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Kent and Varga. Introduction: Use of Zebrafish in Research and Importance of Health and Husbandry, pp. 89-94

SUMMARY: Zebrafish were first used in large numbers in studies of developmental genetics, especially as embryos or larval stages. Nowadays, however, they are increasingly being used as adults in many different fields (toxicology, ageing, oncology, behaviour). Given their growing use and importance in biomedical research, it is imperative to review the current state of knowledge about their husbandry and diseases in the research setting, which is what this issue of ILAR attempts to do. This introduction explains the various sections that make up the review:

Health:  Five papers comprise this section. The first two review the two most common diseases observed in zebrafish facilities: Microsporidiosis and Mycobacteriosis. One paper reviews the status of virus and viral diseases in zebrafish (to date, no spontaneous viral infections have been described in zebrafish labs but the species is certainly susceptible to many fish viruses) and one reviews neoplasia in the species (spontaneous and carcinogen-induced). The last paper in the section reviews the potential and documented impact of subclinical diseases in zebrafish.

Husbandry: There are six papers in this section. The first four deal with the "classical" husbandry areas of nutrition, breeding, larval rearing and housing systems whereas the last two deal with anaesthesia/euthanasia guidelines/methods and the impact of the new Guide on zebrafinch maintenance. In terms of nutrition, the emphasis is on the need for more research into the specific nutritional requirements of zebrafish so that greater standardization can be achieved. With regards breeding strategies, the reviewers provide a wealth of information on sex characteristics, courtship, breeding behaviour, how to optimize breeding performance in the laboratory, maintenance of different genetic lines and wild-type stocks, etc. Successful larval rearing is given a paper of its own, reviewing the current state of knowledge in this area, particularly to requirements such as temperature, water quality, food type and food size. In terms of housing systems, a comprehensive overview of key design features and operating principles is offered in order for readers to establish a state-of-the-art aquaculture system. The review on anaesthesia and euthanasia compares several methods but focuses on the use of MS-222 and the recently developed hypothermal shock. Both methods are considered effective and acceptable when properly applied, with especial caution in embryos and larvae. Finally, the last paper in this section gives an overview of the different issues that IACUC members should consider with regards the appropriate and necessary care of zebrafish used in the laboratory.

Zebrafish Resources On The Internet: this section provides an overview of internet resources providing both basic and specialized information about zebrafish.

The Introduction finishes with some thoughts from the authors as to what may be the most important issues in health and maintenance of laboratory zebrafish in the near future, things like: new emergent diseases, need for specific pathogen-free colonies, greater knowledge of and improvements in maintenance conditions leading to greater standardization.     

QUESTIONS
1. 
Which of the following fields of research was the first one to expand when using zebrafish models as part of an integrative approach to improve human health?
a. 
Toxicology

b. 
Aging

c. 
Oncology

d. 
Developmental genetics

2. 
Which of the following agents is the most common cause of Microsporidiosis in laboratory zebrafish?
a. 
Pseudoloma neurophilia

b. 
Pseudocapillaria tomentosa

c. 
Schistocephalus solidus

d. 
Pleistophora hyphessobryconis

3. 
Which of the following Mycobacteria has been found to cause severe outbreaks of Mycobacteriosis in laboratory zebrafish?
a. 
M. fortuitum

b. 
M. chelonae

c. 
M. haemophilium

d. 
M. ulcerans

4. Which of the following wild-type strains was the one used for the sequencing and mapping of the zebrafish genome:

a. 
AB

b. 
SAT

c. 
TL

d. 
SJA 

ANSWERS
1. 
d. Developmental genetics

2. 
a. Pseudoloma neurophilia

3. 
c. M. haemophilium

4. 
b. SAT

Whipps et al. Mycobacteriosis in Zebrafish Colonies, pp. 95-105

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

Secondary Species: Zebrafish (Danio rario)

SUMMARY: The most commonly encountered infectious diseases in laboratory zebrafish are microsporidiosis, caused by Pseudoloma neurophilia, and mycobacteriosis, caused by several species of the genus Mycobacterium.  Mycobacteria are facultative pathogens that can survive outside the host in surface biofilms.  Thus, screening of animals and eggs alone may be ineffective for eliminating mycobacteria that may colonize a facility by water, food, or personnel (clothing, hands, equipment), and may grow and spread in the absence of a host animal.  The ability for at least some, if not all, piscine mycobacteria species to persist in surface biofilms in aquatic systems presents additional challenges for interrupting the cycle of infection once it is established.  While depopulation is often recommended, this may not be feasible in all cases.  Thus, management of the endemic disease is often the appropriate choice. 

Externally, fish may present with nonspecific dermal lesions, have raised scales, or have swollen abdomens.  Emaciation may occur. Behaviorally, fish may swim erratically or be lethargic.  Often animals will show no signs of disease.  Internally, granulomas may be visible throughout all tissues but primarily in the spleen, kidney, and liver.  Bacteria have been observed in the ovaries, suggesting the potential for contamination of offspring, if not vertical transmission.  Involvement of the swim bladder (aerocystitis) is not uncommon.

Traditionally, diagnosis has relied on histological examination of zebrafish sections stained with Ziehl-Neelsen or Fite’s acid fast stain and this is the primary technique recommended by the Zebrafish International Resource Center (ZIRC) for routine surveillance.  Touch imprints of the spleen, kidney,  or liver stained with Kinyoun’s acid fast stain can be carried out quickly.  Culture of mycobacteria from zebrafish is typically accomplished on Middlebrook 7H10 agar or Lowenstein-Jensen slants.  Lengthy incubation time and specialized medium may contribute to underdiagnosis.  PCR is also available.

The manifestation of disease varies with species, and each can be broadly categorized as either pathogen or opportunist.  The reality, however, is a continuum between these extremes, with M. chelonae, M. abscessus, M. fortuitum, and M. peregrinum tending to be associated with low-level, chronic disease, whereas M. marinum and M. haemophilum are much more virulent, causing disseminated infections and higher levels of mortality.
QUESTIONS
1. Which species of mycobacteria is of particular concern because it infects humans?

a. M. fortuitum
b. M. haemophilum
c. M. chelonae
d. M. marinum
2. True or False:  Acid fast staining is the primary technique recommended by the Zebrafish International Resource Center for routine surveillance.

