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Masterclass Certificate in Aquatic Pathology

Diagnostic Techniques in Aquatic Pathology

Aquatic pathology is the study of disease processes that affect organisms living in freshwater and marine
environments. Central to this discipline is the ability to accurately diagnose the cause of illness or mortality,
which relies on a suite of specialized diagnostic techniques. The following glossary presents the essential
terms and vocabulary that students of the Masterclass Certificate in Aquatic Pathology must master. Each
entry includes a definition, practical application, illustrative example, and discussion of common challenges.
The material is organized thematically to aid retention and to provide a clear framework for integrating
laboratory and field methods.

Necropsy — The systematic post-mortem examination of a dead aquatic animal. A necropsy follows a
standard protocol that begins with external inspection, proceeds to internal organ dissection, and ends with
tissue collection for further analysis. Practical application: In a fish farm experiencing sudden mortality, a
necropsy may reveal gill congestion, hepatomegaly, or skin lesions that guide the selection of
histopathological stains. Challenge: Decomposition progresses rapidly in warm water, so timely fixation
(usually within 2 hours) is critical to preserve cellular detail.

Histopathology — The microscopic study of tissue architecture and cellular changes using stained sections.
This technique provides the gold-standard confirmation of many infectious and non-infectious disease
processes. Example: A liver section stained with hematoxylin and eosin (H&E) may show granulomatous
inflammation indicative of mycobacterial infection. Challenge: Aquatic species often have unique tissue
thickness and pigmentation; decalcification of bony structures and removal of high melanin content may be
required before embedding.

Hematoxylin and eosin (H&E) stain — The most widely used staining method for general tissue morphology.
Hematoxylin stains nuclei blue-purple, while eosin stains cytoplasm and extracellular matrix pink. Practical
use: H&E is the first line stain for any tissue collected during necropsy, providing baseline information that
determines whether additional special stains are needed. Challenge: Over-fixation in formalin can cause
tissue hardening, leading to poor stain penetration and loss of detail.

Special stains — Targeted staining procedures that highlight specific tissue components, microorganisms, or
chemical elements. Common examples include Gram stain for bacteria, Giemsa for protozoa, Periodic
acid-Schiff (PAS) for carbohydrates, and Ziehl-Neelsen for acid-fast bacilli. Example: A Giemsa-stained blood
smear from a shrimp may reveal intracellular microsporidian spores. Challenge: Many special stains require
precise timing and pH control; deviation can produce false-negative results.

Immunohistochemistry (IHC) — A technique that uses antibodies conjugated to enzymes or fluorophores to
detect specific antigens within tissue sections. IHC can differentiate between closely related pathogens or
identify host response markers such as cytokines. Practical application: An IHC assay employing a
monoclonal antibody against Vibrio anguillarum can confirm bacterial localization within fish spleen tissue.
Challenge: Cross-reactivity of antibodies between species is common; validation on the target organism'’s
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tissues is essential.

Electron microscopy (EM) — The use of electron beams to achieve ultra-high resolution imaging of cellular
ultrastructure. Two main modalities are transmission EM (TEM) and scanning EM (SEM). Example: TEM of
kidney tissue from a carp exposed to heavy metals may reveal lysosomal membrane damage and
mitochondrial swelling. Challenge: EM requires extensive sample preparation, including fixation in
glutaraldehyde, dehydration, and embedding in resin; the process is time-consuming and demands
specialized equipment.

Light microscopy — The conventional microscope that uses visible light to magnify specimens. Light
microscopy is the workhorse of aquatic pathology, supporting histology, cytology, and many staining
protocols. Practical use: A light microscope equipped with a 40x objective can resolve cellular details in a
gill filament, allowing detection of parasitic attachment sites. Challenge: Highly pigmented tissues (e.G.,
Melanized skin of certain fish) can obscure visualization; bleaching steps may be necessary.

Cytology — The study of individual cells obtained from fluids, swabs, or tissue aspirates. Cytology provides
rapid assessment of cellular morphology and can be combined with staining or molecular methods.
Example: A water-sampled cytocentrifuge slide stained with Wright-Giemsa may reveal proliferative
epithelial cells indicative of environmental stress. Challenge: Low cellular yield from aquatic specimens often
necessitates concentration techniques such as centrifugation or filtration.

