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SUMMARY

Samples of fin fish, water and other material intended for submission to a laboratory for examination or necropsy to obtain a diagnosis of disease must be adequate and appropriate for the purpose. This document provides advice to achieve that objective, particularly for readers without specific knowledge of fish diseases. Fish show a limited range of clinical signs and gross lesions, so the quality of the samples to enable differentiation of diseases with similar presentation is crucial. A full history should accompany the samples. The specific methods for collecting, preparing and submitting the samples differ according to the examinations needed. protocols for all methods are described.
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Diagnostic Overview

Introduction

Clinical signs in fish with diseases are rarely pathognomonic, and laboratory examination and tests for identification of pathogens are necessary for diagnosis of both infectious and non-infectious diseases. In contrast to ANZSDPs that describe procedures for the diagnosis of disease and the identification of the causal agents, this document is intended to ensure that adequate and appropriate samples are obtained, even by those unfamiliar with fish diseases, so that subsequent laboratory investigations are not compromised. 

Complete standardisation of a diagnostic approach is not practical, as this requires a process of sequential decisions to direct testing to the likely or possible causes of disease. It is important to record all information, as decisions on sample processing  and tests may be made during the examination process, as well as at sample collection. This advisory document is one resource to ensure appropriate sampling decisions are made. The Australian Aquatic Animal Diseases Significant to Australia Identification Field Guide was prepared to provide guidance on the possible causes of disease from gross examination and will also assist the decision-making process.1 Provision of an accurate, appropriate and adequate history of the outbreak or problem is essential to facilitate selection of appropriate follow-up tests and to assist in interpretation of results. The history should include information on the affected fish population, their cohorts and environment, as well as specific details of the samples submitted. A detailed checklist is provided in section 10 to assist in a systematic approach to the collection of relevant history. 
This advisory document describes agreed national guidelines for obtaining samples of fish for submission for diagnosis of disease or disease surveillance. Although not obligatory, broad use of these guidelines, especially by those without specific aquatic animal health expertise, will assist Australia to maintain high standards of diagnostic capability for aquatic animal diseases. When the recommended methods are followed and a diagnosis of any particular disease is made, decision makers are aware of both the way it was made and of the weaknesses or strengths of that particular diagnostic technique. 

Effective disease surveillance includes prompt investigation of sudden disease outbreaks and fish kills, which in a sparsely populated country such as Australia may involve sample collection by inexperienced operators. Ensuring investigations are of a high standard under these circumstances will contribute to demonstration of an effective early warning system for disease, which is an essential part of protecting Australia’s relative disease-free status. Specific information on the investigation of fish kills can be found in the National Investigation and Reporting Protocol for Fish Kills. 2   

Verified knowledge of disease status, particularly verification of freedom from specific diseases, is an important component of safe trade, enabling exporting or importing countries to meet the health measures developed by the World Organisation for Animal Health (OIE) to avoid the transfer of pathogenic agents while avoiding unjustified trade barriers. These measures are presented in the OIE Aquatic Animal Health Code (Aquatic Code). Laboratory diagnostic procedures for diseases of international concern that are listed in the Aquatic Code are described in the OIE Manual of Diagnostic Tests for Aquatic Animals.3 ). 

Although specific tests for detection of diseases that are exotic to Australia may not be used routinely, good general examination including histopathology and examination of tissue smears will usually enable exclusion of these agents as a cause of clinical disease, and provide retrospective data on disease absence. The specific tests must be used to detect carrier status, which is common with fish viruses and primary bacterial pathogens, or to confirm disease status. 

Most of the current OIE-listed fish diseases are viral, although bacterial diseases and one fungal disease are also represented. Most of the listed diseases are absent from Australia, and those present are of limited distribution. This document covers sampling to provide evidence for the presence or absence of these diseases, as well as the diagnosis of clinical disease 

For investigation of suspected viral disease and for targeted surveillance, virus isolation on specific fish cell lines is the method of choice, but appropriate cell lines may not be available for all viruses. Cell lines have been established for the most important of the generalised infections affecting haematopoietic tissue, and for some other viral diseases. Where virus isolation is unavailable or not undertaken, histopathology examination usually provides the most useful initial test for diagnosis. 

Haematopoietic tissues, which are a target for many fish viruses, are usually included in routine histopathology examinations, but other viruses target organs such as the pancreas, gill (for example, pilchard and koi herpes viruses), brain (nodavirus), or skin (herpes-related skin tumours), so an appropriate range of fixed tissues must be included. Histopathological examination has until recently been the major test for routine surveillance for nodavirus infections of fry of several species, though molecular tests and specific cell lines are becoming available. 

Systemic microbial infections may be caused by a broad range of ubiquitous organisms that may become economically significant opportunist pathogens, particularly the bacterium Aeromonas hydrophilia in freshwater environments and Vibrio species in marine environments. Acute septicaemic stages may sometimes be seen as explosive outbreaks, but are rarely distinctive and cannot be distinguished clinically from viral infections. Nor does the presence of bacterial infection exclude viruses, which may provide the stress or immune suppression leading to secondary bacterial infection. As stress can be a key factor in expression of disease, the history must include information on potential stress factors to ensure accurate diagnosis and so that control efforts, where appropriate, are directed towards correcting the underlying causes. 

Regional bacterial strain differences are often important determinants of pathogenicity and species susceptibility. Therefore, identification of bacteria to strain level is important for both epidemiology studies and regional health status. 

Both bacterial and fungal infections may cause surface erosion, providing particular problems with regard to contamination of samples from organisms in the environment. Superficial infections by the common water fungi, such as Saprolegnia species in freshwater or members of the Flavobacteriaceae in both freshwater and marine environments, must be distinguished from epizootic ulcerative syndrome (EUS), the fungal disease of international concern. 

Differential diagnosis in the investigation of sudden death of large numbers of fish includes infectious agents and non-infectious causes such as pollution or algal blooms. Such non-infectious causes of fish deaths may act as indicators of pollution or aquatic environment degradation and of natural toxins, such as those of cyanobacteria (blue green algae) in freshwater systems and algal blooms in coastal waters, which may threaten the health of humans, livestock or wildlife. Thus diagnostic effort should extend beyond identification of infectious agents and include examination of water. 

Part 2   Sampling Methods

1.  General Submissions for Diagnosis of Disease

Sample Selection for Diagnosis

Submissions to a laboratory for diagnosis should include suitable specimens of fish, water and any other material that is suspected to be involved, and a full history. Fish show few diagnostic clinical and gross signs, so a range of tests may be required and samples and history must be of high quality to ensure a diagnosis. 

Live affected fish should therefore be submitted where possible. If this is not practicable, then fish should be euthanased, and either cooled and dispatched on ice or samples cultured or fixed before dispatch. 

Unlike mammals, which tend to cool after death, limiting some enzyme activity, the body temperature of dead fish in water is unaltered, and those out of water often warm up. Fish enzymes may also operate over a broader temperature range. Fish therefore tend to undergo rapid autolysis and putrefaction after they die. Fish found dead are generally unsuitable for laboratory examination, so dead fish should be submitted only when there are no other options for diagnosis.1 Poor quality specimens will probably prevent a diagnosis from being established. 

Live Affected Fish

Live affected fish are suitable for all analyses, except some chemical tests for toxins, for which water samples are preferred. This is because chemical analyses of many water-borne toxins may be difficult to analyse in tissue, or concentrations of the toxins may change during transport. Where toxins are suspected, live fish may be submitted for general examination and exclusion, but water samples should also be included, as well as freshly dead fish submitted fresh and frozen, if available. 

Freshly Dead Chilled Fish

Fish that are chilled very soon after death are suitable for most examinations if received with minimum delay, though many external parasites may no longer be detected. Delays of up to 12 hours may be acceptable for chilled large fish but only one to two hours for chilled small fish. Early autolytic changes may mask subtle degenerative changes, especially of gill and gut. If sufficient affected fish are available, fixed tissues and fish on ice should be submitted. If no additional fish are available, a small portion of gill, which autolyses rapidly, should be fixed. Gill harbours many important parasites and this is the tissue most vulnerable to water-borne toxins. 

Frozen Fish

Frozen fish are mainly useful for toxicological analysis and gross pathology.

Fixed Preserved Specimens

Preserved specimens are suitable for gross and histological examination, including immunohistochemical staining, but not for the isolation of pathogens.

Fish Samples for Specific Tests 

When affected live fish or fish that are chilled very soon after death cannot reach the laboratory in suitable time, then samples for specific tests should be selected. Samples for tissue examination and chemicals analysis should be preserved. Samples for bacterial culture should ideally be inoculated directly onto culture media, as transport media may not support fish pathogens. If this is not possible, organs or tissues for culture should be separated from non-sterile tissues such as the gut and skin. Samples for examination for viruses should be collected in a sterile manner and held chilled. If delays in virus culture are unavoidable, samples for diagnostic virology can be held frozen at -20oC or below. Freezing and thawing reduces virus titre, but this would normally be high in clinically affected fish. Freezing is not acceptable for routine planned virology culture tests of clinically normal fish to verify freedom from specific viral diseases, where a low titre would be expected. 