3. True or False:  The ability of piscine mycobacteria to persist in surface biofilms is not one of the challenges in eliminating infection.

4. Which of the following is the currently recommended treatment for elimination of mycobacteria from a facility once it has been established?

a. Vaccination with extracellular mycobacterial products

b. Depopulation

c. Vaccination with attenuated mycobacteria

d. Rifampicin

ANSWERS
1. d.  M. marinum
2. True

3. False

4. b.  Depopulation

Sanders et al. Microsporidiosis in Zebrafish Research Facilities, pp. 106-113

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

Secondary Species: Zebrafish (Danio rario)

 
SUMMARY: The present review focuses specifically on the transmission and control of Pseudoloma neurophilia in zebrafish facilities and a discussion on Pleistophora hyphessobryconis, which was recently detected in a few facilities as well.
Microsporidia are obligate intracellular eukaryotic parasites with a simple life cycle, in which the infectious spore stage has a thick, chitinous endospore, allowing the organism to maintain viability for extended periods in the aquatic environment.  
External indications of Pseudoloma neurophilia infection in zebrafish include reduced growth, emaciation, spinal deformation (e.g., lordosis, scoliosis), or low-level mortalities with no grossly visible lesions. The skeletal muscle-infecting microsporidium P. Hyphessobryconis induces large, depigmented regions localized around the dorsal fin.
In suspected cases of infection by P. Neurophilia, posterior brain and spinal cord tissue can be examined by wet mount for the presence of spores, which are approximately 3x5 µm in size and pyriform in shape, as are P. Hyphessobryconis spores, 4x6-7 µm in size and with a very prominent posterior vacuole. The spores can also be detected in standard hematoxylin and eosin-stained tissue sections as Gram positive microorganisms and are acid fast in various acid-fast staining methods. Other special stains that increase the visibility of spores by histology are the Luna stain, the periodic acid Schiff or the chitin-specific fluorescent stains such as Fungi-Fluor.
The primary site of infection for P. Neurophilia are the neural tissue of the posterior brain and spinal cord, even though smaller groups or individual spores can also be seen in the kidney, skeletal muscle, gut epithelium, and ovary, playing in fact an important role in the transmission of disease through feces or urine, as well as maternal transmission during spawning. In contrast, the muscle is the primary site of infection for P. Hyphessobryconis. Conventional polymerase chain reaction (PCR) and real-time PCR-based assays are available for testing of zebrafish tissues for P. Neurophilia.
For the monitoring of chronic microsporidian infections it is recommended that sentinel fish be held at least 3 months prior to sampling, exposed not only to the untreated effluent from different tanks but also to the effluent after UV treatment of the water to assess its efficacy.
Egg disinfection cannot be relied upon to eliminate P. Neurophilia from a population nor can disinfection of equipment.
The continued presence of P. Neurophilia infections in laboratory zebrafish colonies highlights the need for increased surveillance, implementation of biosecurity protocols and further research into the transmission and control of these pathogens.
 
QUESTIONS: True or False
1. The life cycle of Microsporidia consists of two general developmental stages: merogony and sporogony
2. Microsporidia are generally sensible to many standard forms of surface decontamination used for fish eggs, such as chlorine and iodophores.
3. Spores of P. Neurophilia released from aggregates in myocytes or peripheral nerves in the somatic muscle typically elicit a severe inflammatory reaction.
4. Spores of P. Hyphessobryconis can also be observed in the kidney, spleen, intestine and ovaries in heavier infections.
5. PCR-based assays currently exist for the specific detection of P. Hyphessobryconis.
6. The cryopreservation of zebrafish sperm prevents the spread of microsporidians.
 
ANSWERS:

1. True

2. False. The infectious spore stage has a thick, chitinous endospore making it extremely resistant to environmental stress and lysis.
3. True
4. True
5. False. No PCR-based assays currently exist for the specific detection of this parasite.
6. False. Microsporidians have the ability to survive during cryopreservation.
Spitsbergen et al. Neoplasia and Neoplasm-Associated Lesions in Laboratory Colonies of Zebrafish Emphasizing Key Influences of Diet and Aquaculture System Design, pp. 114-125

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

Secondary Species: Zebrafish (Danio rario)

 

SUMMARY: Despite the zebrafish emerging as a leading model for mechanistic cancer research, much basic cancer biology information is lacking in this species relative to what is known in other laboratory animal species. Zinc finger nucleases and transcription activator-like effector nuclease allow production of “custom-made” zebrafish models for precise histologic types of cancer affecting specific organs.

 

Spontaneous neoplasms have been identified in untreated control fish submitted from many other facilities to the ZIRC at Oregon State University (OSU), which greatly outnumbers those found at OSU. Prospective studies of neoplasm incidence were conducted in replicate groups of AB WT fish fed with either commercial flake diet or OTD (Oregon Test Diet) and raised in either flow-through or recirculating water system. Retired brood stock was also examined. To minimize confounding effects of variable dietary components, OTD was created, with gelatin and casein serving as the protein sources.  Zebrafish fed commercial diets containing fish meal and reared in certain recirculating water systems showed far higher tumor incidents and a much wider variety of histologic types of neoplasia. 

 

Spontaneous neoplasms etiologies are largely unknown, but there are some infectious agents that have been implicated in some spontaneous neoplasms. Pesuocapillaria tomentosa is a nematode parasite that causes diffuse intestinal hyperplasia and dysplasia, with gut neoplasms occurring in proximity to nematode. Zebrafish exposed to carcinogen DMBA and P. tomentosa. P. tomentosa acts as a tumor promoter in zebrafish exposed to carcinogens relative to uninfected fish. 

 

Piscinoodinium pilulare causes gill hyperplasia, but has not been shown to be a tumor promoter in carcinogen experiments. Mycobacterium chelonae does not appear to increase the incidence of neoplasia in zebrafish with or without carcinogen treatment. M. haemophlium does cause severe diffuse visceral inflammation that does act as a tumor promoter in carcinogen studies. Helicobacter studies in spontaneous intestinal neoplasia have not been conducted in zebrafish. As of June 2012, no pathogenic viruses have been isolated from zebrafish. 

