review    

b.
Mapping review      

c.
Narrative review

d.  
Systematic review    

3. 
Which review type is least prone to bias and will answer the research question most reliably?

a. 
Rapid review

b. 
Scoping review

c.
Systematic review

d. 
Narrative review

ANSWERS: 
1.  
True

2. 
b
3. 
c
 

 
ORIGINAL ARTICLES

Koch et al. Comparison of the effects of osmotic pump implantation with subcutaneous injection for administration of drugs after total body irradiation in mice, pp. 142-149
Domain 1

Primary Species: Mouse (Mus musculus) 

SUMMARY: Radiation exposure is able to damage the hematopoietic system, causing a potentially fatal hematopoietic acute radiation syndrome (H-ARS). Thus, for the past decades researchers have been developing countermeasures to prevent radiation toxicity. Currently, the only three drugs approved have to be administered via several subcutaneous or intramuscular injections after the exposure but prior to symptom appearance. Animal experimentation is required to search for novel radiation mitigators and alternative routes. The aim of the study was to determine whether the implantation of osmotic minipump was better than daily subcutaneous injections for drug testing in irradiated animals. Female C57BL/6J mice were assigned to one of the study groups: pump implantation (7 days prior to irradiation), daily needlestick (during 14 days after irradiation), or no intervention. Mice were irradiated with a single dose of 7.7 Gy 60Co total body irradiation (TBI) or sham-irradiated. There was significantly greater weight loss in the pump group than in the needlestick group of irradiated mice. Survival amongst the three groups was not significant, although the implantation of osmotic pumps resulted in greater mortality. The outcome in the pump group suggest that the surgical procedure caused a combined injury with irradiation and, therefore, daily injections are preferred in mice irradiation studies.  

QUESTIONS (True or False)
1.
There was an increased weight loss after the 14 days of needlesticks due to stress associated. 

2.
Mice implanted with osmotic pumps presented greater weight loss than daily needlestick group, therefore it suggests that pumps cause a combined injury problem together with irradiation.  

3.
Osmotic pumps implantation did not result in significantly greater mortality therefore is an adequate method of drug administration in rodent irradiation experiments. 

ANSWERS 
1.
False 

2.
True 

3.
False 

Katz et al. Computational fluid dynamics applied to the ventilation of small-animal laboratory cages, pp. 150-157

Domain 3: Research

Primary Species: Rat (Rattus norvegicus)
 

SUMMARY: Several in vivo and in in vitro studies have found positive results for argon in neuroprotection against ischemic pathologies.  However, the medicinal use of argon requires non-clinical toxicity testing.  The authors studied the effect of an argon-rich atmosphere on rats for several days.  However, the long exposure resulted in technical and logistical challenges including extremely large volumes of experimental gas and difficulty with handling the number of cylinders required for the study.  The authors utilized a computational fluid dynamics (CFD) analysis of the preliminary design to address the aforementioned concerns.  The simulation results compared well to the experimental results.  The authors conclude that the CFD results are representative of gas distribution and provide confidence in design suitability.

 

QUESTIONS
1. _______________ is the general term for techniques that discretize space and time to solve the equations of motion for fluids.

a. Gas velocity dynamics

b. Thermal diffusion coefficient

c. Computational fluid dynamics

d. Mass transfer coefficient

2. Which of the following have shown promising results in neuroprotection against ischemic pathologies?

a. Argon

b. Nitrogen

c. Radon

d. Helium

 

ANSWERS
1. c

2. a

 

Moretti et al. Haematological, serum biochemical and electrophoretic data on healthy captive Egyptian fruit bats (Rousettus aegyptiacus), pp. 158-169
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Tertiary Species: Other Mammals

