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EDITORIAL
Villano and Ogden. Infectious Disease Research: Animal Models and Risk Management, pp. 189-191
SUMMARY: In this editorial, the importance of occupational health and safety program (OHSP) is discussed. People who work with laboratory animals and their byproducts are exposed to different hazards, for example disinfectants, inhalation anesthetics, toxins, drugs, infectious organisms, radiation and allergens. Institutions are responsible for the wellbeing of the people working with laboratory animals and all institution must therefore have comprehensive and robust OHPS, with recurring review to assess its effectiveness and correct shortcomings.

 

6 out of every 10 infectious diseases in humans are spread from animals. Infectious diseases such as Ebola, H5N1 influenza and severe acute respiratory syndrome (SARS) have highlighted the importance of “one-health” worldwide strategy for interdisciplinary collaborations in all aspects of health care for humans, animals and the environment. Research using animal models continues to play an important part in prevention, recognition and control of infectious diseases.

 

QUESTIONS
1.
True or false? A comprehensive OHSP is expected to cover anyone who has direct or indirect contact with animals and their byproducts.

2.
What species is the model of choice to study Ebola virus infection?

 

ANSWERS
1.
True

2.
Macaques

 

SPECIAL TOPIC OVERVIEWS
Dyson et al. Institutional Oversight of Occupational Health and Safety for Research Programs Involving Biohazards, pp. 192-202

Domain 5: Regulatory Responsibilities

 

SUMMARY: Research with infectious agents is important to scientific and medical progress, but it is not without associated risks.  Institutions who work with these agents and/or animals infected with these agents, must develop occupational health and safety programs to protect the individuals who work with these agents as well as the environment.  Key resources that are available for reference when preparing an occupational health and safety program for hazardous agents include: Biosafety in Microbiologic and Biomedical Laboratories, Guidelines for Research Involving Recombinant and Synthetic Nucleic Acid Molecules, and the Laboratory Biosafety Manual.  Five general functional areas that should be a part of an occupational health and safety program include: the animal care and use program, the research program, environmental health and safety, occupational health, and administration and management.  Occupational health and safety programs are not “one size fits all” and must be tailored to each institution based on individual risk assessments that fit the unique needs of a particular institution.  Routine reassessments, retraining, and program reviews allow confirmation that these agents are being handled safely and provides the opportunity for improvements and changes as indicated. Occupational health and safety programs for biohazardous research are complex and require support from key personnel involved in the oversight in order to be effective.

 
QUESTIONS
1. Research in which an organism acquires a new or enhanced biologic function is an example of which of the following?

a. Gain-of-function research

b. Loss-of-function research

c. Select agent research

d. None of the above

2. The Institutional Biosafety Committee (IBC) is mandated by the ___________ to review, approve, and oversee projects involving recombinant or synthetic nucleic acid molecules conducted at or sponsored by the institution.

a. Biosafety in Microbiological and Biomedical Laboratories
b. Guidelines for Research Involving Recombinant and Synthetic Nucleic Acid Molecules
c. Laboratory Biosafety Manual
d. Guide for the Care and Use of Laboratory Animals 

3. _____________ is described as “the protection of biohazardous or microbial agents used in research from loss, theft, diversion, or intentional misuse.”

a. Biocontainment

b. Biosafety

c. Biosecurity

d. Biohazard 

4. Which of the following has oversight of and standards for the shipping of hazardous substances, and institutions are required to follow these standards when importing or exporting materials?

a. Centers for Disease Control and Prevention

b. International Air Transport Association

c. Department of Transportation

d. All of the above

ANSWERS
1. a

2. b

3. c

4. d

 

Villano et al. Personal Protective Equipment in Animal Research, pp. 203-214

SUMMARY: Personnel in animal research are exposed to various hazards such as animal allergens, chemicals used for sanitation or disinfection, radioactive substances, biohazardous agents, and high noise levels.  The Guide for the Care and Use of Animals describes a 3-fold management approach to mitigate risk exposure: engineering controls, administrative controls, and personal protective equipment (PPE). 

 

Regulatory Framework
The Occupational Safety and Health Act of 1970 (29 CFR 15) has various subparts requiring selective items for specific risks/hazards in the workplace:

· PPE Standard (Subpart I 29 CFR 1910) – puts primary responsibility on the employer to select appropriate PPE, train staff for correct usage, and replace/dispose as needed

· Bloodborne Pathogen Standard (29 CFR 1910.1030) – human blood or other potentially infectious materials, including employer responsibility for cleaning, laundering, and disposing of PPE (as “home laundering is unacceptable”)

· Respiratory Protection Standard (29 CFR 1910.134) – airborne contaminants

· Occupational Noise Exposure Standard (29 CFR 1910.95) – high-intensity occupational noise

The Biosafety in Microbiologic and Biomedical Laboratories, 5th ed (BMBL) published by the CDC and NIH is considered the minimum standard of practice for all United States laboratories handling infectious microorganisms and hazardous biologic materials.  Table 3 of Section V (Vertebrate Animal Biosafety Level Criteria for Vivarium Research Facilities) summarizes recommended practices, PPE, and primary and secondary barrier characteristics.  The NIH Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid Molecules (2016) describes recommended practices for constructing and handling recombinant and synthetic nucleic acid molecules. 