 

Lack of standardized, validated immunohistochemical (IHC) protocols for formalin-fixed paraffin-embedded tissues for comprehensive panel of antibodies to characterize cell and tissue types of fish neoplasms makes characterization of spontaneous neoplasms difficult. IHC using cytokeratin filament expression profiling allows for definitive determination of the neoplastic cell’s epithelial origin. Other mammalian antibodies have been used with variable success to ID/confirm histotype and mitotic activity of certain teleostean fish tumors, such as PNST, intestinal adenocarcinoma, gonadal tumors, etc. 

 

Liver is the most common target organ for nearly all carcinogens studied in all WT and mutant lines of zebrafish, likely because fish liver continues to grow throughout fish’s lifespan. Zebrafish and small aquarium fish (medaka, guppy) show a much wider range of target organs and neoplasm histologic type than other well-studied fish species such as rainbow trout. 

 

Spontaneous neural neoplasms (brain, eye, spinal cord) are relatively common in ZIRC diagnostic cases and retired brood stock from recirculating systems in which fish are fed commercial diets. These tumors are also targeted by several carcinogens (DMBA, MNNG, MAMA). In humans, dogs, and cats, gliomas are most frequent primary brain tumor, contrasting with WT zebrafish, where tumors are poorly differentiated, highly embryonal neuroblastomas or primitive neuroectodermal tumors. Abundant embryonal periventricular cells in the zebrafish brain may predispose them to develop more embryonal neoplasms, resembling those in human pediatric cases. Relative to mammals, zebrafish are unusually predisposed to develop neoplasia of nerve sheath of peripheral and cranial nerves. 

 

Most spontaneous GI neoplasms in zebrafish are strictly epithelial, principally small cell carcinoma or mucosal adenocarcinoma. Renal neoplasms in zebrafish are rarely targeted by carcinogens. Melanomas are difficult to induce with carcinogens but have been induced via genetic protocols. Most carcinogen vascular neoplasms occur in the rete of the choroid gland of the eye or gill. Epithelial skin neoplasia is exceedingly rare spontaneously or following carcinogen treatment. There are no documented liposarcoma or lipoma in zebrafish. 

 

There are two observed spontaneous, no carcinogen-induced, and few genetically influenced ovarian neoplasms in zebrafish. In contrast, seminomas in males are the most common spontaneous and one of the most common carcinogen-induced neoplasms in zebrafish. Except for lymphoma, spontaneous or carcinogen-induced hematopoietic neoplasia is very rare in WT zebrafish.

 

Ultimobranchial neoplasia is among the most common tumor types in ZIRC diagnostic cases, retired brood stock, and carcinogenesis studies, regardless of diet and husbandry factors. One study shows an increased incidence of ultimobranchial neoplasms in carcinogenesis studies with fish fed diets with higher calcium content (Aquatox versus OTD).  

 

TL line of zebrafish show moderate hyperplasia of hepatic bile ducts and about 10% incidence of biliary neoplasia by 1 to 1.5 y of age. 
 

Nitroasamines and nitrosamides are the most plausible natural carcinogens that might form in recirculating systems. 

 

QUESTIONS
1. 
Which TWO of the following have NOT shown tumor promoting activity in fish exposed to carcinogens?
a.  
Mycobacteria haemophilium

b.  
Mycobacteria chelonae

c.
Piscinoodinium pilulare 

d.  
Pseudocapillaria tomentosa

2. 
Which organ is most commonly targeted by carcinogen for neoplasia in zebrafish?
a. 
Liver

b. 
Brain

c.  
Kidney

d.  
Skin

3. 
T/F. The most common germinal cell neoplasia is within reproductive tissues

4. 
Which TWO of the following have been shown to increase incidence of spontaneous neoplasm in AB WT Zebrafish?
a.  
Commercial flake diet

b.  
Flow-through system

c.  
Recirculating system

d. 
Rotifer-only diet

5. 
Zebrafish that are models for melanoma are most commonly produced via

a.  
Carcinogen exposure

b. 
Genetic manipulation

c.  
Naturally-occurring mutation

 

ANSWERS

1. 
a, d

2. 
a

3. 
F – Seminomas one of the most common

4. 
a, c

5. 
b 

Kent et al. Documented and Potential Research Impacts of Subclinical Diseases in Zebrafish, pp. 126-134

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

Secondary Species: Zebrafish (Danio rario)

SUMMARY: Zebrafish are now used extensively as models in biomedical research, including areas such as infectious disease, immune system function, toxicology, aging, oncology, and developmental conditions. This paper summarizes some of the more common infectious agents found in zebrafish, some of which do not always cause overt clinical disease, but may have an impact on research being conducted. (Refer to the full length paper for some really great images!).
1. Pseudoloma neurophilia
a. Most commonly observed infectious agent in zebrafish (diagnosed in zebrafish from >50% of facilities submitting cases to the Zebrafish International Resource Center (ZIRC)).

b. Microsporidian organism that targets the CNS, peripheral nerves, and occasionally other tissues (has been compared to E. cuniculi in rabbits). Primarily targets hindbrain, spinal cord, and nerve root ganglia.

c. Clinical and macroscopic changes: emaciation, skeletal deformities, lethargy.

d. Histologic findings: chronic myositis

e. Documented effects: reduced growth (more pronounced in TL strain than AB strain), negative correlation with fecundity when fish were subjected to stress.

f. Potential effects: space occupying inflammatory lesions may profoundly affect behavior, may compromise developmental neurotoxicity testing and musculoskeletal development studies as larval zebrafish are quite susceptible. 

2. Mycobacterium spp.
a. Second most commonly observed infectious agent.

b. Often not identified at species level, but M. chelonae is most often isolated.

c. Opportunistic Mycobacterium are ubiquitous in zebrafish facilities

d. Clinical and macroscopic findings: chronic inflammatory lesions in kidneys/spleen/ovary/swim bladder, often subclinical

e. Documented effects: M. haemophilium and M. marinum can cause severe disease; experimental infections with M. chelonae by IP injection yielded varying levels of infection but minimal or no clinical disease and mortality; in other fish species, interpretation of neoplastic or toxicopathic changes were compromised by high prevalence of inflammatory lesions; potential human pathogens.

f. Potential effects: compromise studies of infectious disease; may confound studies involving experimental infection with other Mycobacterium species; degree of chronic inflammation could have profound effects on genomic, proteomic, or metabolomic studies designed to investigate inflammation-mediated pathways. 