SUMMARY: The purpose of this study was to establish hematological, biochemical, and electrophoretic reference intervals for captive Egyptian fruit bats. Peripheral blood was drawn under anesthesia as part of a routine health assessment prior to gonadectomies. Complete blood count (CBC), serum biochemistry, and agarose gel electrophoresis were performed. CBC revealed mild polychromasia regardless of hematocrit, indicating it may be associated with normal erythrocyte maturation. The predominant leukocyte was the neutrophil. The serum chemistry revealed a variable glucose concentration, which may be associated with feeding, anesthetic drugs, or stress. Triglycerides were lower than other bats and mammals. CK was variable and higher than in other mammals and may be associated with restraint, IM injections, flying activity, or drugs. The upper reference interval of BUN was also higher than other bats and may be related to energy shortage. The ALP was higher in juvenile bats compared to adults similar to other species. Electrophoresis showed a clear division into 5 fractions representing albumin, alpha, beta-1, beta-2, and gamma globulin. A moderately higher albumin content was noted compared to other animals despite no signs of dehydration. 

QUESTIONS
1.
Which of the following is NOT considered a fruit bat?

a. 
Rousettus aegyptiacus
b. 
Artibeus jamaicensis
c. 
Eptesicus fuscus
d. 
Carollia perspicillata
2.
Egyptian fruit bats are considered a reservoir for which of the following viruses:

a. 
Marburg virus

b. 
Hantavirus

c. 
Hepatitis A virus

d. 
Measles virus

3.
Along with Egyptian fruit bats, in which of the following species are neutrophils the predominant leukocyte?

a. 
Zebrafish

b. 
Rats

c. 
Nonhuman primates

d. 
Pigs

ANSWERS
1.
Eptesicus fuscus (Big Brown Bat)

2.
a. Marburg virus

3.
c. Nonhuman primates

Galganski et al. Minimizing the risk of occupational Q fever exposure: A protocol for ensuring Coxiella burnetti-negative pregnant ewes are used for medical research, pp. 170-176

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

Species:  Secondary –  Sheep (Ovis aries)

 

SUMMARY: Q fever is a zoonotic disease caused by the bacteria Coxiella burnetii. It infects ruminants such as cattle, sheep and goats.  While most animals are asymptomatic, it may cause abortions.  The organism is prevalent in body fluids of infected animals, especially amniotic fluid.  The organism can persist in the environment for months to years and humans become infected by direct contact or the inhalation of aerosolized bacteria. Once infected, symptoms of Q fever include fever, chills, night sweats, headache, fatigue and chest pains. Pneumonia and hepatitis can occur in serious cases. In pregnant women, infections can cause premature delivery, abortion and infection of the placenta. In people with pre-existing heart valve disease, endocarditis and death may occur.

 

Sheep are a prevalent animal model in many research studies including those studying the fetus and/or neonates.  As such, there is significant potential for exposure to Q fever for research personnel.  Emphasis has been placed on decreasing the risk of transmission as there is no vaccine for humans commercially available in the US.  Even with preventative measures, there have been outbreaks of Q fever in staff at research facilities where sheep are used.  The seroprevalence of C. burnetii in sheep ranges from 2.7% to 16.5% in the US. The CDC has suggested that the animal surveillance program requiring two negative serologic tests would help to reduce the risk of infection.  Based on this, the objective of this study was to evaluate the effectiveness in eliminating C. burnetii positive sheep from a given facility.
An algorithm was developed for Q fever testing.  All ewes and select lambs were screened twice utilizing a serum Phase 1 and Phase 2 antibody immunofluorescence assay (IFA).  The first screen was performed by the vendor prior to breeding.  Any ewe that was positive was not accepted by the research facility.  The second screen was performed on arrival to the research facility.  Any ewe that was positive was quarantined and retested again with IFA and enzyme-linked immunosorbent assay (ELISA), buffy coat polymerase chain reaction (PCR) and amniotic fluid PCR. Ewes testing negative proceeded with the experimental protocol.  Any lambs produced were tested with serum Phase I/II IFA.  At the research facility, 2 of 306 ewes  were positive on Phase I IFA and 0 were positive for Phase II IFA.  Phase I antigens are associated with high virulence and chronic Q fever while Phase II antigens are avirulent and present in acute infections.  Of the 272 lambs tested, four were positive for Phase I IFA or Phase II IFA.  All further testing was negative in these lambs except for one which remained positive for Phase I IFA.  During this time, no Q fever was reported among husbandry, laboratory or veterinary staff during the study period.  The authors concluded that serologic testing of sheep prior to transport and following arrival at a research facility, in combination with additional PCR testing limits potential exposure to research staff.