If delays in virus culture are unavoidable, samples for diagnostic virology can be held frozen at -20oC or below. Freezing and thawing reduces virus titre, but this would normally be high in clinically affected fish. Freezing is not acceptable for routine planned virology culture tests of clinically normal to verify freedom from specific viral diseases as a low titre would be expected. 

Water Samples

Water samples are an aid to diagnosis in almost all cases. Submit together with other associated samples such as possible pollutant material for chemical analysis.

Water samples are needed more often than equivalent environmental samples relating to mammals. This is because of: 

•  limitations on oxygen concentration in water and the factors that can further reduce this; 

• 
the increased dependence of poikilotherms (cold-blooded animals) on environmental stability; and 

•  the mixture of food, fish and pollutant waste in the fish's respiratory environment.  

Oxygen concentration is best measured on site, where possible, as this may change during transit, though indirect laboratory measurements, such as biological oxygen demand (BOD), can indicate whether low oxygen was likely to have been a factor. 

Several types of water sample may need to be submitted, with separate preservative or container preparation for bacterial, algal, toxicological and general water analysis, particularly in the case of sudden fish kills (See Table 2, Appendix).  Water in which live fish are submitted is unsuitable for chemistry, as fish will induce changes during transport. If specific water sampling containers are not available, clean unused plastic bags provide an uncontaminated container for water samples. If only used containers are available, they must be thoroughly cleaned, then rinsed several times with the water to be sampled before samples are collected. Containers should be completely filled or excess air extruded before sealing.  
Sample Summary

The following is a list of samples to be submitted for general diagnosis of fish diseases, in decreasing order of preference.  

a) Preferred samples

(i) Live affected fish, plus
(ii) Suitable water samples (see Table 2 in Appendix, below).

(iii) Any suspected contaminant material or suspected feed.

(iv) Blood or tissue samples, if tests are required for chemicals that will change during transport (see below)

(v) Smears or fixed tissue of gills and skin, especially where gross lesions are detected. 

(vi) History (see below); or

b) If fish cannot be maintained live, submit
(i) Freshly killed fish on ice.

(ii) Fixed tissues, especially gills, gut (see below).

(iii) Blood samples if required.

(iv) Frozen fish or tissues for labile chemistry if required (see below).

(v) Suitable water samples (see below).

(vi) Any suspected contaminant material or suspected feed.

(vii) Smears of external or gill lesions.

(viii) History (see below); or

c) if transport is delayed, submit samples as for (b) plus specific samples for virology, bacteriology and fixed parasites, as appropriate; or

d) if no live fish are available, submit
(i) Dead fish (largely unsuitable), on ice and frozen.

(ii) Fixed tissues if autolysis is slight.

(iii) Water samples (sampling possibly too late).

(iv) History (see Section 10).

Methods of Submission of Fish Samples

Live Fish

Transport live fish in sealed plastic bags, partially filled with water and containing air or preferably charged with oxygen. Place bags in a strong insulated container (such as a polystyrene cold box with a plastic liner).  Consider transport conditions and aim to keep the fish at the temperature appropriate for the species. It is seldom appropriate to use ice for tropical species if submitted live.  For other fish, a small amount of ice, contained within a separate sealed plastic bag should be included in warm weather. 

Allow 2 L of water per 5-10 small fish (10 cm length), filling bags to one-quarter full with water, leaving the remainder filled with air or oxygen. If oxygen is available, press the air from the bag and replace with oxygen. Seal and place in a second bag along with ice. Place and seal in outer container.

If you doubt that fish will arrive alive, select additional samples for individual tests, especially fixed material and smears, and perhaps cultures of lesions.

Freshly Dead Fish on Ice

Submit freshly dead fish sealed in plastic bags, preferably individually wrapped, and packed in ice. Ensure the fish are not in direct contact with ice or water. Ice must be contained in a separate strong, plastic bag. Use generous quantities of ice for packing fish as described below.

Affected fish should be euthanased, preferably with an overdose of anaesthetic. However, as this may cause some parasites to leave the fish it is recommended smears for parasites be made as soon as possible. For organic chemical analysis, percussion stunning with a sharp blow to the head is suitable unless the brain is needed for analysis. This will also induce haemorrhage artefacts in the gills. (See Appendix for anaesthetic preparation and euthanasia). 
Frozen Fish

For gross pathology and non-labile tests such as metal and pesticide analyses of tissues, previously frozen samples can be submitted on ice. Frozen fish will reach the laboratory partially defrosted. However, for labile toxicological tests, maintain samples frozen with dry ice during transport, packed similarly to wet ice as described below.

Preserved Specimens

Pack preserved specimens adequately to prevent leakage or breakage. For specimens in dangerous fixatives, such as Davidson’s solution, submit after fixation is complete, pour off the fixative and send specimens in sealed containers with paper towel or similar material soaked in 70% alcohol. 

Samples for Specific Tests

Where affected live fish or fish just killed and on ice cannot be submitted to reach the laboratory in suitable time, select samples for specific tests (see below). Sample selection for specific tests may also be required for certification of freedom from disease.

All specimens must be labelled and securely packed and sealed within double layers of plastic to prevent leakage or breakage, and packed with absorbent material to absorb any spillage that may occur.  

Packing and transport

Specific packing conditions apply to transport by air  and Australia Post. For routine diagnosis, samples should be packed in compliance with IATA packing regulation 650 (UN3373). Dangerous Goods (such as those suspected to contain an exotic agent) should be packed only by an IATA-accredited packer, to ensure compliance with IATA packing instruction 602.4 Dangerous Goods are not permitted to be sent by post. 

2.  Sampling for Histopathology Examination

Selection of Fixative

Formalin fixation 

For general microscopic examination of fin fish, 10% isotonic formalin fixative preferably buffered or at least balanced to neutral pH, is usually suitable. As finfish tissues are of the same isotonicity as higher vertebrates, standard vertebrate fixatives are suitable. 

Exceptions are where rapid penetration is required; with tissues that tend to separate during processing; and for fixation of small parasites that would otherwise wash off epithelial surfaces during processing. Under these circumstances, both Bouin's and Davidson's fixatives are useful (see Appendix for formulae), but some detail is lost. Both are acidic fixatives with slight decalcifying action. Use of these fixatives results in reduced tearing of scaled skin sections during sectioning and reduced need for further decalcification.

Bouin's Fixative

Bouin's fixative is suitable for small specimens, especially very small fish that can be fixed and sectioned whole. It is also useful for skin and eyes, although eyes may be better fixed in neutral buffered formalin after making a small slice in the back of the retina to aid penetration, as Bouin’s fluid may result in artefacts. 

Davidson's Fixative

Davidson's fixative is recommended for gills with suspected parasites. Protozoa on mucous surfaces are retained better. For skin, Davidson's fixative is preferred to formal saline, but is less effective than Bouin's fixative.  

For marine ectoparasites of skin and gills, the use of seawater for Davidson’s solution, or of 10% formalin in seawater, provides better preservation of shape. The parasites will be isotonic with seawater, unlike the fish tissues, which are isotonic with other vertebrate cells.

Transfer tissues from Davidson’s fixative to 70% ethanol within one week.

Fixative for Electron Microscopy

Standard electron microscopy fixatives and processing methods are applicable to fish tissues.  

Necropsy Technique

Pathological examination includes gross examination. The following technique ensures that gross findings are noted and that appropriate samples are collected for histopathology examination. 

External examination

Examine, describe and sample external or eye lesions. The degree of eye clouding may assist in assessing the time of death. Exophthalmos or eye haemorrhage is a common finding with septicaemia, but may also indicate gas disturbances. An open mouth as a common finding in a group of dead fish is likely to indicate respiratory distress. 

Then lift and remove a gill cover (operculum) and examine gills and mouth. Note gill colour, the extent of mucous cover, and any gill or mouth lesions and parasites. Gill colour is also a guide to the level of post mortem change, as well as an indication of anaemia or congestion. Focal lesions or increased mucus may indicate parasites or other irritants. 

Parasitised fish may show few gross signs, though surface parasites are common and often in sufficient numbers to be clinically significant. Protozoa and small flukes are best observed in wet smears. Prepare smears from gills and skin surfaces. For laboratory submission, air dry smears immediately. If microscopy is available, add a drop of water and examine as wet smears for parasites. Fix gill samples.