 

Risk Assessment
Generally, risk assessment entails reviewing workplaces to identify hazards, evaluating the associated risks, and determining appropriate measures to eliminate or control the hazard.  Personnel should be evaluated, including special medical conditions. The animal species with which personnel interact should be considered, as well as the nature of activities.  A form with relevant information can be used to carefully evaluate the facility, its equipment, and any gaps between engineering and administrative controls.  PPE should be used as a supplement to, NOT as a replacement for, engineering standards and adequate administrative processes.  A standard process for assessing and mitigating risks generally covers most situations: identify hazards, systematically assess the hazards to identify probability and severity of occurrence, identify and apply controls to mitigate risks, and evaluate the success of controls.  A strong hazard-analysis program also communicates and trains personnel with documentation of training and continuous evaluation of the effectiveness of controls in eliminating hazards. 

 

PPE Components
OSHA Requirements/Recommendations: Aprons, isolation gowns, coveralls, and sleeve protectors meet or exceed standards developed by American National Standards Institute (ANSI).  ANSI/AAMI PB70:2012 establishes a classification system for protective apparel and drapes on barrier effectiveness based on resistance to liquid and microbial penetration (summarized in Table 1 of article).  Levels 1, 2, and 3 test methods use water as a challenge agent, and may overestimate effectiveness of PPE for bloodborne pathogens.  Level 4 evaluates resistance of material to penetration by synthetic blood and bacteriophage ΦX174 at 27nm diameter.  AAMI TIR11:2005 technical guide was first issued in 1994 addresses selection and use of protective apparel and surgical drapes; Barrier performance depends on material composition and creation methods; Table 2 summarizes material characteristics with suggested uses and product examples.  Requirements for design and construction of protective apparel reflect the anticipated location and degree of liquid contact during expected use.  Critical zones of surgical and isolation gowns are identified as those where direct contact with blood, body fluids, or other potentially infectious materials is most likely to occur (Figure 1).

Glove selection should be based on tasks to be performed and characteristics of glove material, subject to general controls of FDA.  Medical Glove Guidance Manual was issued by the FDA in 2008 to provide recommendations for premarket notification submissions and compliance with quality system regulation; classifies 5 subcategories of patient examination gloves: latex, vinyl, polymer (includes nitrile and polyurethane), finger cot, and specialty.  Allergy to natural rubber latex is one of the most-described occupational health and safety hypersensitivities, causing Type I and Type IV allergic reactions and nonallergic reactions or irritant contact dermatitis.  Preventive measures for latex allergy include: low-protein, low-allergen, powder-free latex gloves (has proven to markedly reduce latex allergies in healthcare workers).  The FDA began a ban on powdered medical gloves in 2017.  There are conflicting reports on puncture resistance of various glove materials.  Double gloving has proven to be more effective in reducing the number of glove perforations and self-contamination compared to single gloving. 

Surgical caps/hoods and shoe covers/boots should be worn in instances when gross contamination is anticipated. Protective footwear is to be used to conduct ABSL 3 procedures as indicated by the BMBL, but may be unnecessary for ABSL1. ASTM F1671 should be used for testing materials of protective footwear

Distinction should be made between respiratory protection and mucous membrane protection.  Masks in combination with eye protection should be worn with activities where splash, spray, spatter, or droplets of infectious material may be generated.  Respiratory protection should be used for ABSL2 levels, and appropriate respiratory protection or positive-pressure suit must be worn for ABSL3 and ABSL4, respectively.  Respirators must be NIOSH-approved in accordance with 42 CFR 84 and meet requirements of ASTM F2100.  FDA regulates surgical masks and surgical N95 respirators.  Surgical masks prevent patient exposure to wearer’s saliva and respiratory secretions and protect wearer against splashes of large droplets of potentially infected fluid; NOT designed or certified to prevent inhalation of small airborne contaminants.  Annex A Explanatory Material (NFPA 1999) provides useful information on use of surgical masks and respirators (Figure 4).  Disposable respirators are rated against protection against oils and filtration of airborne particles (N respirators are not resistant to oil; R devises are somewhat resistant to oil; and P respirators are strongly resistant to oil); and must be fit-tested to be worn.  N95 respirators filter out at least 95% of airborne particles.  Other respirators can filter out at least 99% and 99.7% of airborne particles, respectively receiving ratings of N99 or N100.  Half- and full-facepiece respirators cover at least the nose and mouth and are tight-fitting, air-purifying respirators with replaceable filters for particulates or cartridges/canisters for gases and vapors; must be fit-tested for wear.  PAPRs are a battery-operated facepiece mask, helmet or hood, breathing tube, battery-operated blower, and HEPA filter

Eye and face protection is advised with potential of splash or splatter of infectious biologic materials; must comply with ANSI Z87.  Safety glasses must have side shields and should be chosen to minimize gaps.  Safety goggles should be considered when hazards from splashing that could be injurious to the eye or flying objects/particles

Employee exposure to noise is limited to 90 dBA averaged over an 8hr work shift; noise in excess of 85 dBA requires employees to participate in hearing-conservation programs.  Common types of hearing protection: earplugs and earmuffs