3. Pseudocapillaria tomentosa
a. Carpillarid nematode found in proximal intestinal tract.

b. Localized reaction and migration  mucosal hyperplasia, segmental inflammation

c. Clinical and macroscopic findings: Affected fish are often clinically symptomatic and exhibit profound wasting.

d. Diagnosis: not difficult – cross sections of embedded worms are readily visualized in mucosal epithelium and gut lumen (double-operculated, barrel-shaped eggs).

e. Potential effects: Proliferative enteritis has been observed in concert with intestinal neoplasia in zebrafish, and a causal relationship has been postulated. Parasite-induced tumors might be incorrectly attributed to experimental chemical exposure or other oncogenic entities.

4. Myxidium spp.
a. Myxozoan parasite frequently found in large numbers in the mesonephric ducts of zebrafish.

b. Not associated with significant histopathologic changes or clinical disease.

c. Potential effects: It has not yet been established whether the relationship between host and organism is parasitism or commensalism, but the presence in heavily infected fish might have some influence on urine flow and osmoregulation.

5. Egg-Associated Inflammation and Fibroplasia (EAIF)
a. Caused by egg retention in fish that have not had the opportunity to spawn frequently.

b. Associated inflammatory changes could be caused either by primary inflammation followed by increased atresia or, conversely, by a secondary inflammation response to the presence of egg debris. 

c. Clinical and macroscopic findings: Zebrafish in advanced stages of EAIF exhibit swollen abdomens, but mild forms may be subclinical. 

d. Documented effects: Reduce future viability in several fish species.

e. Potential effects: Interpretation of endocrine disrupting compound studies might be confounded by spontaneous occurrence of chronic oophoritis, the hallmark of EAIF. 

6. Liver Lesions
a. Hepatic megalocytosis: 

i. Particularly common in recirculating systems that used fluidized sand filters

ii. Can be caused by both natural toxins (e.g., cyanobacteria) or anthropogenic agents

b. Bile duct proliferation:

i. Often noted in normal fish

ii. Particularly common in some lines of TL zebrafish

c. Potential effects: the presence of lesions or unidentified hepatotoxins would profoundly affect any toxicological study involving liver morphology or function. 

7. Neoplasia
a. Not uncommon in zebrafish

b. Spindle cell sarcomas, spermacytic seminomas, ultimobranchial tumors, intestinal carcinomas

c. Potential effects: “Background” neoplasms would confound carcinogenicity studies and nutritional experiments. 

QUESTIONS
1. 
What is the most commonly observed infectious agent in zebrafish? What is the primary clinical sign in clinically affected fish?

2. 
What is the most commonly found Mycoplasma species of fish?

3. 
What is the genus and species of guppies? Of fathead minnows?

4. 
Where are Myxidium species found in infected fish?

5. 
What are the two most common neoplasms found in histological examination of apparently healthy sentinel fish?

ANSWERS
1. Pseudoloma neurophilia; curvature of the spinal axis.

2. Mycoplasma chelonae
3. Poecilia reticulate; Pimephales promelas
4. Mesonephric ducts

5. Ultimobranchial tumors and intestinal carcinomas

Husbandry

Crim and Riley. Viral Diseases in Zebrafish: What is Known and Unknown, pp. 135-143

Domain 1

Secondary Species: Zebrafish (Danio rario)

SUMMARY: While the viral diseases of research rodents are well characterized, no naturally occurring viral infections have been characterized for the laboratory zebrafish. Identification, characterization and monitoring of naturally occurring viruses in zebrafish are crucial to the improvement of zebrafish health, the reduction of unwanted variability, and the continued development of the zebrafish as a model. 
1. Are zebrafish capable of contracting viral diseases?

a. Numerous studies have documented experimental infection of zebrafish with viruses isolated from other fish species, including herpesviruses, a nodavirus, a reovirus, a birnavirus (IPNV), a rhabdovirus (IHNV), Spring viremia of carp virus, and infectious spleen and kidney necrosis virus (an iridovirus).

b. The zebrafish genome also contains multiple endogenous retroviruses, retrotransposons, and other retroid agents. 

2. Why do we care if zebrafish have viral diseases?

a. Regardless of whether clinical signs are evident, underlying infection with an unknown viral agent may confound experimental infection studies with a different pathogen.

i. For example, when Olive flounder (Paralichthys olivaceous) were infected with flounder birnavirus and then subsequently infected with Edwardsiella tarda, Streptococcus iniae, or VHSV, the flounder birnavirus-infected flounder were more resistant to VHSV than controls but less resistant to bacterial infection.

ii. Atlantic salmon (Salmo salar) acutely infected with infectious pancreatic necrosis virus (IPNV) and infectious anemia virus display significantly lower mortality than salmon infected with infectious salmon anemia virus only.

b. Viral infections may confound toxicologic studies or other studies that rely on histopathology by introducing unexplained histopathologic changes. 

c. Underlying infections may alter immune function (e.g., Chronic subclinical infections contribute to stress, which may lead to immunosuppression.).

d. Increased inflammation and altered cytokine production caused by underlying infections can affect cell proliferation rates, creating a confounding variable in tumorigenesis models. 

e. Zebrafish may be hosts to unknown oncogenic viruses, which may be a confounding variable in cancer research. 

3. Why is biosecurity important for laboratory zebrafish?

a. Ornamental zebrafish are often raised together with other species that harbor numerous pathogens. A recent example of pathogen transmission from the pet trade to laboratory zebrafish is neon tetra disease, caused by the microsporidian Pleistrophora hyphessobryconis. 