Gills

Gills must be fixed as soon as possible after death as the simple epithelium rapidly detaches from the basement membrane, mimicking many disease processes. To fix gills, lift or cut the gill cover and fix one or more whole gill arches from small fish, or at least 1.5 cm of an arch from larger fish. Do not fix the whole gill apparatus of large fish as this results in poor penetration of fixative. 

Wet Smear Examination for Microscopic External Parasites

To prepare wet smears of mucus from skin and gill, lightly scrape the surface of the tissue with a scalpel blade, transfer the mucus collected to a slide, and dilute with a drop or two of water and place a cover slip over to give a thin film. Examine the wet smear immediately as many parasites leave the host rapidly after death, or are loosely adhered and are not retained in sections. Use the same source of water for dilution as that of the fish, or at least of roughly the same salinity and temperature to preserve parasite integrity.

Abdominal Cavity

Using curved, blunt-ended scissors, open abdominal cavity along the mid-line to just in front of the vent (cut 1, Fig. 1) and reflect (cut 2) or remove one abdominal wall (cut 2 and cut 3) to expose abdominal organs. 
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Figure 1. Dissection cuts.



For small fish, abdominal exposure is best made by one curved incision from in front of the anus curving towards the spine but remaining ventral to the kidney and extending forward to the gill arch (cut 2 and 3 only). The abdominal flap can then be retracted downwards to provide a sterile surface for handling tissues. 

Locate the major organs (Fig 2), and note size, colour, friability, haemorrhages, nodules, necrosis or parasites present in these organs. Note the level of abdominal or pancreatic fat as an indicator of condition, and the presence of fluid in the abdominal cavity or swim bladder and / or serosal congestion or petechiae, which may indicate viral or bacterial disease.

Liver

The liver is readily recognisable, usually on the left side, but occasionally on the right. In some species (particularly marine species) it may also contain pancreatic tissue. Colour is typically red-brown to tan but may vary between species and with physiological state. Hepatocyte activity may provide an indication of nutritional state, circulatory function, occasionally viral activity and an indication of some toxins. Focal lesions are likely to be parasitic or bacterial although bacterial lesions are relatively uncommon, except with rickettsiosis. 
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Figure 2. Locating internal organs




Spleen

The spleen is readily accessible as a red ovoid or bilobed organ ventrolateral to the intestinal mass, possibly embedded in abdominal fat. The spleen is a major haematopoietic, lymphoid and phagocytic organ. It is typically enlarged in infections and may provide an indication of responses to infection or stress. 

Heart

The two-chambered heart lies caudal to the gills and is exposed by cutting the diaphragm above the liver. The external surfaces within the pericardial sac should be smooth. Myocardium trabeculae fill much of the lumen in a sponge-like formation, with a firmer external wall that is thicker in more active species. Poor heart morphology reflecting developmental changes, nutritional imbalances or inactivity is relatively common and may result in a rounder heart shape. Generalised myocarditis may have a viral or nutritional cause. Surface lesions are commonly bacterial in origin. 

Kidney

The kidney is the dark organ closely apposed to the dorsal wall of the abdomen and covered by the swim bladder.  In many fish species, the kidney runs the length of the abdominal cavity. In others, it is present as anterior and posterior lobes.  Through most of its length, it contains haematopoietic tissue and tissue breakdown pigments as well as the nephrons. Only haematopoietic and related tissue and hormonal tissue equivalent to the adrenal gland are present in the anterior portion. In a few species the posterior lobe contains only nephron elements, otherwise blood and haematopoietic tissue dominate the gross appearance and gross differences in colouration between lobes should not be apparent. One or more pairs of small pale endocrine glands (the Corpuscles of Stannius) may protrude from the posterior kidney surface. Other areas of pallor may represent areas of inflammation or urolith formation. The kidney, like the spleen, is a major blood filtration site and therefore a common site for infections. Fix both anterior and posterior sections. 

Gut

The gut includes oesophagus, stomach (in most species), intestine and rectum, plus multiple finger-like pyloric caecae branching from the anterior portion of the intestine. 

Pancreas

The pancreas is usually found as microscopic glandular clusters within the fat between the pyloric caecae, though in some species pancreatic tissue is restricted to the liver. The pancreas is a specific or common target for several major viral diseases, and may be involved in bacterial infections. As the glandular clusters are microscopic, grossly visible lesions in this area are likely to indicate vascular involvement, or fat pathology. 

Brain

Expose the brain by slicing off the top of the skull. Alternatively, section through the head posterior to the eyes, grasping the fish firmly behind the head, and cutting through the head transversely a short distance behind the eyes. Continue cutting until the oropharynx is reached. The incision for large fish is best made with a culinary or butcher's knife that has a finely serrated cutting edge to the blade. A useful size of blade is between 15 and 20 cm long. For sterile dissection, sterilise the knife in alcohol or wipe with an isopropyl alcohol-impregnated cloth before use. Gross lesions are usually restricted to vascular changes such as congestion.  

Sample Selection for Histopathology Examination

Fix samples for histopathology in 10x their volume of fixative (i.e. one part tissue to 10 parts fixative). Samples should be no more than 0.5-1.0 cm thick in two dimensions and thinner if fixed in Bouin's fixative.

Very small fish (those with an abdominal diameter < 0.5 cm) may be fixed whole after euthanasia by anaesthetic. Bouin's fixative is preferable to improve penetration of intact skin. Fixatives will not penetrate rapidly into slightly larger fish (those with > 0.5 cm abdominal diameter). The abdomen must be opened and an abdominal flap and gill cover removed, and preferably the swim bladder deflated to expose the kidney, before fixing whole. 

Fish larger than 5 cm length should not be fixed whole unless internal organs are well exposed. Sample selection should take gross findings into account. Select samples from any organ showing obvious lesions, plus a general range of organs to assess the severity of disease. For large lesions, select samples from the margin and the centre of the lesion.

General organs and tissues collected should include gills, skin, kidney, liver, spleen, heart and gut including the pancreas. Brain, muscle, eyes and spinal cord may also be included. (Brain and eyes are frequent sites for localisation of septicaemias.) Maintain sterility if microbiological samples are also to be taken.

3.  Sampling for Virology
Viral diseases of fish may cause devastating losses, particularly in very young animals or naïve populations, but may be carried as inapparent infections in recovered or older animals. Serology is unreliable as an indicator of such infections. Generalised signs of acute viral diseases differ little from those of bacterial septicaemias. The method of choice for diagnosis of fish viral diseases is virus isolation using fish cell lines. Other techniques, used alone or in combination with this, include histopathology, direct visualisation by electron microscopy, and increasingly, polymerase chain reaction (PCR) techniques. Some serological and enzyme-linked immunosorbent assay (ELISA) techniques may be available but these are generally used for confirmation of the identity of isolated viruses, rather than the detection of virus in the host or a host response. In Australia, fish virus isolation capability is available at the Fish Diseases Laboratory at the Australian Animal Health Laboratory (AAHL) and some state laboratories, which have the cell lines appropriate for endemic viruses.  Submission to the AAHL Fish Diseases Laboratory (AFDL) must be through State authorities. Sampling may be aimed either at diagnosis or surveillance for inapparent infections. 
The OIE states in the Manual of Diagnostic Tests for Aquatic Animals2 that, when testing for exclusion of a specific viral disease to verify health status:  
“A minimum number of ten moribund fish or ten fish exhibiting clinical signs of the diseases in question, must be collected: fish should be alive when collected and should be sent to the laboratory alive or killed and packed separately in sealed aseptic refrigerated containers or on ice. The freezing of collected fish must be strictly avoided. However, it is highly preferable and recommended to collect organ samples from the fish immediately after they have been selected at the fish production site and to store and process the samples as described in Sections 2 and 3. An identification label that includes information on the place and time of sampling must be attached to the sample.”
Although a diagnosis may sometimes be reached on fewer fish, a minimum of 10 fish should be sampled whenever possible. If fewer samples are taken initially, and a diagnosis not reached, additional samples are necessary to exclude a particular viral disease, as well as to improve the opportunity for diagnosis. 

Samples from Small Fish for Diagnostic Virology

Fish that are seriously affected, moribund or displaying aberrant behaviour should be sampled preferentially and sent alive, except when they are likely to die in transit. In such cases, send samples chilled on ice, provided they will reach the virology laboratory within 24 hours. Send suitable fixed material and a full history with the samples.
Samples from Large Fish for Diagnostic Virology

For large fish it is more practical to select tissue samples aseptically for virus isolation.

General Systemic Samples

Samples of 5 mm3 of liver, kidney and spleen, collected aseptically, have been traditionally collected for virus isolation, and are sufficient to detect most viruses, but heart and encephalon are now more generally included.5 Internal tissues may be pooled in sterile wide-mouthed containers. Take samples from affected, preferably moribund fish.