 

QUESTIONS

1. Q fever is caused by:

a. Clostridium perfringens
b. Bacillis anthracis
c. Coxiella burnetii
d. Strep zooepidemicus
2. Phase I antigens differ from Phase II antigens in that:

a. Phase I antigens are present in acute infections

b. Phase II antigens are avirulent

c. Phase I and Phase II antigens can be assayed by IFA

d. All of the above.

e. b and c only 

3. Coxiella burnetii:

a. Is prevalent in periparturient fluids 

b. Can live in the environment for months

c. Can cause abortions in ruminants

d. All of the above 

4. Seroprevalence of C. burnetii in sheep ranges from:

a. 2 – 16%

b. 50-70%

c. 0-5%

d. 75-85% 

5. T/F: Q fever doesn’t cause disease in immunocompetent people.

 

ANSWERS
1. c
2. e
3. d
4. a
5. False
 

Gregson et al. Feeding management before gastrointestinal studies in pigs, pp. 177-180

Domain 2: Management of Pain and Distress

Primary Species: Pig (Sus scrofa)

SUMMARY: Pigs are often used as models for GI studies because of their comparable size, physiology and because both pigs and humans are monogastric omnivores.  Many of these studies require a clean intestinal tract which is unobstructed by liquid or food material.  In humans, liquid diet and the use of oral purgatives are commonly used.  However, there is little information on comparable preoperative preparation for laboratory pigs.  A liquid meal replacer (ComplanR) and combination of an electrolyte-rich liquid with mechanical bowel preparation has been used for some procedures.  This study looked at the use of a dietetic feed source (GlutalyteR)as an alternative.  This product is used in calves with digestive disturbances.  Pigs were acclimated to this product along with their concentrated grain.  36-48 hours before anesthetic induction, concentrated grain was discontinued and only an increased amount of Glutalyte was offered.  Pigs were sedated with midazolam, morphine, medetomidine and ketamine.  Anesthesia was maintained with isoflurane.  Blood glucose was monitored.  Anesthesia was maintained for 5 hours.  Glucose supplementation was required in 1 of 11 animals.  The small intestinal lumen was consistently empty of ingesta.  At the end of the procedure, all pigs were euthanized. 
It was noted that no abnormal behaviors were noted in the pigs when their sole diet consisted of Glutalyte. The pigs found the diet to be palatable and consumed most of what was offered.  One factor to be considered is that any edible bedding, such as hay, needs to be removed.  Glutalyte was chosen for this study for its high carbohydrate (Dextrose) and glutamine content.  Dextrose provides calories without fiber and glutamine is a conditionally essential nutrient for enterocytes during periods of stress.  The authors offer that this method of GI preparation for GI studies in swine should be considered as opposed to a prolonged food withdrawal regimen.

QUESTIONS
1. 
T/F: Pigs are good models for many GI disease models because both pigs and humans are monogastric omnivores.

2. 
Various ways to prepare the intestine for GI endoscopy include:

a. 
Prolonged food withdrawal

b. 
Oral purgatives

c.   
Liquid or electrolyte-rich diets

d. 
All of the above.