 

QUESTIONS
1.
Which is NOT one of the 3-fold management steps to mitigate hazardous risk to personnel in the laboratory animal working environment?

a. 
Engineering controls

b.
Administrative controls

c. 
Personal protective equipment

d.  
Procedure refinement

2.
Which virus is the smallest known bloodborne viral pathogen and one of the reasons for utilizing bacteriophage ΦX174 (27nm diameter) to assess effectiveness of viral penetration resistance for protective apparel and drapes?

a.  
HIV

b. 
Hepatitis B virus

c. 
Hepatitis C virus

3.
Which type of respirator is more appropriate for personnel with facial hair or abnormal facial features making fit testing difficult when in an environment with aerosolized droplets of potentially infectious materials?

a. 
Surgeon’s mask

b. 
N95 disposable respirator

c. 
Half-facepiece respirator with HEPA filter cartridges

d.  
Full-facepiece respirator with HEPA filter cartridges

e. 
PAPR

4.
True/False. The use of PPE alone cane provides full protection against hazard exposures in the laboratory animal work environment

 

ANSWERS
1.
d. Procedure refinement

2.
c. Hepatitis C virus, at 30nm, is the smallest known bloodborne pathogen

3.
e. PAPRs are a good option for personnel with facial hair or unusual facial features which make respirator fitting difficult or those with medical conditions like asthma, and are considered a higher level of protection than most disposable respirators because they are as efficient as P100 respirators.

4.
False. Engineering controls and administrative controls should be instituted to minimize work related hazards. Practices such as good hygiene and laboratory techniques; use of specialized instruments, supplies, and building infrastructure; and vaccinations can help to mitigate risks.

 

Domain 5: Regulatory Responsibilities

K1. laws, regulations, policies and standards

K5. occupational health and safety (e.g., ergonomics; OSHA; allergens; blood-borne pathogens; radiation and chemical hazards; MSDS)

 

SUMMARY: The occupational health and safety program is an integral component of a comprehensive animal care and use program. It is important to mitigate the risk of exposures of animal care and research personnel to allergens and physical, chemical, radiologic, and biologic hazards during the conduct of various tasks. This need is especially true in infectious disease and biocontainment research. One aspect of the program is the provision of personal protective equipment (PPE). Commercially available PPE should be carefully evaluated based on their material composition and performance according to manufacturer data. To help institutions and end users by providing them guidance on choosing appropriate PPE, we here discuss the regulatory framework, device standards, and materials engineering for various PPE, including gloves, shoe covers, head caps, gowns, aprons, masks, hearing and eye protection devices, and respirators. Ultimately, the choice of appropriate PPE is based on the risk assessment, which should include consideration for personnel comfort, correct device fitting, and the containment level for the hazard used.

 

Regulatory Framework

The Occupational Safety and Health Act of 1970 (29 CFR 15) was promulgated to protect employees from hazards in the workplace. The Personal Protective Equipment standard (Subpart I 29 CFR 1910) requires PPE to be selected based on the hazards present and that employers provide workers with appropriate PPE, such as those for the eyes, face, head, feet, and hands, which must be worn to reduce the potential for harm and injury.

As a rule, PPE must be provided, used, and maintained in reliable conditions whenever hazards in the workplace can cause injury or impairment from physical contact. The Occupational Health and Safety Administration (OSHA) requires that many categories of PPE meet or be equivalent to standards developed by the American National Standards Institute (ANSI). The National Institute of Occupational Safety and Health (NIOSH) is the responsible organization for testing and certification for respirators.

 

OSHA’s Bloodborne Pathogen Standard (29 CFR 1910.1030) requires employers to provide and ensure that employees use appropriate PPE such as, but not limited to, gloves, gowns, laboratory coats, face shields or masks, and eye protection when handling human blood or other potentially infectious materials.

 

Other pertinent OSHA standards include 29 CFR 1910.134 (Respiratory Protection Standard)11 and 29 CFR 1910.95 (Occupational Noise Exposure Standard). The former was established to prevent potential occupational illnesses caused by exposure to airborne contaminants, including potentially infectious aerosols, whereas the latter was enacted to protect employees against the effects of high-intensity occupational noise. Specific to animal research, an occupational health and safety program should be established based on the guidelines described in the Guide, which outlines that the program be consistent with federal, state, and local regulations. The Guide also encourages each institution to tailor needs, such as PPE, to its specific program.

One of the foremost resources is Biosafety in Microbiologic and Biomedical Laboratories (5th edition) by the Centers for Disease.

 

Control and Prevention and NIH: This reference is the minimum standard of practice for all United States laboratories that handle infectious microorganisms and hazardous biologic materials. It provides information on good work practices, appropriate PPE, safety equipment, and laboratory facility design for each biosafety level.

 

Conclusions: There are many considerations in implementing institutional PPE requirements. With the aim of meeting compliance with regulatory agencies and adhering to best practice, PPE should primarily be selected based on risk assessment, level of containment involved, and its material composition, which dictates the level of barrier performance it provides.