Water sampling — The collection of water from habitats or aquaculture systems for diagnostic testing.
Sampling protocols specify volume, depth, and preservation methods to ensure representative analysis.
Practical application: Filtering 1L of pond water through a 0.45Mm membrane concentrates bacterial DNA
for downstream PCR. Challenge: Heterogeneity of water bodies (e.G., Stratification, flow) can lead to
under-sampling of pathogens; multiple sites and depths are often required.

Filtration (membrane filtration) — A technique to trap microorganisms on a membrane filter that is
subsequently cultured or processed for molecular analysis. Example: Membrane filtration of seawater
followed by incubation on thiosulfate-citrate-bile salts (TCBS) agar isolates Vibrio species. Challenge: Filter
clogging due to particulate matter can reduce recovery efficiency; pre-filtration through larger pore size
may be needed.

Culture — The growth of microorganisms on selective or non-selective media under controlled conditions.
Culture remains indispensable for confirming viability, performing antimicrobial susceptibility testing, and
obtaining isolates for further characterization. Practical use: Plating gill tissue homogenates on tryptic soy
agar with added NaCl supports growth of halophilic bacteria. Challenge: Many aquatic pathogens are
fastidious, requiring specific temperature, salinity, or oxygen conditions that are not met by standard
laboratory media.

Selective media — Growth media formulated to favor the growth of particular organisms while inhibiting
others. Examples include TCBS agar for Vibrio, Mycobacterial Growth Indicator Tube (MGIT) for
Mycobacterium spp., And Sabouraud dextrose agar for fungi. Example: TCBS agar yields yellow colonies for
V. Cholerae and green colonies for V. Parahaemolyticus, aiding preliminary identification. Challenge:
Over-selectivity may suppress co-infecting organisms, leading to incomplete diagnostic pictures.
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Non-selective media — General-purpose media that support a broad range of microorganisms. Blood agar is
a classic non-selective medium that also reveals hemolytic activity. Practical application: Inoculating a mixed
sample onto blood agar allows observation of colony morphology before targeted sub-culturing. Challenge:
Abundant flora may overgrow slow-growing pathogens, necessitating prior enrichment steps.

Enrichment broth — A liquid medium designed to increase the numbers of target organisms before plating.
Example: Alkaline peptone water (APW) is used to enrich Vibrio spp. From water samples prior to plating on
TCBS. Challenge: Enrichment can also amplify contaminant bacteria; incubation temperature and duration
must be optimized for the target pathogen.

Polymerase chain reaction (PCR) — A molecular technique that amplifies specific DNA sequences, enabling
detection of low-abundance pathogens. PCR can be conventional (endpoint) or quantitative (QPCR).
Example: A conventional PCR targeting the 16S rRNA gene of Aeromonas hydrophila confirms bacterial
presence in kidney tissue. Challenge: PCR inhibitors such as humic acids in sediment can lead to
false-negative results; purification steps or inhibitor-resistant polymerases are often required.

Quantitative PCR (gqPCR) — Real-time PCR that quantifies the amount of target DNA during amplification
using fluorescent probes or intercalating dyes. QPCR provides both presence/absence data and an estimate
of pathogen load. Practical use: A qPCR assay for Infectious Salmon Anemia Virus (ISAV) yields cycle
threshold (Ct) values that correlate with viral concentration in spleen samples. Challenge: Establishing
reliable standard curves for absolute quantification demands high-quality reference material and consistent
assay conditions.

Reverse transcription PCR (RT-PCR) — PCR applied to RNA templates after conversion to complementary
DNA (cDNA) using reverse transcriptase. RT-PCR is essential for detecting RNA viruses such as nodavirus or
SARS-CoV-2 in aquatic species. Example: RT-PCR of gill tissue identifies the presence of infectious
pancreatic necrosis virus (IPNV). Challenge: RNA is labile; rapid stabilization in RNA-preserving reagents is
necessary to avoid degradation.