4. Why is the zebrafish a valuable model of infectious disease?

a. Zebrafish have the capacity to allow investigation of specific immune system components at various stages of immunologic development, and extensive molecular, genetic, and imaging tools are available for this species.

b. Zebrafish exhibit both the innate and adaptive arms of the immune system, including:

i. Leukocyte populations

ii. Inflammatory mediators

iii. Signaling molecules

iv. B & T lymphocytes, monocytes, and phagocytic tissue macrophages that are similar to mammalian counterparts

v. Both rag1 and rag2 have been identified in zebrafish.

vi. Both T-cell receptor genes and B-cell immunoglobulin genes exhibit V(D)J recombination 

vii. 24 putative toll-like receptor variants have been identified in zebrafish

c. Zebrafish are often maintained at 28 degrees Celsius, whereas some mammalian viruses adapted to replicate at 37C may not be pathogenic at 28C. Zebrafish can survive over a range of temperatures, allowing some viral infections to be “halted” by shifting the temperature so that viral replication stops. 

d. Investigating natural infection with zebrafish viruses in addition to experimental infections will improve the usefulness of the zebrafish as a model organism, not only elucidating routes of infection, virulence factors, host defenses, and viral countermeasures to host defenses but also providing information about potential confounding effects, modes of transmission, and necessary biosecurity measures for improved operation of bioaquatics facilities. 

QUESTIONS
1. T/F: Zebrafish are not capable of contracting viral infections. 

2. What viral family is infectious spleen and kidney necrosis virus found in? Is this a DNA or RNA virus?

3. What is the genus and species of the Atlantic salmon?

4. How many immunoglobulin classes does the zebrafish exhibit?

ANSWERS
1. False. Zebrafish have been repeatedly infected experimentally with a variety of viruses. 

2. Iridoviridae; DNA virus.

3. Salmo salar
4. Three: IgD, IgM, and IgZ

Watts et al. Fundamental Approaches to the Study of Zebrafish Nutrition, pp. 144-160

Domain 4: Animal Care; TT4.1. species-specific husbandry (e.g., nutrition, housing, exercise)

Secondary Species: Zebrafish (Danio rario)

 

SUMMARY: The value of the zebrafish model has been well established. However, culture variability within and among laboratories remains a concern, particularly as it relates to nutrition. Investigators using rodent models addressed this concern several decades ago and have developed strict nutritional regimes to which their models adhere. These investigators decreased the variability associated with nutrition in most studies by developing standardized reference and open formulation diets. Zebrafish investigators have not embraced this approach. In this article, we address the problems associated with the lack of nutritional information and standardization in the zebrafish research community. Based on the knowledge gained from studies of other animals, we have identified a number of factors for consideration in zebrafish nutrition studies and have suggested a number of proposed outcomes. The long term-goal of nutrition research will be to identify the daily nutritional requirements of the zebrafish and to develop appropriate standardized reference and open formulation diets.

QUESTIONS

1.
Define “nutrition”

2.
What are the current limits in the field of zebrafish nutrition?

3.
Zebrafishes are 
a.
Eurythermal 
b.
Sternothermic


Prefer 
a.
Areas of hydrodynamic activity 
b.
Still water


Tolerate 
a.
Low ionic content

b.
High ionic content

4.
Cite the different systems used for the culture of zebrafish
5.
Information (abiotic factors) that need to be clearly indicated in nutrition studies:

6.
What are the best feeding times and number of feedings?

7.
Cite organs in which significant nutrient reserves can be stored

8.
Some non-nutrient chemical may change the sex of the individuals?

9.
The initial colonization of the intestine occurs a) in the egg or b) from the environment

10.
How many days post-fertilization is the intestine fully functional?

11.
Say why feed intake and digestibility are difficult to assess in zebrafish
12.
Cite some approach to evaluate the efficiency and absence of toxicity of diets

13.
What kind of diet (natural or formulated) improves the fecundity?

14.
Epigenic effect of the diet have been observed in 

a.
Cardiovascular performances


b.
Vision 

ANSWERS

1.
Process by which living organisms acquire and assimilate nutrients for survival, growth, reproduction, and replacement of tissues.

2.
We don’t know a standard diet in order to compare the results and the daily dietary nutrient requirements for any life stages are unknown.

3.
a.
Tolerating temperatures of 6-38oC; b; a
4.
Static renewal system; recirculating system; Flow-through system

5.
Temperature, salinity, water flow turn over, oxygen and water quality, diet, feeding rate, photoperiod and light intensity

6.
No data available. Nevertheless multiple daily feedings combined with a diet that possesses good physical integrity may be the best approach to optimize feed rate

7.
Alimentary canal organs, gonads, muscles

8.
Right (I.e. isoflavone)

9.
b
10.
5

11.
In general fishes are fed as libitum and in group, their feces are soluble, they are small, the measures are time consuming

12.
Histological examination, physiological metrics (i.e. growth rate [weight variation or length measurement])

13.
We don’t know 

14.
a
Nasiadka and Clark. Zebrafish Breeding in the Laboratory Environment, pp. 161-168

Domain 4; T3 TT4.6

Secondary Species: Zebrafish (Danio rario)

SUMMARY: Zebrafish have no heteromorphic chromosomes and no clear sex-determining chromosome exists.  Sex determination is affected by genetics and environment.  Females have larger, light silver belly protruding in the anterior region.  Males have gold-reddish hue between blue stripes while females have blue and silver stripes with more yellow in dorsal fins.  Olfactory cues play a role in reproduction.  Male gonad pheromones stimulate ovulation in females and after ovulation females release pheromones that attract males and stimulate courtship.  Adult females have been shown to prefer odor cues of unrelated males to unfamiliar relatives.  Females have been seen to strategically allocate their eggs to larger males.  Male carotenoid coloration, longitudinal melanophore stripes, and symmetry of caudal fin patter may influence female mate choice.  Mate choice can also be affected by dominance hierarchies.  Dominant males have been reported as having greater reproductive success than subordinate males.  No difference has been found in dominant and subordinate females, but dominant females tend to monopolize dominant males.  To maintain genetic diversity, it may be better to set up small-group crosses than big group crosses.  

Courtship is broken down in three phases: initiatory, receptive/appetitive, and spawning.  First phase, males follow or swim alongside females and show abrupt movements.  The second phase is where the male touches the female’s side or tail with nose or head.  For spawning, male and female swim side by side and align genital pores and male rapidly oscillates tail against female’s side triggering oviposition, while releasing sperm.  Zebrafish attain sexual maturity at 3 months, early spawns has been seen at 2.5 months but eggs are of lower quality and quantity.  Prime reproductive performance lasts several months.  Fish older than 1.5 years spawn fewer eggs of inferior quality.  Smaller fish may need longer time to reach reproductive maturity.  Small females have been reported to generate larger egg diameters, but show higher mortality rates and are of lower quality.  Mature fish can spawn continuously all year 2 to 3 times a week.  Optimal breeding frequency is every 10 days.  Prolonged reproductive inactiveness in the female often develops a plug of necrotic eggs clogging oviduct which prevents further oviposition.  Mating is initiated at onset of light, so isolation cabinets with shifted light cycles can stimulate spawning.  