 

QUESTIONS
1.
The Occupational Safety and Health Act of 1970 (29 CFR 15) was promulgated to protect employees from hazards in the workplace is under the following CFR.

a. 
29 CFR 19

b.  
29 CFR 15

c.  
29 CFR 18

d. 
29 CFR 20

2.
OSHA’s Bloodborne Pathogen Standard requires employers to provide and ensure that employees use appropriate PPE is under the following CFR.

a.  
29 CFR 1910.1030

b. 
29 CFR 1910.1101

c.  
29 CFR 1910.8225

d. 
29 CFR 1910

 

ANSWERS
1.
b
2.
a
Collins et al. Viral Vector Biosafety in Laboratory Animal Research, pp. 215-221

Domain 5

SUMMARY:  There is a growing number of human and animal gene therapy trails that are going on now.  The vast majority of them use transduction (introduction of the foreign DNA using viruses) as part of the therapy. It is important to consider the risks associated with each viral vector, the animal model, the gene construct, and the individuals doing the research.  It is the job of the institution to research and mitigate the risks associated with the use of viral vectors in animal research. 

Most viral vectors are classified by the NIH as belonging to either Risk Group (RG) 1 (not associated with disease in healthy human adults) or RG2 (associated with human disease which is rarely serious and for which preventive or therapeutic interventions are often available). 

· Adenoviral Vectors – Usually RG2.  Nonenveloped ds DNA.  Usually only provides transient expression as it does not typically integrate into genome.  Although natural disease is generally mild, adenoviruses are notoriously immunogenic.  Spread via direct contact, ingestion, aerosol and percutaneous exposure.  Most are replication incompetent.

· Adeno-Associated Viral Vectors – Usually RG1.  It is a Parvovirus, nonenveloped ss DNA.  Can infect dividing and non-dividing cells, but do not readily integrate into the host genome.  Considered one of the safer viral vectors with most of the risk associated with the use being theoretical.  Stable in the environment.

· Herpesviral Vectors – RG2. Ds DNA virus. Very rarely used due to large size. Because “herpes is forever” there is sustained transgene expression.  A helper virus is often needed for Amplicon HSV.  Using HSV as a vector for transgenes is not without risk as HSVs are immunomodulatory. 

· Lentiviral Vectors – retrovirus (ss RNA).  Can infect nondividing cells.  Most are variants of HIV.  Regular HIV is RG3, but modified lentiviral vectors are RG2.  Second generation lentiviral vectors use 3 plasmids, third-generation vectors use 4 plasmids, and fourth-generation vectors use 5 plasmids.  As a rule, lentiviruses are not stable in the environment and are susceptible to most disinfectants, making decontamination straightforward.  

 
QUESTIONS
1.  Which of the following commonly used viral vectors is in the family Parvoviridae?

a. Adenovirus

b. Adeno-Associated Virus

c. Herpesvirus

d. HIV 1 

2. According to the NIH Guidelines on Recombinant DNA an agent that is associated with human disease which is rarely serious and for which preventive or therapeutic interventions are often available would be classified as which Risk Group?

a. RG1

b. RG2

c. RG3

d. RG4 

3. Most lentiviral vector systems are based on altered ___________.

a. Human Immunodeficiency Virus

b. Equine Infectious Anemia Virus

c. Feline Immunodeficiency Virus

d. Caprine Arthritis Encephalitis Virus

ANSWERS
1. b

2. b

3. a 

Colby et al. Considerations for Infectious Disease Research Studies Using Animals, pp. 222-231

SUMMARY: It is important to reserve in vivo studies for research that cannot be advanced using in vitro or ex vivo alternate modeling systems. The selection and development of animal models depend on multiple factors such as scientific considerations, that include precisely defined research objectives, the response to infection of the proposed animal model and various intrinsic animal characteristics, such as the species and the anatomic limitations of the animal model. The researchers also have the difficult task of optimizing the animal welfare while doing so and must remain compliant with applicable regulations. Furthermore, personnel must be protected from occupational hazards associated with infectious organisms and the animal model. Based on all these elements, in summary, infectious disease is best done as a collaborative effort between research staff, bacteriologists and virologists, husbandry staff and biosafety officers utilizing all their varied expertise.

QUESTIONS
1. 
True or False. The National Center for the Replacement, Refinement, and Reduction of Animals in Research published the ARRIVE (Animal Research: Reporting In vivo Experiments) guidelines to help improve the reporting of biomedical research using animals. 2. Which of the following are examples of alternatives to using mammals?

a. 
Caenorhabditis elegans to screen bacterial mutants of Pseudomonas aeruginosa for changes in pathogenesis

b. 
Drosophila melanogaster to study innate immune system after infection with Candida albicans

c. 
Wax moth, Galleria mellonella used to study pathogenic temperature sensitive virulence

d. 
All of the above

 

3. 
True or False. Guinea pigs have a small and narrow oral cavity, and soft palate covers nearly the entire back of pharynx, leaving only small palatial ostium for access to esophagus, making them technically difficult to gavage. Hence, guinea pigs are not suited for studies of infectious agents causing GI diseases. 
4. 
True or False. Rabbits have a large tongue, multiple skin folds in the diastema, limited range of mandibular opening and prominent incisors that obstruct placement of ET tube. Hence rabbits are not well suited for studies requiring multiple intubations. 
5. 
Which of the following are examples of natural animal models of infectious agents?