Loop-mediated isothermal amplification (LAMP) — An isothermal nucleic acid amplification method that
operates at a single temperature, producing large amounts of DNA within 30-60 minutes. LAMP is
field-friendly because it does not require a thermocycler. Practical application: A LAMP assay for the
parasite Ichthyophthirius multifiliis can be performed on-site with a portable heating block, delivering
results in under an hour. Challenge: Primer design is complex; six primers are required, and non-specific
amplification can occur if primer concentrations are not optimized.

Fluorescence in situ hybridization (FISH) — A technique that uses fluorescently labeled DNA or RNA probes
to localize specific nucleic acid sequences within fixed cells or tissue sections. FISH provides spatial context
for pathogen detection. Example: FISH with a probe targeting the 18S rRNA of the dinoflagellate Karenia
brevis identifies toxin-producing cells within plankton samples. Challenge: Background fluorescence from
autofluorescent algae may obscure signals; appropriate controls and probe stringency are essential.

Enzyme-linked immunosorbent assay (ELISA) — A plate-based assay that detects antigens or antibodies
using enzyme-conjugated detection antibodies and a colorimetric substrate. ELISA is widely used for
serological surveillance and for detecting soluble toxins. Practical use: An ELISA for detecting the mycotoxin
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microcystin in lake water provides quantitative results that inform public health advisories. Challenge: Matrix
effects from complex aquatic samples can interfere with antibody binding; sample dilution or pre-treatment
may be required.

Western blot — A protein-separation technique followed by transfer to a membrane and detection with
specific antibodies. Western blot validates ELISA results and can differentiate between protein isoforms.
Example: A Western blot using anti-Vibrio antibodies confirms the presence of a specific outer-membrane
protein in cultured isolates. Challenge: Protein extraction from heavily calcified fish scales requires strong
detergents that can affect downstream antibody binding.

Rapid antigen test — Lateral flow devices that provide a visual readout (often a colored line) when a target
antigen is present. These tests are valuable for quick field screening. Practical application: A rapid antigen
test for the viral hemorrhagic septicemia virus (VHSV) can be applied to fin clips within minutes, allowing
rapid decision-making in hatcheries. Challenge: Sensitivity is lower than molecular methods; negative results
may need confirmation by PCR.

Serology — The study of antibodies in serum, used to assess exposure or immune status. Serological assays
include ELISA, indirect fluorescent antibody (IFA) tests, and agglutination assays. Example: An IFA detecting
antibodies against the fish pathogen Flavobacterium columnare indicates prior exposure in a population.
Challenge: Cross-reactivity among related pathogens can produce ambiguous results; confirmatory tests are
advisable.

Indirect fluorescent antibody (IFA) test — A serological technique where a primary antibody binds to the
target antigen, and a fluorescent secondary antibody visualizes the complex under a fluorescence
microscope. IFA is useful for detecting intracellular pathogens. Practical use: IFA can reveal intracellular
stages of the parasite Perkinsus spp. Within hemocytes of oysters. Challenge: Fluorescence fading
(photobleaching) and background autofluorescence in marine tissues may limit detection; mounting media
with anti-fade agents improve outcomes.

Flow cytometry — A technology that analyzes physical and chemical characteristics of cells as they pass
through a laser beam, enabling rapid quantification of cell populations and detection of intracellular
markers. Example: Flow cytometry can enumerate lymphocyte subsets in fish peripheral blood, providing
insight into immunosuppression caused by environmental contaminants. Challenge: Aquatic species often
have nucleated erythrocytes that interfere with standard gating strategies; customized protocols are
required.

Mass spectrometry (MS) — An analytical technique that measures the mass-to-charge ratio of ionized
molecules, allowing precise identification of proteins, metabolites, or toxins. MS is frequently coupled with
chromatography (LC-MS) for toxin analysis. Practical application: LC-MS identifies and quantifies saxitoxin
analogues in shellfish tissue, supporting food safety monitoring. Challenge: Sample preparation must
remove salts and lipids that suppress ionization; matrix-matched calibration standards are essential for
accurate quantification.

Liquid chromatography (LC) — A separation technique that resolves complex mixtures based on interactions
with a stationary phase. LC is often paired with MS for comprehensive toxin profiling. Example:
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High-performance LC separates different cyanotoxins before MS detection, enabling multi-toxin monitoring
in freshwater reservoirs. Challenge: Method development for diverse toxin chemistries can be
labor-intensive; validation must address limit of detection (LOD) and limit of quantification (LOQ) for each
target.