Mating crosses can be set up in static water over marbles to prevent fish eating eggs.  Another newer more popular strategy is a container holding fish with perforated bottom inside another container.  Mating crosses are generally set up in the afternoon and not disturbed until next morning.  Single-pair breeding can be used to identify carriers of recessive mutations.  Group crosses are usually more genetically diverse.    Aggressive behavior increases with density, but courtship behavior also increases in female-biases sex ratio.  Territorial males sire more offspring in lower densities than higher densities.  

Wild-type lines available include TU, AB, WIK, and Tupfel long fin and are available from the Zebrafish International Resource Center.  Inbreeding isogenic lines is a challenge and currently there are no inbred lines in which all individuals are identical and homozygous.  Near-homozygous lines include C32 and SJD and were created by inbreeding, heat shock and early pressure.  They eventually had to be outcrosses to increase viability.  SAT line derives from two wild-type lines, AB and TU inbred F2 progeny are used from mapping using a custom SNP array.  AB and TU G0 sequences can be found at Sanger Institute’s Zebrafish BLAST server.  The SAT line is genetically defined and is largely free of lethal and deleterious alleles.  

QUESTIONS
1. How are males and females distinguished from one another?

2. What are the 3 phases of courtship?

3. What are 2 mating cross strategic setups? 

4. Name 3 wild-type lines and 1 inbred or near-inbred line.

ANSWERS
1. Females have larger, light silver belly protruding in the anterior region.  Males have gold-reddish hue between blue stripes while females have blue and silver stripes with more yellow in dorsal fins.

2. Courtship is broken down in three phases: initiatory, receptive/appetitive, and spawning.

3. Mating crosses can be set up in static water over marbles or a container holding fish with perforated bottom inside another container.

4. Wild-type lines available include TU, AB, WIK, and Tupfel long fin, near-homozygous lines include C32 and SJD, and SAT line derives from two wild-type lines, AB and TU inbred F2 progeny. 

Wilson. Aspects of Larval Rearing, pp. 169-178

Domain 4: Animal Care

Secondary Species: Zebrafish (Danio rerio)

SUMMARY: This article discusses the variety of zebrafish larval rearing protocols in use.  The reason that varied methods are employed include lack of published scientific information, use of modified hobbyist and aquaculture protocols, and specific factors of the institution or researcher (e.g., staffing, space, funding).

Adult husbandry considerations are important for the production of larva.  Tank size and substrates for natural courtship behaviors, nutrition, inbreeding, age and genetics of breeders will affect success of larval production.  Gravel substrates may be preferred for spawning and zebrafish older than 18 months show decreased fertility, fecundity, and health.

Temperature, stocking density, water quality, and nutrition affect development.  Standard rearing temperature is 28.5 degrees Celsius.  Lower rearing temperature slows development while higher temperature accelerates it.  Stocking density in a standard petri dish during the embryonic stage is usually between 16 and 100.  More than 200 per dish is not recommended due to fungal and protozoal growth and larger size disparity within the clutches.  Based on a survey by the Zebrafish Husbandry Association, a variety of stocking densities – less than 20 larvae per liter or 40 to 50 larvae per liter of water – were reported for rearing during the larval stage.  Housing density, amount of food, and debris siphoning affect water quality. Not all facilities siphon debris, but its purpose centers around water quality; leftover debris may decrease oxygen and increase ammonia. Nutrition, although not fully understood, is critical component of proper rearing. At 5 to 6 days post fertilization, the larval digestive tract opens and initiation of feeding may commence. Paramecium, brine shrimp, plankton, powdered, or flaked diets are used to feed zebrafish. Facilities vary between which and when these foods are provided. Within the article, several husbandry protocols including specific feeding information and survival rates are reported. Additional points that were noted include the following. Paramecium-only diets are not adequate for proper growth and good survival rates. Although brine shrimp are not natural food items for zebrafish, they appear to fulfill needs for proper development. Powdered or flaked diets may not be specifically formulated for zebrafish. 

The author concludes that more research and standardization of larval husbandry protocols is necessary and may benefit the research community by allowing for improved reproducibility of data.

QUESTIONS
1. 
When do zebrafish generally reach sexual maturity?

a. 
1 – 2 months

b. 
2 – 4 months

c. 
4 – 8 months

d. 
8 – 12 months

2. 
At what day post fertilization is the yolk completely absorbed which leaves the larvae dependent on exogenous feeding?

a. 3

b. 7

c. 10

d. 15

3. 
What is the preferred pH range of housing water for zebrafish?

a. 
6.4-6.8

b. 
6.8-7.2

c. 
7.2-7.6

d. 
None of the above

ANSWERS
1. 
b
2. 
b
3. 
b
Lawrence and Mason. Zebrafish Housing Systems: A Review of Basic Operating Principles and Considerations for Design and Functionality, pp. 179-191

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

Secondary Species: Zebrafish (Danio rario)

SUMMARY: This review details the basics of housing design and function for use in zebrafish research.  Zebrafish are a rapidly growing species in animal research for many reasons.  With this and the increased focus on aquatics in the new Guide for the Care and Use of Laboratory Animals, this paper is important information for everyone involved in research utilizing aquatics.  Although the paper is geared towards zebrafish, most of the information is also true for many other aquatic species, both fishes and amphibians.

When selecting a fish housing system, they should all satisfy three key components: providing a stable and favorable environment that produces and maintains health and productive fish, supports specific research goals of investigative staff, and to facilitate adherence to regulatory requirements.  All of these can be achieved with planning and knowledge of aquatic systems.  But the overall success of the aquatic program and systems ware dependent on the quality of people managing it.  Key parameters to manage and stabilize are temperature, pH, salinity, alkalinity, hardness, dissolved oxygen, and nitrogenous wastes.  Fluctuation of these parameters over time can have serious effects on animal health and welfare.  Recommended parameters for zebrafish are included in this article.