a. 
Influenza in ferrets

b. 
M. tuberculosis in macaques

c. 
Rabies in dogs

d. 
Brucella abortus in goats

e. 
All of the above

ANSWERS

1.
True

2.
d

3.
True

4.
True

5.
e

 

Reynolds et al. An Overview of Animal Models for Arthropod-Borne Viruses, pp. 232-241

Domain 3: Research, Tasks 1-3

Knowledge: K1. animal models (spontaneous and induced) including normative biology relevant to the research (e.g., background lesions of common strains)

Primary Species: Mouse (Mus musculus)
 

Abbreviations: CHIKV, Chikungunya virus; DENV, Dengue virus; TBEV, tick-borne encephalitis virus; WNV, West Nile virus; YFV, Yellow fever virus; ZIKV, Zika virus

 

SUMMARY:  Arthropod-borne viruses (arboviruses) cause millions of human infections each year, and associated disease(s) create a significant burden (health and costs), so research that focuses on arbovirus disease control and treatment strategies is important.  In nature, arboviruses are transmitted between vertebrate hosts by hematophagous (blood-feeding) arthropod vectors- mosquitoes and ticks transmit most arboviruses that are pathogenic to humans, but other arthropods - including midges (biting flies) can also be involved in virus transmission.  Before it can be transmitted to a susceptible host, an arbovirus must first replicate to sufficient levels inside the arthropod vector, and maintenance of an arbovirus in nature involves a triad of interactions between the virus, the vertebrate host, and the arthropod vector. To better understand and effectively control these viruses, animal models that demonstrate similar clinical manifestation and disease progression as seen in humans are needed. That's a challenge because many arboviruses do not readily cause lethal infection, nor do they approximate the pattern of human disease in standardly used laboratory animal species. Additionally, because arthropod saliva plays an important role in disease progression, research methods are needed that replicate the natural route of virus transmission in a laboratory setting. Despite those challenges, the number and variety of animal models developed for arbovirus research have increased steadily in recent years.  The authors report on currently available animal models for several viruses transmitted by mosquitoes, ticks, and midges, for which vaccines and therapeutics are not readily available or do not exist. 

 

Mosquito-borne arboviruses include Dengue virus (DENV), Zika virus (ZIKV), Yellow fever virus (YFV), West Nile virus (WNV), Japanese encephalitis virus, Rift Valley fever virus, Chikungunya virus (CHIKV), Venezuelan equine encephalitis, and Eastern equine encephalitis; of these, the authors focused on currently available animal models for DENV, CHIKV, and ZIKV (due to emergence in recent outbreaks on multiple continents).  DENV infections are modeled in immunocompetent A/J mice and NHPs, immunocompromised mice (multiple strains), and humanized or zooized mice (SCID engrafted with human cells). ZIKV infections are modeled in rhesus and cynomolgus macaques, and immunocompromised mice (multiple strains). CHIKV infections are modeled in infant mice, hamsters, rhesus and cynomolgus macaques, and immunocompromised mice (multiple strains). 

 

Tick-borne arboviruses - unlike many mosquito-borne diseases- tend to have low species specificity, and most lend themselves well to study in laboratory animals.  The best-known tick-borne viruses come from 3 main viral families: Flaviviridae, Bunyaviridae, and Thogotoviridae. Tick-borne group B flaviviruses include Tick-borne encephalitis virus TBEV, Powassan virus, Alkhumra hemorrhagic virus, Kyasanur Forest virus, and Louping ill virus (an agriculturally important flavivirus of sheep); most of these can be studied in immunocompetent mice (BALB/c or C57BL/6), while TBEV can be modeled with Langat virus (a close relative of TBEV unknown to produce human disease naturally) in immunocompromised mice, and Louping ill virus can also be modeled in lambs.  Tick-borne bunyaviruses include Crimean-Congo hemorrhagic fever viruses, Heartland virus, and Severe fever with thrombocytopenia syndrome virus; Crimean-Congo hemorrhagic fever viruses are studied in guinea pigs and immunocompromised mice, Heartland virus is studied in rabbits (seroconversion only) and immunocompromised mice, and Severe fever with thrombocytopenia syndrome virus is studied in both immunocompetent and immunocompromised mice.  Tick-borne thogotoviruses include Thogotovirus (studied in infant mice, hamsters and sheep), Dhori virus (studied in immunocompetent ICR mice), and Bourbon virus (no established animal model).  African swine fever virus, an asfivirus (family asfarviridae), is also discussed briefly because it is agriculturally important and can be studied in 'zooized' mice (mice implanted with cells or tissues from another species to provide an alternate option to study species-specific pathogens).

 

Midges are biting, hematophagous flies prevalent in North America, and many of the viruses that they transmit are of agricultural significance but do not cause illness in humans.  Midge-borne arboviruses come from 2 main viral families: Bunyaviridae and Reoviridae.  The only midge-borne bunyavirus of interest is Akabane virus, which is studied in infant mice (immunocompetent strains) and cattle.  Midge-borne reoviruses include African horse sickness virus (studied in ponies and immunocompromised mice) and Bluetongue virus (studied in sheep and immunocompromised mice). 