Other Organs

If you suspect the virus may be present in other organs, for example, in skin or gills, then it may be necessary to submit these also. Do not pool organs such as skin, gut and gills, which contain a high natural bacterial flora, with the internal organs. 

Pooling of Samples from Different Fish

For disease diagnosis it may be preferable not to pool tissues from different fish, as this may provide more relevant information about the outbreak. Pooling is the norm for routine samples collected for exclusion of subclinical infection in a population. The recommended maximum is five fish per pool, although up to 10 could be used for clinically ill fish.

Samples should be large enough to remain moist as drying reduces virus viability. The preferable size is about 0.5 cm3. Keep them chilled on ice and ensure samples reach the laboratory within 24 hours. Add transport medium if available.4 Ensure adequate laboratory notification to allow preparation of appropriate cell cultures. 

Samples for Surveillance and Certification of Freedom from Viruses

Selection of Number and Type of Sample

Firstly, determine the purpose of sampling, the number of samples to be submitted and the criteria for selection of the sample by reference to OIE guidelines2 and the Australian guidelines on the design and implementation of health testing protocols for fish6, or from the relevant overseas protocol (which may be available on the Australian Quarantine and Inspection Service ANIMEX data-base7), if certifying specifically for export. 

Fish are always certified on a population basis, rather than on an individual animal basis. This is often based on testing of a zone or closed population for 2 or more years, though a single batch test is sometimes accepted. Export protocols are set or negotiated by the importing countries. OIE provides a set of guidelines but their application varies and an importing country may set conditions outside of these guidelines. As certification on long-term population status means markets may only be identified during the test period, the above guidelines should be followed to facilitate acceptance of the test results for establishing zone or farm status. 
Note that most protocols indicate that samples should be skewed towards moribund or sick fish, if present.

Most international certification protocols are directed towards preventing the spread of viral diseases and require the lethal sampling of large numbers of fish to verify freedom of a population from these agents. As the numbers of fish involved makes submission of whole fish impractical for all but the smallest fish, techniques for rapid and reliable field sampling are necessary. Protocols specify that samples must be collected by or under the supervision of persons suitably qualified in fish diseases; that tissues are collected in a sterile manner; and that samples are kept chilled and processed onto specific cell lines within 48 hours (72 hours is allowed by some countries).

Most protocols allow for pooling of tissues from a number of fish, generally five, to reduce the number of laboratory samples. Pools of ten fish are generally allowed only for clinically ill fish, where the amount of virus is expected to be high. 

Rapid Techniques for Collection of Certification Samples

Sterilisation of instruments

For rapid and sterile collection in the field of samples from large numbers of fish for certification, instruments may be sterilised between samples within the same test lot by flaming after soaking briefly in 100% ethanol, which ensures sufficient combustion to ensure remaining tissue remnants are burned off effectively. Cool instruments before use to avoid inactivation of virus.

Use separate sets of instruments for opening the fish and for collection of tissues. To obtain adequate contact time for disinfection, more than one set of instruments for each purpose may be required. Instruments must be cleaned of residual blood and tissue before soaking in ethanol. Full cleaning and sterilisation by autoclaving must be done before re-using instruments on a different farm or lot of different health status. 

Small fish

The OIE recommends that small yolk sac fry be sampled whole if the yolk sac is removed. Whole viscera plus encephalon may be suitable for juveniles up to 6 cm total length. A piece of encephalon can be obtained after severing the head at the level of the rear edge of the operculum and pressing it laterally. Specific organs should be collected for fish greater than 6 cm. For sterile collection of viscera or organs, small fish can be pinned with hypodermic needles to disposable polystyrene boards, left side uppermost in groups of five. Instruments then only need be re-sterilised between pools of five fish, provided instruments are not contaminated by contact with gut contents or external surfaces during collection, and separate instruments are used for opening the abdominal cavity and collection of tissues. 

Expose abdominal organs with a single incision and ventral retraction of abdominal flap, as described above, to provide a sterile surface for handling tissues.

Large fish

Large fish, which may be of considerable market value, can be nailed to boards through head and tail if necessary, usually left side uppermost, and opened along the ventral midline and beside the left gills. The abdominal wall flap can be retracted by surgical skin forceps hooked over nails on the side of the boards.  By this method, liver, kidney and spleen samples can be collected from healthy fish with minimum economic loss due to damage to the carcase.  

4.  Sample Submission for Microbiology

Submission of Fish for Bacterial Sampling

While some serious specific bacterial pathogens of fish do occur, including some present in Australia, many bacterial diseases of aquatic animals involve microorganisms that are normal inhabitants of the aquatic environment. They cause disease only under the influence of changing environmental factors, such as temperature, pollution, poor water quality, management stress or diet. In contrast, the specific bacterial pathogens have the potential to produce devastating disease outbreaks and to spread independently of environmental stress. To better interpret microbial findings, it is important that details of clinical history and environmental conditions accompany specimens.

Submit several specimens from a range of clinically affected individuals, including early stages of disease as well as moribund specimens. Live specimens are ideal, but sick fish packed onto ice shortly after euthanasia may be suitable.

Specimens from dead fish are unsuitable as rapid invasion post mortem by saprophytic bacteria may mask the infection. Similarly, some moribund specimens may show invasion by secondary opportunists.

Options for Submission of Cultures  

If transit time to the laboratory is necessarily long (greater than eight hours), the major organs and affected lesions can be sampled, and culture plates and smears submitted for identification. Always submit smears in duplicate to allow for Gram and special stains.  Ensure smears are thoroughly dry and packed away from moisture and fixative fumes. Fixed material and chilled fish or tissues should also be sent for examination. 

Specialised media are used for many fish pathogens (see Table 1). If these are not available, routine culture onto standard blood agar plates is suitable for many pathogens. Take care to ensure that samples are collected aseptically and are not contaminated by potentially faster growing saprophytes or terminal opportunist pathogens. Cultures from either kidney or spleen are suitable where septicaemia is suspected.

Table 1.  Commonly used media for freshwater or marine fish

	Freshwater fish



	Investigation
	Sample site
	Medium
	Likely bacteria



	Septicaemia
	Kidney or spleen
	Sheep blood agar
	Aeromonads

Pseudomonads

Enterobacteriaceae

Gram positive cocci & rods

Fast growing mycobacteria

	Erosions
	Skin and fins
	Anacker & Ordal
	Flavobacteria

	Necrosis
	Gills
	Anacker & Ordal
	Flavobacteria


	Marine fish



	Investigation
	Sample site
	Medium
	Likely bacteria



	Septicaemia
	Kidney or spleen
	Sheep blood agar
	Vibrionaceae

Enterobacteriaceae

Fast growing mycobacteria

	
	
	TCBS agar
	Vibrionaceae

	Erosions
	Skin and fins
	Marine Shieh's agar
	Tenacibaculum maritimum

Marine flavobacteria

	
	Skin
	Sheep blood agar with 1.5% NaCl

TCBS
	Halophilic Vibrios

	Necrosis
	Gills
	Marine Shieh's agar
	Tenacibaculum maritimum

Marine flavobacteria




TCBS: thiosulphate citrate bile sucrose; available commercially.

See appendix for formulations of Anacker and Ordal's agar and marine Shieh's agar 

Other specialised media for fish pathogens can be found in Austin and Austin8, Buller9, and Whitman10.

Culture of samples for fungi requires the use of specialised media such as glucose peptone agar for freshwater saprolegnias11 or marine peptone yeast extract with antibiotics for marine oomycetes.12 Send fixed sections for microscopic examination with fresh specimens.

Collection and submission of samples on dry swabs or in transport medium is not recommended since there is little information on the viability of organisms collected this way. Dry swabs as a means of conveniently collecting samples for plating within an hour is acceptable if direct plating is logistically too difficult, which can often be the case in field situations.

Site Selection for Bacterial Cultures

 Spleen

The spleen removes particulate matter from blood, and is a major lymphoid and haematopoietic organ. As such, it is a good site to sample in order to isolate bacteria causing septicaemia. As the spleen is often contaminated during dissection of the fish unless care is taken in exposing the viscera, samples for isolation of bacteria should be collected before completion of the necropsy. 

 Kidney

The kidney is an elongated dark organ lying adjacent to the dorsal peritoneum, covered ventrally by the swim bladder. (Figure 2) The swim bladder can be grasped with forceps and peeled back to leave an uncontaminated kidney surface. The swim bladder also increases the separation of this organ from post mortem spread of gut flora.

 Heart

The heart is not always a very suitable organ for blood collection because of its relatively small size and because the loose spongy muscle virtually fills the lumen, making withdrawal of blood difficult. Despite this, the heart can be a good site to isolate bacteria, especially the atrium where the endocardium contains many phagocytic cells. The heart can be removed to enable the atrium to be cut open with scissors and blood sampled with a loop, or the cut atrium of small fish dabbed directly onto the plate. The location of the heart close to the gills means that accidental contamination after death can occur more rapidly than with the deeper organs, so sampling shortly after death and with aseptic exposure is important. 