The first area of concern is the incoming water supply.  Most municipal water supplies are treated or leached with chemicals that are toxic to fishes (e.g. chlorine, chloramines, heavy metals.)  Inexpensive options to manage this are aerating the water to off-gas chlorine, use of off-the-shelf chemical additives (sodium thiosulfate), and pre-filtering with activated charcoal.  More reliable (and expensive) options can include reverse osmosis, deionization, or a combination of the two.  However, it should be remembered that deionized water and reverse osmosis water should be conditioned by replacement of trace elements (e.g. calcium and magnesium.)  This is usually accomplished by the addition of synthetic sea salts at appropriate concentrations.

There are two basic types (and many variations thereof) of filtering systems used in aquatics: flow-through and recirculating.  In flow through systems, there is a constant supply of clean water entering the system and a constant outflow of waste water.  This is less efficient and less applicable in most situations.  The more common setup is a recirculating system where clean water enters the habitat and the waste water goes through multiple methods of filtration.  The first is mechanical filtration.  This removes larger, solid particles that have developed.  This can be accomplished by filter pads, manual siphoning, or specific mechanical filters.  Since these filters are removing particulate wastes, they must be maintained and replaced on a regular basis.  The next filtration method is biological filtration.  Biological filtration utilizes ubiquitous bacteria that turn ammonia into nitrite and finally into nitrates.  Ammonia is particularly toxic to fish and high levels can lead to mass mortality.  Typically ammonia levels are low is a healthy biofilter is present.  Most systems utilize some sort of increase surface area for colonized bacteria in the sump (e.g. bioballs, clay pebbles.)  It should be reminded that haphazard use of antibiotics in the water can lead to unintentional death of the beneficial bacteria and loss of the biofilter.  The final method of filtration is chemical filtration.  With chemical filtration, activated charcoal, ion exchange resins and ammonia binders are used to bind organics and ammonia.  This helps keep the water clear and reduce odor.  It should be remembered though that these chemicals are consumables and must be replaced regularly.  Also, prior to placement into the system, they should be rinsed with clean water to remove any dust or debris.  The process of moving water throughout the recirculating system is typically sufficient to provide proper aeration of water and blow-off of carbon dioxide.  Poorly designed systems may have areas of low flow and thus develop pockets of under-aerated water.

Ultraviolet disinfection is the most frequently applied method of water disinfection in zebrafish systems.  Typically, these lamps are housed in a quartz sleeve and all the water is passed between the bulb and the sleeve.  This allows the UV radiation to disrupt the DNA of microorganisms, killing or inactivating them.  Important factors in the effectiveness of UV sterilizers are appropriate wattage of the lamp, ability of the light to penetrate the water, and length of time the water is in contact with the UV light.  This information is very system specific and following manufacturer’s guidelines are critical.  Also, it is important to remember that the UV sterilizers need regular servicing as can include bulb changes, sleeve cleaning, and total replacement to ensure maximal operation.

There are many ways to monitor the water quality and living conditions in zebrafish systems.  Manual testing equipment is inexpensive and readily available.  Continuous monitoring equipment is also available although it is more costly.  Automated monitoring systems are preferable as they test continuously and will notify the user as soon as parameters go out of range.  However, it is important to regularly service these monitoring systems and to manually test values regularly to ensure that the automated system is working appropriately.  High end systems are automated enough to both alarm and correct water quality abnormalities.

For the physical systems themselves, there are many options both pre-fabricated and customizable.  They can be made from glass, acrylic, fiberglass, polycarbonate, or polysulfonate.  It is critical that systems be made of corrosion-resistant material that can endure in an aquatic environment.  But one must be careful in selecting the materials as some construction materials contain chemicals (such as fungicides) that are toxic to aquatic life.  Some standard plumbing materials contain these chemicals and some types of silicone contain additives that resist mold and are also toxic.  There are automated feeding units as well, but these can be troublesome should they malfunction.  This article also touches on stocking densities, breeding-specific concerns, and creation of a sentinel program.

QUESTIONS
1. Which of the items listed below is not a common type of filtration in aquatic systems:

a. Biological Filtration

b. Chemical Filtration

c. Mechanical Filtration

d. Parasitic Filtration

2. True/False. The key advantage to UV sterilization is that there is very little maintenance needed once the system is established.

3. True/False. Most supplies of water from municipal sources contain chemicals toxic to fishes and must be pre-treated before addition to the system.

4. True/False. It is critical to keep all bacteria to a minimum in recirculating aquatic systems and regular addition of antibiotics is helpful.

5. Which modality of water quality testing and monitoring is preferred?

a. Automated monitoring

b. Manual monitoring

c. A combination of automated and manual testing

ANSWERS
1. d
2. False. UV sterilizers need regular maintenance to perform adequately.

3. True. Most water supplies contain chlorine, chloramines, and possible leached heavy metals.

4. False. Recirculating systems are critically dependent on bacteria in the biofilter to breakdown nitrogenous wastes.

5. c
Matthews and Varga. Anesthesia and Euthanasia in Zebrafish, pp. 192-204

Domain 2:  Management of Pain and Distress

Secondary Species:  Zebrafish (Danio rerio)

 

SUMMARY: There are many characteristics that make the zebrafish (Danio rerio) a model organism for biomedical research including relative ease of embryonic manipulation and observation, the ability to produce a great number of genetic mutations, efficient screening methods, and excellent progress in sequencing and mapping the zebrafish genome.  Methods of anesthesia and euthanasia for the zebrafish are reviewed in this article, but the reader is encouraged to read the newly released AVMA Panel on Euthanasia’s Guidelines for Euthanasia (2013) for the latest word on acceptable and unacceptable euthanasia practices.

 

In general, the ability of zebrafish to feel pain is one that is still debated.  This article recommends that, until further research proves otherwise, any procedure that would reasonably cause pain or discomfort in a human or any other species should be considered to cause pain or distress in zebrafish.  In addition, when evaluating procedures for euthanasia the criteria to be considered should include “the ability to induce loss of consciousness and death with no or only momentary pain, distress, or anxiety; reliability; irreversibility; time required to induce unconsciousness; appropriateness for the species and age of the animal; compatibility with research objectives; and the safety of and emotional effect on personnel” (NRC 2011). 