  

QUESTIONS
1. 
Most arboviruses that are pathogenic to humans are transmitted by which two types/groups of arthropods?

2. 
Which arbovirus is modeled in humanized or zooized mice (SCID mice engrafted with human cells)?

a. 
CHIKV (Chikungunya virus)

b. 
DENV (Dengue virus)

c. 
TBEV (tick-borne encephalitis virus)

d. 
WNV (West Nile virus)

3. 
Which family of tick-borne arboviruses does NOT contain human pathogens?
a. 
Asfarviridae
b. 
Buynaviridae
c. 
Flaviviridae

d. 
Thogotoviridae

4.  
T/F: Unlike many mosquito-borne diseases, tick-borne viruses tend to have low species specificity?

5.  
What is the term for mice implanted with cells or tissues from another species to provide an alternate option to study species-specific pathogens like African swine fever? 
 

ANSWERS

1.  
Mosquitoes and ticks

2.  
b. DENV (Dengue virus)

3.  
a. Asfarviridae

4.  
True

5.  
Zooized

 

Bradley and Nagamine. Animal Models of Zika Virus, pp. 242-253

Domain 3: Research, Animal Models
Primary Species - Mouse (Mus musculus) and Macaques (Macaca spp.)
SUMMARY: Zika virus was first discovered in 1947 in Uganda, but has recently come to the forefront due to public health issues related to its spread in Central and South America. Zika is transmitted by Aedes 
mosquitos and may also be vertically transmitted from mother to fetus. While most cases are asymptomatic, fetal exposure to Zika can lead to microcephaly and severe clinical cases have been shown to cause Guillain-Barré syndrome in adults. This review highlights recent 
rodent and large animal models of the disease, including those focused on pathogenesis as well as vaccine development. While several rodent models are mentioned, AG129 mice (Ifnar1 Ifnar2 double knockout) seem to be frequently used. Macaque species, both rhesus and cynomolgus, have been used to model Zika pathogenesis and test DNA vaccine efficacy. Thus far, DNA vaccines and anti-sera have been effective in protecting macaques from infection with multiple Zika strains.
QUESTIONS
1.
What are the genes knocked out in the AG129 mouse, which is also a model for Dengue fever?
a.
Ifnar1
b.
Ifnar2
c.
Irf3
d.
Irf5
e.
Irf7
2.
What is the natural vector for Zika?
a.
Anopheles mosquito
b.
Aedes mosquito
c.
Tse-tse fly
d.
Ixodes tick
3.
What type of vaccine has been explored for Zika?
a.
DNA
b.
RNA
c.
Protein
ANSWERS

1.
a and b 

2.
b 

3.
a
St. Claire et al. Animal Models of Ebolavirus Infection, pp. 253-262
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

 

SUMMARY: Ebola virus, a non-segmented negative-sense RNA virus in the family Filoviridae, is classified as a Category A Bioterrorism Agent by the CDC, Tier 1 Select Agent by the US Department of Health and Human Services, and a priority pathogen needing urgent research by the World Health Organization.  All work with filoviruses is performed under BSL4 conditions.  Fruit bats are believed to be a main reservoir species in transmission of the virus to humans.  Vaccines against EBOV are typically screened initially in guinea pigs, mice, and hamsters, but must ultimately be tested in NHP.

Mice are the preferred small animal models for filovirus research, but immunocompetent mice are resistant to WT EBOV.  Mouse models demonstrate rapid onset of viremia and high viral burden in the spleen, liver, and multiple organ tissues.  Commonly used mouse models (BALB/c and C57BL/6) show little to no coagulopathy, hemorrhagic manifestations, or the characteristic maculopapular to petechial rash as seen in human patients.  Collaborative cross (CC) mice derived from an eight-way cross using a set of founder strains that include three wild-derived strains have expanded the number of EBOV-related disease manifestations observed.  A humanized mouse model used for the study of WT EBOV infections in mice suggested that interactions between the virus and the model’s immune system is similar to that observed in humans.

Syrian hamsters have disease manifestations similar to those of humans and NHP, including the severity of coagulopathy, but only MA-EBOV administered intraperitoneally mimics human disease.  WT EBOV does not cause clinical signs in hamsters.

Outbred Duncan-Hartley and inbred strain 13 guinea pigs have been used as models of EVD for the evaluation of pathogenesis, vaccines, and therapeutic agents.  Like NHP, guinea pigs can be infected by peripheral routes in addition to intraperitoneal inoculation.  Guinea pigs exhibit histopathologic lesions and serum chemistry changes during filovirus infection similar to those of mice, NHP, and humans.  Strain 13 guinea pigs demonstrate altered immune responsiveness.