 Brain

The brain may be a suitable organ for routine culture where culture from dead fish is the only option. This site is relatively protected from invasion post mortem. Some infections may persist in the brain for longer than in other tissues. 

Techniques for Microbial Sampling of Fish

 General Internal Organ Culture

Surface disinfection is necessary where contamination of samples by bacteria in the water and on the skin of internal organs during dissection is likely. The fish should be de-scaled over the abdominal wall to be removed and rostrally on the ventral surface to include the isthmus.  The surface of the fish is flooded with 80% ethanol and left until the surface clouds.  Opening the abdomen and exposing the viscera and heart should follow aseptic methods with regular immersion of instruments in alcohol and flaming.

An alternative method for fish smaller than 10‑15 g with excess surface mucus is to wrap briefly in disposable isopropyl alcohol‑impregnated wipes to reduce the level of surface contamination during exposure of internal organs while avoiding leakage of excess alcohol into tissues. 

For large fish where surface contamination of internal organs can be avoided, surface disinfection prior to the collection of samples from internal organs is generally unnecessary. Laying the fish on an absorbent paper towel is usually sufficient to absorb excess surface moisture. 

Expose the viscera as described above. With sterile forceps and fine needlepoint scissors, remove the spleen, liver or any other organ with lesions. Place organs in sterile petri dishes prior to culture.

Kidney 

For kidney samples carefully displace the gastrointestinal tract to expose the swim bladder and underlying kidney. Peel the swim bladder away from the kidney with sterile forceps. Collect kidney / blood from the anterior portion of the kidney with a sterile glass pipette or loop. Fine glass pipettes are preferable for very small fish where the kidney may not be large enough to cover the loop, resulting in a smaller sample volume, but these may not be practical in the field. 

Brain

Sampling of the brain, where required, is relatively straightforward but needs close attention to aseptic procedures.

Expose the brain as described above. Expose the cut sections of the brain by tilting the head forward; remove portions of the brain by aspirating with a truncated Pasteur pipette with an orifice diameter of 2‑3 mm.

External Sites

Sample exposed, ulcerative lesions, cutaneous erosion or fin rot by scraping the site with a sterile scalpel blade. Obtain samples from the centre as well as the advancing edge of the infected area. The collected material is used for inoculating culture media. Make thin smears from a portion of the sample for Gram staining.

Enclosed External Lesions

Lightly scrape the skin surface over the lesion to remove the non-sterile mucus and then cut open with a sterile scalpel. Avoid searing as this may affect viability of bacteria in adjacent lesions. Material for culture and smears can be collected by Pasteur pipette. Smears must be thin, especially those containing blood.

Selection of Samples for Fungal Diseases

Internal Fungal Infection

Standard samples used for bacteriology are usually adequate for internal fungal infection. Samples should include whole fish, or tissue samples collected aseptically plus smears and fixed tissues.

External Fungal Infection

Identification of external fungal infection can be difficult due to the often rapid overgrowth of post mortem or secondary fungal invaders, artefactual 1oss of superficial fungi and damaged skin, and the poor survival of some fungi with drying. Sick live fish are the preferred sample. 

Microscopic examination of superficial fungi is important in assessing the significance as these can be either post mortem invaders, secondary and of little significance, significant secondary pathogens of damaged skin, or deeply invasive and irritant evoking a marked response. Histological examination to determine the pathology is important specifically for diagnosis of or differentiation from the OIE-listed disease epizootic ulcerative syndrome (EUS), caused by the fungus Aphanomyces invadans (syn. A piscicida), which elicits a deep granulomatous response. Diagnosis of EUS is based on the clinical signs and confirmed by histopathology,2 as culture of this fungus requires specialised media for reliable culture and may be rapidly overgrown by ubiquitous fungi that are commonly present on affected skin surfaces. Thus unless whole live affected or moribund fish are submitted, fixed tissues, including affected skin with the leading edge of the lesion and underlying muscle, must be submitted from cases of suspected EUS. 

Where confirmation of A invadans is required, culture can be attempted on glucose peptone media, and/or PCR techniques used.3 To avoid overgrowth by surface contaminants, either whole fish need to be submitted, or samples for culture collected aseptically excising a piece of underlying muscle (approximately 2 mm3), after searing the surface with a red-hot spatula to sterilise it. PCR tests are currently not recommended as a definitive test, except for confirmation of the identity of a pure fungus isolate.3 

To identify that fungi from superficial surface infections are not A invadans but, for example, the common Saprolegnia sp, affected fish or skin can be submitted in water if fish cannot be submitted alive. Submit affected skin in water (preferably sterile water) at ambient temperature for culture and identification of fruiting bodies. As this may evoke rapid fungal multiplication, additional routine bacteriology and samples for microscopic examination are essential. Smears should also be submitted.

5.  Sampling for PCR Tests

PCR tests are becoming increasingly available as an alternative to culture for detection and identification of fish pathogens. Their availability is particularly valuable for survey purposes, compensating somewhat for the unreliability of serology as a test for detection of prior infection in fish. The principles and constraints of fish sample selection for PCR is as for other animals. Unless sent as whole fish, selected tissues should be sampled into new containers (glass or plastic samples bag), to prevent cross-contamination. Ideally, samples should be sent fresh, but if long transit time is expected then they can be held frozen at -80oC or fixed in 90-95% alcohol or other nucleic acid stabiliser such as RNAlater if available. The latter is an aqueous non-toxic storage reagent that stabilises and protects cellular RNA in intact unfrozen tissue and cell samples. It eliminates the need to immediately process samples or to freeze for later processing. Tissue or cells are placed into 5X the volume of RNA later and can be stored indefinitely at -20°C (the tissue does not freeze), at 4°C for up to a month or at 25°C for up to a week. Formalin fixation (10% buffered formalin fixatives, Davidson’s fixative) may be adequate for some PCR tests, but over-fixation (longer than 48 h) must be avoided. Note that fixation with Davidson’s fixative, which is generally preferred to simple 10% formalin-based fixation for PCR tests, the fixation time for histopathology examination is also limited (ideally to 24-48 h).  Fixed samples should be small (no more than 0.5 cm thick), to allow rapid penetration of fixative. Fixed tissues are most useful for retrospective tests. 

The sensitivity of the test will determine the maximum number of organs or fish that can be pooled for testing. However OIE recommends normally limiting pools to tissues from 5 fish. 

6.  Parasitology Samples

Selection of Samples for Parasitology Examination.

Most parasites will be retained if affected fish are submitted live. Larger parasites will still be identifiable, and often alive, if whole fish or affected portions are rapidly submitted chilled (not frozen).

Even with fish submitted live, protozoa may occasionally be lost during transport, especially where the temperature is lowered by the addition of ice to the container. (An example is Chilodonella, for which lowering the temperature is a recommended treatment.) Such cases illustrate the need to send fixed tissue and smears, especially of gills. Gill samples can be clipped from one side of euthanased fish, without destroying the gross appearance of the rest of the gill (see above). 

Most anaesthetics cause ectoparasites to drop off host fish, as does early autolysis, so samples of affected gill, skin and fins should be fixed as soon as possible after euthanasia.

Fixed material should include any affected tissue, including parasites in situ if sufficient examples (preferably in situ unless prepared as below), smears of gills, blood and suspected parasitic lesions. 

Preservation of Parasites

 Protozoa 

Permanent preparations of protozoa can usually be made by smearing affected material, for example gills or skin scrapings, thinly over a microscope slide. If specimens fail to adhere, fresh egg‑white emulsified in a little distilled water and applied to the microscope slide will help. Let the specimen sit 5‑10 min before fixing. Schaudinn's fixative (see below) is most commonly used but Bouin's fluid may also be used. Submerge slides in fixative for 10 min before transferring to 70% ethanol where they may be stored indefinitely. 

Blood parasites can be preserved for identification by preparing a thin blood film on a clean microscope slide. This film should be rapidly air dried and fixed in absolute methanol for 5 min.

Trematodes 

Monogenean flukes from skin or gills should be killed in hot (but not boiling) sea water (for marine fish) or hot tap water (for freshwater fish). They should then be fixed in buffered neutral formalin. 

Adults of the larger digenean flukes from the gut should be killed in near-boiling saline and then fixed in buffered neutral formalin. Adult and intermediate stages of digenean flukes that are encysted in tissues should be fixed in buffered neutral formalin. 

AFA fixative has also been used for trematodes, after relaxation in tap water, but may dissolve some hard structures that are useful in identification of these parasites. 