 

The following are the methods discussed in the paper, along with a brief description of the process:

Ethyl 3-aminobenzoate methanesulfonic acid
· Tricaine methanesulfonate, or MS-222

· Muscle relaxant that blocks sodium

· Acidic – needs to be buffered

· Can be used for sedation (0.01 mg/ml), anesthesia (0.168 mg/ml) and euthanasia (0.2-0.3 mg/ml)

· Most common form of euthanasia

Eugenol
· Clove oil; not approved by FDA as an anesthetic

· Anesthesia induced more rapidly but recovery much slower compared to MS-222

· Not water soluble – solution prepared from ethanol

Rapid cooling
· Not recommended for invasive procedures

· Not an effective anesthetic

 

Additional methods discussed in the article have been evaluated and are in use at the author’s institution and usually involve rapid cooling of adults followed by maceration.  Euthanasia of early-stage larvae and embryos involves rapid cooling as MS-222 is not reported as effective, even at higher concentrations.

 

QUESTIONS
1. The stress response in fish can be generally categorized into how many physiological stages?  Name the stages.

2. What is the only anesthetic approved for some aquatic species by the US Food and Drug Administration?

3. True or False:  Under normal conditions, zebrafish are obligatory gill breathers.

4. How many levels of anesthesia are there in zebrafish?

 

ANSWERS
1. Three – primary, secondary, and tertiary

2. MS-222 (tricaine methanesulfonate)

3. True

4. Six (6) – levels 1-5 and stage 6

 

General

Sanders. IACUC Issues Associated with Zebrafish, pp. 205-207

Secondary Species: Zebrafish (Danio rerio)

Domain 5: Regulatory Responsibilities; TT5.1c 
SUMMARY: The article explores aspects that members of IACUC, husbandry staff, physical plant personnel, veterinarians, principal investigators, and research personnel should consider with regard to appropriate and necessary care and use of the zebrafish model in a teaching, laboratory or research setting. 

QUESTIONS

1. 
Cite two factors influencing mate choice and mating behavior

2. 
Cite three factors influencing spawning

3. 
What are the viral infections that have been reported in the zebrafish?
4. 
What are the two most common non-viral infections in the zebrafish?

5. 
How to diagnose those infections?

6. 
Cite a common pathology of older individuals

7. 
What are the main differences between the protocols of sedation/anesthesia and euthanasia?

8. 
Most of the zebrafish in a breeding colony are inbred individuals. True or False

9. 
There is minimal knowledge about the requirements of larval zebrafish. True or False

10. Zebrafish display clear behavioral signs of pain and distress. True or False

11.
The agents causing neoplasia are well known. True or False

ANSWERS

1. 
Olfactory cues, visual stimuli, social interactions

2. 
Fish age and size, diet, light cycle, health status, intervals of egg production

3. 
None

4. 
Mycobacteria and microsporidia

5. 
Histology with special staining and PCR.

6. 
Neoplasia

7. 
The agent, the dose, the contact time

8. 
False, high degree of polymorphic variations

9. 
True

10. False

11.
False, but some diet, some husbandry conditions (recirculating system) and some infectious diseases agents are suspected

Smith. Zebrafish Resources on the Internet, pp. 208-214

Domain 6:  Education; K1:  Educational Resources

Secondary Species:  Zebrafish (Danio rerio)

 
SUMMARY: Zebrafish research use has significantly grown over the past 2 decades.  There are many research uses, including:  embryology, development and reproductive biology, behavior, neurobiology, immunology, toxicology, oncology, teratology, etc.  There is now an increase in the amount of information and literature about this species on the internet.  This article details an overview of useful internet resources to assist those in working with zebrafish.  Some of the sites listed cover areas of general information; resources; publications; specific information; imaging and images; videos; facilities / laboratories with zebrafish; and zebrafish journals, associations, and societies.
 
Good general information sites include the following:  Zebrafish - Wikipedia http://en.wikipedia.org/wiki/Zebrafish ; Zebrafish - Animal Research.info   www.animalresearch.info/en/listing/253/zebrafish/ ; and Danio rerio  www.daniorerio.com/ .  Resource sites include Zebrafish International Resource Center (ZIRC) University of Oregon http://zebrafish.org/zirc/home/guide.php ; Zebrafish Information Network (ZFIN) university of Oregon http://zfin.org/ ; and Trans-NIH Zebrafish Initiative - US NIH  www.nih.gov/science/models/zebrafish/ .  Zebrafish publications include:  The Zebrafish Book:  A Guide for the Laboratory Use of Zebrafish Danio (Brachydanio) rerio - Royal Society for the Prevention of Cruelty to Animals http://zfin.org/zf_info/zbook/cont.html and The Zebrafish Model - ALN, Vicon Publishing  www.alnmag.com/article/zebrafish-model .  Examples of imaging and images include Zebrafish Atlas - Penn State University at http://uvo.nichd.nih.gov/atlas.html  and FishNet at www.fishnet.org.au/about.shtml / and Interactive Atlas of Zebrafish Vascular Anatomy http://uvo.nichd.nih.gov/atlas.html .  Zebrafish facilities include UMass Zebrafish Facilities - University of Ma, Amherst at www.bio.umass.edu/biology/karlstrom/FishFacility.html;   Zebrafish Aquaculture Core Facility - University of North Carolina at www.med.unc.edu/physiol/research/zebrafish-facility; and Aquatic Research Laboratory - Oregon State University at http://ehsc.oregonstate.edu/SARL .

QUESTIONS

1.  
List the scientific name of the zebrafish.

2.  
Which are research uses of zebrafish?

a.  
Embryology                      
b.  
Oncology                          

c.  
Behavior

d.  
Stem cell and regenerative biology

e.  
All of the above

3.  
Which statement is false about zebrafish:

a.  
Zebrafish have a short generation time

b.  
Zebrafish have rapid embryo development

c.  
Zebrafish are difficult to breed in captivity

d.  
Zebrafish have external fertilization and development

e.  
Zebrafish have large embryos and easily observed testable developmental behaviors

ANSWERS

1.  
Danio (Brachydanio) rerio         
2.  
e            
3.  
c  