NHP are the preferred animal model because they can be fatally infected by various routes with human virulent, nonadapted strains of EBOV.  They mimic human disease in terms of clinical symptoms, clinical chemistry profile, and pathologic changes.  Currently, only macaques exhibit disease progression similar to humans, including coagulopathy, multiorgan failure, and proinflammatory cytokine profiles.  Monocytes, macrophages, and dendritic cells are primary sites of filovirus replication in macaques.  Macaques are the preferred model because they can be infected with WT BOV.  Cynomolgus macaques are most often used for vaccine studies, and rhesus macaques are used more frequently for evaluating therapeutics.  The disease course is slightly shorter in cynomolgus macaques as compared with that observed in rhesus macaques.  The most commonly used route of EBOV infection in macaques is intramuscular injection.  Several vaccine candidates show promise, including viral vector vaccines, subunit vaccines, and DNA vaccines. 

African Green monkeys have similar disease progression to rhesus macaques but do not develop a maculopapular rash or behavioral changes like anorexia or depression.  They also have a higher survival rate.

Marmosets are susceptible to WT-EBOV but do not develop a petechial rash and succumb much earlier than humans and macaques.  Their small size also limits blood collection.

Baboons are more resistant to infection from all ebolavirus species compared with macaques, and may even be a natural reservoir.  They have been used for EBOV vaccine research and for the evaluation of therapeutic interventions.

QUESTIONS
1. 
What family is ebolavirus classified in?

a. 
Filoviridae

b. 
Arenaviridae

c. 
Flaviviridae
d. 
Paramyxoviridae

2. 
Which FDA regulation permits efficacy studies in animal models in place of human clinical data when such studies are not feasible or ethical?

a. 
Animal Testing

b. 
Animal Guidance Document

c. 
Animal Rule

d. 
Code of Federal Regulations

3. 
What is the preferred model for EBOV?

a. 
Mice

b. 
Macaques

c. 
Baboons

d. 
African green monkeys

4. 
What is the most commonly used route of EBOV infection in macaques?

a. 
Intraperitoneal

b. 
Intravenous

c. 
Intramuscular

d. 
Oral

5. 
Only ______________ injection of adapted filoviruses produces uniform disease and lethality in immunocompetent mice.

a.
Intramuscular

b. 
Subcutaneous

c. 
Intravascular

d. 
Intraperitoneal

6. 
Which recombinant inbred mouse was developed through a systematic cross of 8 founder mouse strains, including 5 classic laboratory strains and 3 wild-derived strains?

a. 
NSG

b. 
CC

c. 
CXB

d. 
SNP

7. 
According to the Animal Welfare Act, how many square feet would a 12-kg baboon on a filovirus vaccine study require for housing?

a. 
3

b. 
4.3

c. 
6

d. 
8

ANSWERS
1. 
a

2. 
c

3. 
b

4. 
c

5. 
d

6. 
b

7. 
c

Fish Model

Grzelak et al. Stress leukogram Induced by Acute and Chronic Stress in Zebrafish (Danio rerio), pp. 263-269
Domain 2: Management of Pain and Distress

Secondary species: Zebrafish (Danio rerio) 

 


SUMMARY: As in other species, zebrafish respond to stressful stimuli with a rise in cortisol. This stress-induced glucocorticoid secretion is regulated by the hypothalamic-pituitary-internal axis which is analogous to the mammalian HPA axis. In mammals, rises in cortisol levels due to acute and/or chronic stress are characterized by specific changes in peripheral WBC (that is stress leukogram - neutrophilia, lymphopenia, eosinopenia, and potentially monocytosis). In this study, zebrafish exposed to acute and chronic stressors (see abstract and publication Figs 1 and 2 and Table 2, for more details) displayed changes in the WBC peripheral counts consistent with the stress leukogram described in mammals. Moreover, a human salivary ELISA test also confirmed that these changes in the WBC counts in stressed animals were unequivocally associated with increased plasma levels of cortisol. 

QUESTIONS

1.
In a recent publication, rises in cortisol levels in Danio rerio exposed to different stimuli were related to what changes in the CBC analysis?

a.
Anemia

b.
Neutrophilia, lymphopenia, eosinopenia, and monocytosis
c.
Left shift leukogram
d.
Thrombocytopenia
2.
In stressed zebrafish, cortisol levels were recently associated with a stress leukogram using what type of analytical test?

a.
Cortisol-specific enzyme immunoassay 

b.
Human salivary radioimmunoassay

c.
Cortisol-specific enzyme-linked immunosorbent assay

d.
Human salivary enzyme-linked immunosorbent assay
e.
Human salivary enzyme immunoassay
 

ANSWERS

1.
b

2.
d

 

Nonhuman Primate Models

Sidener et al. Effect of Antibiotic Administration during Infancy on Growth Curves through Young Adulthood in Rhesus Macaques (Macaca mulatta), pp. 270-276
Domain 1: Management of Spontaneously and Experimentally Induced Diseases and Conditions; K6: Pharmacology

Primary Species: Macaques (Macaca spp.)
 

SUMMARY: Research has shown that administration of antibiotics or substances with antibiotic properties within the first few months of life can affect the growth pattern in pigs, chickens, and cattle. In addition, it has been shown in mice that early-life antibiotic exposure can significantly influence body composition and growth rate. Clinical research in humans has shown that exposure to broad-spectrum or macrolide antibiotics in humans younger than 1 year (12 m) of age increases the likelihood of obesity, especially with repeat exposures. However, some unexpected positive effects from antibiotic use have emerged, such as prevention of the onset of diabetes in NOD mice given vancomycin, and the use of antibiotics to treat certain noninfectious diseases such as hepatic encephalopathy and irritable bowel syndrome (IBS).