Cestodes

Clean cestodes in 0.8% saline and then relax them by placing them in tap water.  Cestodes are fixed by quickly adding several times as much AFA to the relaxed specimens as the water in which they are still being swirled. Remove the cestodes after about 10 min and place in 70% ethanol. If the cestodes are to be sectioned, 10% formalin is the preferred fixative. The tentacles in the scolex, if present, can be extruded either with distilled water or by coverslip pressure. Occasionally the tentacles extrude themselves in hot fixatives. Larvae must be removed from cysts before fixing.

Nematodes 

One method for fixing nematodes is to place them in concentrated glacial acetic acid for 5‑10 min, drop into 70% ethanol heated in a water bath to 60oC and allow to cool. This method will cause most nematodes to straighten. Davidson’s fixative is less hazardous than glacial acetic acid and if used at room temperature will cause most nematodes to straighten as they fix, which is important to facilitate identification. Alternatively use cold ethanol or 10% neutral buffered formalin for large nematodes since hot fixatives can cause blistering of the cuticle. Remove larval nematodes from cysts if present, before fixing. Store nematodes in 70% ethanol plus 5% glycerol.

Acanthocephalans 

The proboscis, an important taxonomic character, can usually be made to protrude by placing the specimen in distilled water. Use care so that worm does not become damaged because of excessive swelling. Occasionally some coverslip pressure is necessary to protrude the proboscis. Fix with AFA or neutral buffered formalin and store in 70% ethanol plus 5% glycerol. 

Dead Worms

Fix dead worms directly in 10% formalin fixatives.

Copepods, Isopods and Other Crustaceans 

Place directly into 70% ethanol, or 70% ethanol plus 5% glycerol. Parasites may be left attached to gill filaments.

7.  Tissue Samples for Toxicology

Tissue Chemistry

Many organic toxicants can only be measured in tissues with difficulty when at levels commonly found in tissues, even when present in the surrounding water at high levels. Chemical analysis for water‑borne toxins is therefore preferably carried out on water. Similarly, toxins from feed are best measured in samples of feed, rather than fish tissues. It is often useful, legally, if the presence of toxicants can be confirmed in fish tissues, on gills, or in stomach contents, as well as water or feed. Conversely, tissue residues may also remain after waterborne toxicants have dispersed. Tissue analysis is more suitable for metals and other cumulative toxicants, which are by nature stable, or to indicate nutritional deficiencies. Because of the variety of possible toxins, a complete history is essential in determining which likely toxins should be assayed.  For this reason, it is preferable to submit whole fish for chemical analysis (along with appropriate water and related samples), even for large fish. 

Samples for chemical analysis can be frozen. This is essential for tests of labile substances. For metals and other elements, whole fish on ice are suitable if submitted fresh. With unknown suspected toxins, it is safer to retain and freeze some additional fish. Plastic bags are unsuitable containers for specimens for analysis of many pesticides and other organo-chemicals. 

Tissue Enzymes

As well as analytical chemistry for simple elements and organic or inorganic toxicants, there is considerable information on the use of tissue enzyme induction as a measure of toxicant effects on fish.13 Tests measuring the levels of such enzymes are useful for toxicological studies of specific populations but are rarely available and of limited use for routine diagnosis as most are technically demanding and levels are either very variable between populations or have not been established. Many also require rapid freezing to at least –20oC. General samples of frozen or fresh whole fish may be unsuitable. 

The most commonly measured tissue enzymes for toxicological studies (excluding those requiring rapid capture and tissue freezing) are:

(a) Mixed function oxidases, mainly of the liver, but also the kidney, are induced by a range of organic pesticides, aromatic compounds produced by the plastics industry, untreated pulp mill wastes and petroleum pollutants. Samples must be rapidly frozen, preferably in liquid nitrogen. Samples from spawning female fish are unsuitable. 

(b) Metallothionein and ceruloplasmin levels are indicators of exposure to excess metals such as copper, zinc, cadmium and mercury. Metallothionein is widely distributed in liver, kidney, intestine and gills. Ceruloplasmin is found in blood. Assays can be carried out on frozen samples.

(c) Cholinesterases reflect recent exposure to organophosphates. Brain levels are the most sensitive and can be measured on samples rapidly frozen to ‑20ºC.

(d)
Erythrocyte aminolevulinic acid dehydratase reflects lead exposure, and is an alternative to lead measurements when available. Blood samples should be heparinised, chilled and analysed within 24 hours, or frozen in liquid nitrogen.

8.  Blood Samples

Blood samples from fish are less commonly used as diagnostic samples than from other vertebrates. They are routinely used for accurate measurement of salt balance in the larger fishes. Data on fish haematology and blood enzymology are increasing. An exhaustive bibliography was compiled by Hawkins and Mawdesley‑Thomas in 1972.14 Salmon Enterprises of Tasmania Research Division have collated data on haematology and blood chemistry of salmonids.15 Normal haematology of other fish species has been studied in detail in one New Zealand study, and a summary of the blood cells characteristics of over 100 species of fish published.16 
Haematology examinations

Haematology has some limitations as an indicator of disease in fish because: 

a) Blood counts, other than total cell count, cannot be automated due to the nucleated erythrocytes and nucleated thrombocytes (platelet equivalent).

b) For many species only relatively small volumes are readily collected. 

c) As fish blood is poikilothermic, blood cell enzymes operate over a larger temperature range. Thus removal of blood from the host does not result in the marked slowing of enzymatic activity seen with mammalian blood, even if the samples are held on ice (though this will reduce enzyme activity). Consequently fish blood cells continue to be active, both enzymatically and osmotically, which may result in large changes during transport of mean erythrocyte volume and packed cell volume. 

d) Blood leucocyte morphology varies widely between species, and granulocytes often stain poorly.16 

e) Blood leucocyte responses to disease are often relatively slow, but may be altered rapidly by stress during collection.

Where microhaematocrit analysis can be carried out soon after collection, packed red cell volume and microleucocrit measurement are useful. The leucocrit is the packed white cell volume, read from a microhaematocrit tube under a dissecting microscope to give greater accuracy. The packed white cell volume is rarely more than 1–2% in normal fish. Total cell counts may also be useful.

Where blood cannot be analysed immediately, the most useful haematological factors for assessment of the health of fish are haemoglobin for red cell status and microscopic examination of air‑dried blood films. 

Clinical Chemistry and Enzymology of Blood

Some routine clinical pathology tests have been assessed for cultured fish species, especially salmonids, using standard automated methods. However, with standard methods the conditions of analysis, especially temperature, are rarely adjusted for the optimal activity of fish enzymes. There is generally a need to establish normal values for the fish under test conditions.

Useful Clinical Chemistry Tests

Tests that have been assessed as useful in fish have been summarised previously.13,15. They include total serum albumin and globulin, creatinine, osmotic fragility, simple hormones such as thyroxine, glutathione peroxidase (GSHPx) as an indicator of selenium status, sorbitol dehydrogenase (SoDH) as an indicator of acute hepatosis, alanine aminotransferase (ALAT, ALT) from liver, aspartate aminotransferase (ASAT, GOT) from liver and muscle, and alkaline phosphatase. These are rarely used for routine diagnosis and are more likely to be used for monitoring of the effects of non-lethal endemic disease, nutritional status, or toxin exposure. 

Clinical Chemistry Tests of Little Value

Tests of little value include tests such as creatinine kinase from muscle and the steroid hormones such as cortisol, which can be measured easily but rise so rapidly during blood collection to be of no practical use. Blood triglycerides, cholesterol, glucose, lactate and bilirubin can also be measured, but the normal values are too variable for these to be of general use.

Nutritional Factors 

Nutritional factors such as vitamins E or C may be assessed on blood by standard methods.

Osmotic and Electrolyte Status

Osmotic and electrolyte status may be monitored. This is often routinely monitored in anadromous fish (fish that move between freshwater and seawater during their life cycle) moving to new salinity environments. Blood sodium, chloride and other ions are monitored using plasma (although serum values are similar) to assess the success of adaptation to the change. Direct measurement by osmometers may also be used. 

Serology

Serological tests are available for few fish pathogens. They are seldom used for diagnosis of current disease, as the immunological response may develop slowly. They may sometimes be used to indicate prior infection or freedom from disease of a population. Only pathogen isolation or other direct methods are to be used for definitive diagnosis or freedom from infection.

Techniques for Blood Collection

Fish for blood sampling for haematology and enzymology must not be alarmed or stressed during collection; this necessitates the use of rapid anaesthesia (see Appendix). Stunning may be used for more stable blood tests.

Sample Sites for Blood Collection 

Blood samples from larger fish can be collected from the caudal vessel, by insertion of a fine needle from the ventral midline behind the anal fin until the spine can be felt, and withdrawing the needle slightly before collection.

Blood can also be collected from the heart. For blood enzymology in sacrificed fish, blood is best collected from the exposed heart, immediately after the fish has been killed by anaesthetic overdose. The major vessels supplying the gills are another suitable site that is readily visible during life in large fish.