3. 
Glutalyte has a high carbohydrate (dextrose) and glutamine content.  Which of the following is true?

a. 
Dextrose provides calories without fiber

b. 
Glutamine provides nutrients for enterocytes during periods of stress

c. 
Both a and b

d.  
Neither a nor b

ANSWERS
1.  
True
2. 
d
3.  
c

 

 
CASE REPORT
Floyd et al. Ethmoidal meningoencephalocele in a C57BL/6J mouse, pp. 181-188

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions
Primary Species: Mouse (Mus musculus)
SUMMARY: A 2-month-old female C57BL/6J mouse presented with a moderate left-sided head tilt.
The mouse was housed in an IVC cage with autoclaved aspen chip bedding under standard housing conditions. The mouse was fed a high fat (60%) diet as part of a study protocol and provided with acidified (pH 2.5-2.8) reverse osmosis water. The facility was of SPF-health status.

Possible differential diagnoses for the head tilt included: idiopathic necrotising arteritis, bacterial otitis media/interna (R. pneumotropicus, M. pulmonis, Burkholderia gladioli), meningoencephalitis, an abscess, neoplasia, a congenital malformation, and head trauma (accidental/iatrogenic).
A diagnostic MRI was performed on the day after clinical presentation. The T2-weighted transverse images revealed a space-occupying intra-axial lesion in the right olfactory lobe.
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Figure 1: A space occupying intra-axial lesion in the right olfactory lobe with severe left-sided displacement of the longitudinal cerebral fissure and secondary compression of the left olfactory lobe (arrow).

Following humane killing, a necropsy was done. No external abnormalities, including of the calvaria, were observed.

Histopathological examination of 5-micron paraffin embedded H&E stained sections revealed the lesions described below:
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Figure 2: Coronal sections comparing the case animal (A) with a normal mouse (B). (A) Asymmetry of the olfactory bulb, right olfactory bulb appears more rounded and larger than normal and impinged into the left side occupying approximately 2/3 of the cranial vault; cribriform plate has a full-thickness bone defect (aplasia) and ipsilateral bulb is herniating through it (black arrow) resulting in encephalomalacia; the nasal conchae are abnormally shaped (dysplasia) or absent, the left side being more severe; the nasal bone has asymmetric thickness of the dorsal portion of the nasal bone (arrowhead); the nasal septum is shifted to the right of midline.

The MRI and histopathological lesions were consistent with a fronto-ethmoidal meningoencephalocele. This is believed to be the first report of a spontaneous and congenital fronto-ethmoidal meningoencephalocele in a mouse.

Many spontaneous craniofacial malformations have been described in mice. Craniofacial disorders typically occur as part of as syndrome involving multiple genes and not from the disruption of a specific gene or pathway.

Encephaloceles have been reported in various species including pigs, dogs, horses, cats, calves, rats, rabbits, and goats. In rats, encephaloceles have been induced by hyperthermia during gastrulation. Clinical signs in domestic species include generalized or focal seizures, abnormal behaviour, mentation changes, circling, vestibular ataxia, cerebellar ataxia, proprioceptive deficits, absent or decreased menace response, unilateral decreased nasal sensation, strabismus, intermittent positional nystagmus and hyperesthesia of the head and cervical spine. Secondary infections have been reported as a complication in many different species with encephaloceles, including rhinitis and meningoencephalitis as a sequel due to direct communication of the nasal cavity with the CNS.
QUESTIONS
1. 
Match descriptions (i-iii) of abnormal cranial malformation to conditions a - c:
i. 
Herniation of cranial contents through a defect in a defect in the skull
ii. 
Herniation of brain parenchyma and meninges
iii. 
Herniation of meninges
a. 
Meningocele
b. 
Cephalocele
c. 
Meningoencephalocele
2. 
Meningoencephaloceles in humans are divided into groups based on their anatomic location; the location of the meningoencephalocele predicts prognosis with (FILL IN THE BLANK) defects being associated with worse neurologic signs and outcomes.

a. 
Parietal

b. 
Occipital

c. 
Basal

d. 
Fronto-ethmoidal

 

ANSWERS:
1. 
i - b, ii – c, iii – a

2. 
b
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