 

With the recent shift in research focus to the microbiome, more work has been performed linking changes in gut flora to early antibiotic use in human infants. Studies have also shown a significant difference in microbiome content between obese and lean humans, as well as obese and lean mice. The composition of the intestinal flora directly affects energy balance in mice, and alterations of this population can result in downstream metabolic effects such as obesity, insulin resistance, and diabetes.


As macaques are potential models for the effects of antibiotics on growth, this study was undertaken to clarify any potential research implications of standard antibiotic use in NHP infants, particularly in rhesus macaques. In this retrospective study, the three most commonly used antibiotics at this center were enrofloxacin, azithromycin, and penicillin G. Unlike previous studies, no statistically significant differences between treated and untreated groups were found with regards to growth rate or weight averages. The authors hypothesized several reasons as to why this was, including the relatively controlled environment and diets of NHPs compared with humans; the types and choices of antibiotics in the human clinical world versus in laboratory animal medicine; relative maturity of NHPs and humans compared with human infants; and the types of conditions treated in NHPs (enteric disease and trauma) vs. those in infant humans (otitis or upper respiratory infections).

 

QUESTIONS
1. 
How are macrolide antibiotics metabolized?

2.  
How are cephalosporin antibiotics metabolized?

3.  
How are fluoroquinolone antibiotics metabolized?

4. 
Name two fluoroquinolone antibiotics.

 

ANSWERS
1.
Enterohepatic cycle

2. 
Renal cycle

3.  
Dual metabolism by both the liver and kidneys

4. 
Enrofloxacin and ciprofloxacin

 

Atkins et al. Abdominal Wall Endometriosis in a Rhesus Macaques (Macaca mulatta), pp. 277-280


Primary Species: Macaques (Macaca spp.)
Domains 1 and 3


SUMMARY: Endometriosis is a chronic condition characterized by the growth of endometrium outside of the uterine cavity. Most commonly endometriosis occurs within the pelvic cavity, although extrapelvic locations in the abdomen and thorax can be involved. Incisional endometriosis is the development of endometriosis tissue within the subcutaneous adipose tissue or muscle, and is often associated with gynecologic surgery. Old world NHP, including rhesus macaques, develop endometriosis in a manner similar to that seen in women, and the rate of endometriosis in captive NHP populations is roughly 31%. 
In this case, a 12.6-year-old intact female rhesus macaque was diagnosed with endometriosis, first noticed when an abdominal scar began to dehisce. She underwent exploratory laparotomy, and, due to the severity of disease, was euthanized. She had a history of cesarean section 6 years prior, and 3 years after that was diagnosed with endometriosis. She was started on depot medroxyprogesterone
acetate at that time, which was administered every 60 to 90 days until time of death. Necropsy revealed dark-brown, fluid-filled cysts within the incision site, extending form the muscular wall into the subcutaneous adipose tissue. Similar cysts were present in the abdominal cavity on the uterine surface and surrounding both ovaries. Microscopic evaluation of the lesions revealed endometrial glands lined by pseudocolumnar epithelium within a decidualized stroma within the abdominal incision, as well as on the surface of the uterus, small intestine, ovary, and urinary bladder. Tissue from the abdominal incision was stained for vimentin, CD10, cytokeratin, estrogen receptor and progesterone receptor. Cytoplasm of decidualized stroma stained moderately to strongly positive for CD10, and strongly positive for vimentin. The stromal tissue was less than 10% weakly positive for estrogen receptor *, negative for progesterone receptor, and negative for cytokeratin. Uterine and ovarian tissue were also stained for progesterone and estrogen receptor, revealing that both tissues were negative for both antigens. Possible explanations for the origins of the aberrant endometrial tissue include the tissue either extending from abdomen into incision, or seeding of the incision with endometrial stem cells during the time of surgery. Treatment with depot medroxyprogesterone acetate may not have resulted in tissue acyclicity if the tissue was initially progesterone resistant, which occurs in as many as 50% of women with endometriosis. Conversely, prolonged treatment (longer than 6 months) with progestins can lead to progesterone resistance in women. The incisional endometriosis tissue in this animal had typical characteristics of pelvic and abdominal endometriosis, containing both glands and stroma. The decidualized stroma was CD10- and vimentin positive. The lack of estrogen alpha and progesterone receptor expression is most likely related to prolonged duration of treatment with depot medroxyprogesterone acetate.

QUESTIONS
1.
Why do old world non-human primates make good endometriosis models?
a. 
Endometriosis occurs at a rate of greater than 25% in them
b. 
They develop it in a manner similar to that seen in women
c. 
Endometrial growth occurs in extrapelvic and intrapelvic locations
d. 
All of the above
2.
Which hormones are affected by the use of depot medroxyprogesterone acetate, and are responsible for its therapeutic utility in cases of endometriosis?
a. 
GnRH, FSH, LH, estradiol only
b. 
GnRH, FSH, LH only
c. 
FSH, LH only
d. 
Estradiol only
e. 
None of the above hormones are affected

ANSWERS

1.
d

2.
a