In very small fish, tail truncation will provide sufficient blood for smears.

Anticoagulants

Various anticoagulants have been used in fish including various oxalate salts, sodium citrate (trisodium citrate dihydrate C6H507Na3.2H20), potassium EDTA (dipotassium ethylenediaminetetra-acetic acid) and salts of heparin, generally at levels comparable to those used for mammals. Heparin at 4 mg/mL of blood had the least effect on blood parameters.17 Potassium EDTA at 0.5 mg/mL has also been used but is not currently recommended as it may cause errors in haematocrit estimations.

Serum

Serum should be separated by allowing the chilled blood to coagulate at 4ºC for one to two hours followed by centrifugation at 3000‑6000 x g for 5‑15 min.

9.  Samples of Water for Analysis

Detailed guidelines and Australian standards for water quality and water analysis are available on-line.18 Wherever possible, contact the testing laboratory before sampling to obtain specific instructions as methodology is changing and will vary between laboratories. The laboratory may provide prepared sample containers. 

Containers, Preparation and Storage of Water Samples

Different types of sample containers and volumes are required for the determination of different water parameters because some samples will interact with certain container materials or because there are specific preparations or storage requirements. Select sample containers according to Table 2 (Appendix).
Container Materials 

Sample containers are generally either glass or plastic such as polyethylene. The latter includes many plastic bags that can be used new for general water samples (those that do not require a specific pre-use wash), particularly for quite large samples. Bags, like glass, have limited suitability for freezing, which, with care to avoid breakage, would extend the holding period for some tests. 

Preparation of Containers

Four methods of preparing containers before the addition of samples are: 

(a) general wash with deionised water for measurement of total dissolved solids (TDS), total suspended solids (TSS), dissolved oxygen, pH, biological oxygen demand (BOD), and algae;

(b) an acid wash for heavy metal measurements;

(c) an organic solvent wash, such as a hexane wash, for measurement of hydrocarbons and pesticides; and

(d) sterilisation for microbiological sampling containers.

Procedure for Sampling Water 

It is good sampling procedure to rinse out the container with the water being sampled. This acts as an additional rinse and minimises any contamination of the inside of the container that may have occurred between washing and sampling. Rinsing of the sampling container is not applicable to bacteriological sampling, because of the need to maintain sterility, or sampling for other substances such as hydrocarbons and pesticides that tend to adhere to the container.

Fill most containers to overflowing, or in the case of plastic bags, squeeze to exclude air before sealing. Containers to be frozen (not glass) should have some air space.

Preservation

Protect samples from excess heat. Crushed ice or ice bricks are often used as a coolant, but dry ice must be used for those samples required to be frozen.

Protect samples from light for oxygen analysis, BOD and pesticide analysis, by the use of brown bottles and / or cover with aluminium foil or other opaque material.

If preservatives are added, these should be of analytical grade and the amount used indicated on the container. Generally, samples for metal analysis should be acidified with 1 mL concentrated analytical nitric acid (HNO3) per 500 mL. (For some laboratories this may need to be omitted if arsenic, selenium, or antimony are to be analysed using the hydride generation method. Check with the laboratory first if the samples are to be analysed for these metals.) Nitric acid should also be omitted in the field if measurement of dissolved metals rather than total metals is required. If the sample cannot be promptly delivered to the laboratory, filter a sub-sample on site using a 0.45(m filter, and then acidify. Care must be taken to avoid contamination: e.g. smokers should not be sampling for ammonia. 

Samples for algae may need fixation if examination is delayed.

Collection of Water Samples for Chemical Analysis

Oxygen and pH 

Oxygen and pH are best measured in situ (with probes), or as soon as possible after collection (preferably before leaving the site), as in most situations, levels will change during storage and transport. If laboratory analysis is required, collect at least 300 mL of water in clean glass containers (general wash preparation), which must be completely filled, closely stoppered, covered with aluminium foil or other material to exclude light and submitted as soon as possible.

Total Dissolved Solids, Total Suspended Solids and Biological Oxygen Demand

For total dissolved solids, total suspended solids and BOD, the above sample is also suitable though, of these, only BOD requires covered glass containers. Polyethylene containers and plastic bags are suitable otherwise.

Ammonium, Nitrate and Nitrite

Ammonium, nitrate and nitrite are labile ions and must be analysed rapidly or samples frozen as soon as possible after filtration. Samples that cannot be submitted within a few hours should be filtered (0.45 (m) then frozen to reduce the loss of ammonia and changes in nitrate / nitrite concentrations. Plain blood collection tubes are suitable containers for freezing. Two 10 mL tubes will provide enough samples for all three tests. Do not fill completely; leave space for expansion during freezing.

Heavy Metals 

Heavy metal analysis requires acidified samples for storage.

Pesticides and Other Hydrocarbons 

For pesticides and other hydrocarbons, use solvent washed bottles (e.g. with hexane or other suitable solvent).

Collection of Water Samples for Bacteriological Analysis

Sterile glass bottles of at least 200 mL must be used. Bottles should be fitted with either ground glass stoppers or screw caps that must be watertight and suitable for sterilisation. Use extreme care not to contaminate the water to be sampled before or during sampling. Bottles should be stored at 4oC and be analysed within 24 hours.

Collection of Water Samples for Microalgal Analysis

Algal blooms of any species can result in water oxygen depletion, both through algal respiration especially at night, and through bacterial activity during the decay of the bloom. In addition some species produce toxins that may either destroy cell membranes resulting in loss of gill epithelial cells and haemolysis, or have hepatotoxic or neurotoxic effects. Other algae cause mechanical damage to the gills. Hence, where algal blooms are a suspected or possible cause of fish deaths, samples of fish or fish tissues should accompany water samples.

Sampling for algae can be either quantitative or qualitative. As algal blooms tend to concentrate at different depths in the water, samples for either method should include water collected from different depths. For qualitative sampling, this is usually achieved by straining through a monofilament nylon cone net with mesh spacings of 20 (m that is dragged through the water column from bottom to top. Retained organisms are collected in a small (100 mL) container at the end of the cone.19
Quantitative samples can be collected in water bottles of at least 1 L. Collections at different depths can be carried out by divers, or by lowering a narrow necked, weighted, corked wine bottle on a wire to the required depth and removing the cork with a separate wire previously attached to the cork. Commercial samplers are also available.19 

Where blooms are visible, sample within the bloom and record bloom depth and temperature. 

Measure oxygen levels on site if possible. Examine microalgae shortly after collection, while they are living. If this is not possible, preserve samples for submission. For most species, 3% phosphate-buffered glutaraldehyde is recommended. If this is not available, any standard buffered formaldehyde can be added to give a final concentration of 2% formaldehyde. Lugol's iodine fixative is often suitable (see Appendix), although this may over-stain some algal cells.18  Lugol's iodine is added until the water is the colour of weak tea.

Dissolve potassium iodide in the distilled water before adding the crystalline iodine.  Add the glacial acetic acid when the iodine is dissolved.

10.  Collection of History to Accompany Samples

History from Cultured Fish

History to accompany submissions for disease diagnosis from cultured fish should include the following points:

(a)
Submitter’s and owner’s name and address.

(b)
Affected population data including location, species, size, age, source and time since introduction. For less common species, include known environmental requirements. A list of any species present but unaffected should be included.

(c)
Data on the disease, including the morbidity and mortality rates, the duration, clinical signs of disease, the behaviour of live affected fish, any abnormalities found at necropsy and whether similar problems have occurred previously, and if so whether they were treated successfully or not.

 (d)
The type of containment (e.g. tank, dam, lake or aquarium) and the time since establishment; any recent introductions; and any recent alterations or failures of water filtration or supply.

(e) Water and environmental data including water source, salinity, flow, temperature, any known data on pH and oxygen levels, the presence of algae or pollutants, and recent weather patterns such as storms, lightning, heat waves, or recent heavy rain.

(f) Management data such as stocking rate, type of food, any medications or vaccinations used, any recent management changes, and stress factors present such as maturation, transport, acclimatisation to altered salinity, grading or sorting.

(g) Details of specimens submitted and analyses requested, including date and manner of collection.

History from Wild Fish Kills

With sudden deaths in wild fish it may be difficult initially to determine whether environmental factors, infectious disease or toxicity is the cause. Consequently, submit both fish samples and a variety of water samples.2 The accompanying history is usually critical to determining appropriate laboratory analysis.  

Note that all relevant authorities such as primary industries and/or fisheries authorities, local government councils and environmental authorities must be informed. 

The following is a history checklist for fish kills of unknown cause:
(a) Fish data should include the number and type of species involved; estimated numbers of fish dead, numbers distressed; the size range of affected fish; and the area covered over which they are distributed. Describe the range of decomposition changes seen and an estimate of the time of death (if uniform), or duration of deaths if on-going. Describe the behaviour of distressed fish. 

(b) Note whether other aquatic animals are also affected. If they are present at, above or below the fish kill site. 

(c) Water data should include a description of the type of waterway, the width, depth, tide or water level, colour, temperature, and clarity of water, and a description of aquatic plants. 

(d) Environmental data should include a description of the land use in the area, and the presence of any effluent or discharge. The latter should be described in detail, sampled, and preferably photographed along with more general photographs. 

(e) Weather conditions should also be described.

11.  Appendix – Preparation of Materials

I: Preparation of Anaesthetics for Euthanasia. 

The following anaesthetic agents may be used to tranquillise fish before handling, transport, or for euthanasia and for blood collection. They should be used where possible both for the welfare of the fish and to prevent stress‑induced physiological alterations, such as elevated haematocrit. Registration or Minor Use Permits have been obtained for the use of AQUI-Sand benzocaine as anaesthetics in some aquatic species, and are used off-label in other species. Other neurosteroidal veterinary products that have been used for anaesthesia in non-food fish species may be available to veterinarians for anaesthesia of non food-producing fish, or for euthanasia.20 
AQUI-S( 

AQUI-S( (AQUI-S New Zealand Ltd) is a water-dispersible liquid anaesthetic containing isoeugenol (derived from clove oil), which is registered in Australia for with a nil withholding period, salmonids and used off-label for other fin fish, crustacea and shellfish,. It can be mixed directly with water to form a stock solution, which is then dispersed in the water column. Most applications require a concentration of between 15 and 20 mg/L in an immersion bath to achieve anaesthesia within 10-15 min. Lower doses can be used for light sedation, higher doses for a more rapid response (2-5 min). Response to the anaesthetic depends on the species, the age, level of fatigue and condition of the animals, and environmental factors. Fish have a fast recovery from AQUI-S( and generally do not demonstrate struggling or avoidance reaction with AQUI-S( at 20 mg/L. AQUI-S( has a wide margin of safety as an anaesthetic, and is therefore suitable for collection of samples such as blood from live fish, but is generally unsuitable for euthanasia when used alone. It is used to induce anaesthesia so that euthanasia may be carried out humanely.  

Further information is available from the product web-site.21 
Benzocaine 

Benzocaine is used as an anaesthetic bath but has a low solubility in water. 

Dissolve 0.2‑0.8 g benzocaine in 5 mL acetone (CH3COCH3), ethanol or methanol, and add while agitating to 8 L of water (25‑100 mg/L). Higher doses may be required for euthanasia of some species, especially in cyprinids. Induction time is-1-3 min, recovery time 3‑15 min. A stock solution of 50g benzocaine in 500 mL 95% ethanol can be prepared and held in a dark bottle. A dose of 10 mL stock solution per litre of water is lethal in 2-10 minutes."

Carbon dioxide 

Narcosis to enable humane euthanasia may be induced by carbon dioxide, as a gas applied either directly or bubbled through the water, or for small volumes by effervescent tablets, such as Alka-Seltzer®, which release carbon dioxide. Two to four Alka-Seltzer( tablets for each 500 mL of water is effective.20
Other anaesthetics for euthanasia 

Alphaxalone / Alphadolone neurosteroids 

Neurosteroidal veterinary products containing a mixture of two neurosteroids, alphaxalone and alphadolone, have been advocated for anaesthesia in fish and may be suitable for euthanasia.19 However, as they are best used as injectable anaesthetics for surgical procedures after induction with benzocaine, but this would have limited use for sample selection as benzocaine alone would suffice. 

Alphaxalone 10 mg/mL (currently available as Alfaxan-Cd RTU ® Jurox Pty Ltd), has been found suitable for addition to water for anaesthesia or euthanasia, as a bath at concentrations of 1.5 – 4.0 mg/L for anaesthesia, depending on fish species.20 Surgical anaesthesia may be achieved in less than 5 min. 

Quinaldine (2 Methylquinone)

A concentration of 12‑20 mg/L is a suitable for anaesthesia; 50 mg/L is lethal within 5‑10 min.

II. Fixatives for histopathology

Bouin's Fixative

Picric acid [(O2N) 3C6H2O8] sat. Aq. sol.   75 mL

Formalin (40% w/v commercial soln) 
25 mL

Glacial acetic acid (CH3CO2H)                  5 mL

Davidson's Fixative

95% ethanol (C2H5OH)                        30 parts

Formalin (40% w/v commercial soln)  20 parts

Glacial acetic acid (CH3CO2H)           10 parts    

Water                                                    30 parts       

Seawater should be substituted for fresh water for the preservation of marine parasites on tissues. 

III. Culture media for aquatic bacteria 

 Anacker and Ordal's medium22
Tryptone (Oxoid)
                  
  
0.5 g

Yeast Extract

    
       
0.5 g

Sodium Acetate (CH3CO2Na)       
0.2 g 

Beef extract


       
0.2 g

Agar



     

11.0 g

Distilled water



1 L

pH



         

7.2

Autoclave at 121ºC for 15 min. A selective version of the medium for Flavobacterium columnare can be made by the addition of 5 µg/mL neomycin and 200 U/mL of polymyxin B.23
Marine Shieh's Agar

A marine version of the medium is made by the addition of seawater and the omission of trace elements used in the original formulation for the isolation of Flavobacterium columnare.24
Peptone (Oxoid L37)
5.0 g

Sodium acetate
0.01 g

Sodium pyruvate
0.1 g

Citric acid
0.01 g

Yeast extract
0.5 g

Seawater
900 mL

Distilled water
100 m:

Agar
12.0 g

pH
7.5-7.8

Autoclave at 121°C for 15 min. A selective version of the medium for Tenacibaculum maritimum can be made by the addition of 4 µg/mL of neomycin.25
IV. Common Fixatives for Parasites 

Schaudinn's fixative

Mercuric chloride (HgC12) sat. aq. sol. 200 mL

Ethanol 95% (C2H5OH)

100 mL

Glacial acetic acid (CH3CO2H)

 15 mL


(add just before use) 

AFA fixative

Ethanol 95% (C2H5OH)


50 mL

Formalin (commercial soln. 40% w /v)


10 mL

Glacial acetic acid (CH3C02H)


 5 mL

Distilled water
                               
45 mL

V. Fixatives for algae

Lugol's Iodine Fixative 

Potassium iodide (KI)                   
 100 g

Distilled water                         
1000 mL

Crystalline iodine (I2)                  
  50 g

Glacial acetic acid                           100 mL

VI. Requirements for water samples 

Table 2.  Sampling containers, preservation procedures and maximum holding periods for selected chemical parameters of water (adapted from Gudkovs 1985). 26
	Parameter
	Sample container
	Volume (mL) required


	Preservation procedure
	Maximum holding period


Ammonium      
Polyethylene                 
10-100           
Freeze             

24 hours

BOD                
Glass
 

300-500
Store at 4ºC        

6 hours

Calcium            
Polyethylene     

100
None

7 days

Magnesium      
Polyethylene      

100
None

7 days

Nitrate              
Polyethylene     

10-100
Freeze

7 days

Nitrite               
Polyethylene     

10-100
Freeze

7 days

Metals



250-500 (all metals)

Aluminium
Polyethylene     

250-500
Acidify with

30 days

Cadmium

Polyethylene     

250-500
 1 mL conc.

Chromium
Polyethylene      

250-500
 analytical


Copper

Polyethylene      

250-500
 HNO3 

Iron

Polyethylene      

250-500



            Lead

Polyethylene      

250-500

Manganese     
Polyethylene      

250-500

Zinc
 
Polyethylene       

250-500

Oxygen
 
Glass
 
               
300
Preferably


   

    


analyse in situ or on site

pH
 

Polyethylene    

100
 Preferably





 


analyse in situ or on site

TSS

Polyethylene     

500
 None

24 hours

TDS
Polyethylene     


500
 Store at 4ºC         

24 hours

Pesticides

Polyethylene     

1000
 Fill totally            

24 hours

Other organo-  
Glass or teflon-


chemicals
 
stoppered glass;




Solvent washed


   

(No plastics)

Solids

dissolved
 

Glass or plastic
       

500
Fill totally

24 hours

suspended,

 

settleable)

Cyanides
 

Glass or plastic 

100

Add 0.2 mL                 24 hours




  





10 M NaOH

Algae


Glass or plastic    

100
Fresh chilled         

24 hours





    




or add 1/5th 10% 





    



Formalin 









(final conc. 2%) 

_____________________________________________________________________

TSS: total suspended solids. 

TDS: total dissolved solids. This is the combined content of all inorganic and organic substances contained in a liquid and which are present in a molecular, ionized or micro-granular (colloidal) suspended form.  
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