Gas chromatography (GC) — A separation method for volatile compounds, commonly used with MS for
detecting lipid-soluble toxins. Practical use: GC-MS identifies polycyclic aromatic hydrocarbons (PAHSs) in
sediment samples that may cause fish liver pathology. Challenge: Derivatization steps are often required for
non-volatile toxins, adding complexity and potential sources of error.

Next-generation sequencing (NGS) — High-throughput sequencing technologies that generate massive
amounts of DNA or RNA data, enabling metagenomic or transcriptomic investigations. NGS can uncover
novel pathogens, antimicrobial resistance genes, and host response pathways. Example: Metagenomic
sequencing of a diseased shrimp sample reveals a previously uncharacterized virus alongside known
bacterial opportunists. Challenge: Bioinformatic analysis demands substantial computational resources and
expertise; contamination from host DNA can obscure low-abundance microbial reads.

Metagenomics — The study of collective genetic material recovered directly from environmental samples,
without the need for culturing. Metagenomics provides a comprehensive picture of microbial community
composition. Practical application: Water-filter DNA extracts subjected to shotgun sequencing reveal the
presence of pathogenic Aeromonas, Vibrio, and Pseudomonas species in a recirculating aquaculture system.
Challenge: Distinguishing between live pathogens and DNA from dead cells requires complementary
viability assays or RNA-based approaches.

Metatranscriptomics — Sequencing of total RNA from environmental samples to assess active gene
expression. This approach highlights which microbes are metabolically active during disease outbreaks.
Example: Metatranscriptomic analysis of diseased fish gills shows up-regulation of virulence genes in a
Vibrio population, supporting a causal link. Challenge: RNA stability is a major concern; immediate
stabilization in RNAlater or flash freezing is essential.

Quantitative proteomics — The measurement of protein abundance using techniques such as tandem mass
tags (TMT) or label-free approaches, providing insight into host response. Practical use: Quantitative
proteomics of liver tissue from fish exposed to heavy metals identifies up-regulated metallothionein
proteins, indicating oxidative stress. Challenge: Protein extraction from tissues rich in collagen or keratin
may require harsh lysis buffers that affect downstream labeling efficiency.

Bioassay — An experimental setup where living organisms are used to assess the toxicity or infectivity of a
sample. Bioassays are integral for validating analytical findings. Example: A zebrafish embryo toxicity assay
evaluates the lethal concentration of a pesticide found in pond water. Challenge: Ethical considerations and
variability in organism sensitivity demand careful experimental design and appropriate controls.

Sentinel species — Organisms intentionally placed in an environment to monitor health status and detect
emerging pathogens or pollutants. Sentinel species can be fish, mollusks, or invertebrates. Practical
application: Deploying mussels downstream of an industrial discharge provides early warning of heavy
metal accumulation that could affect local fish populations. Challenge: Sentinel species selection must
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match the ecological niche of the target hazard; mismatched species may fail to detect relevant threats.

Water quality parameters — Physical and chemical measurements that influence pathogen survival and host
susceptibility. Key parameters include temperature, pH, dissolved oxygen, salinity, ammonia, nitrite, and
turbidity. Example: Elevated ammonia levels can impair gill function, predisposing fish to bacterial infections
such as Aeromonas spp. Challenge: Rapid fluctuations in parameters require continuous monitoring devices;
intermittent sampling may miss critical spikes.

Thermal stress — Exposure of aquatic organisms to temperatures outside their optimal range, leading to
physiological compromise. Thermal stress can suppress immune function and accelerate pathogen
replication. Practical use: Recording temperature logs during a disease outbreak helps correlate temperature
peaks with increased mortality, informing management interventions. Challenge: Distinguishing
temperature-induced pathology from pathogen-induced lesions may require integrated histopathological
and molecular data.

pH stress — Deviations from neutral pH that affect ion balance and mucosal integrity, influencing
susceptibility to infection. Example: Low pH in acidic ponds can damage skin mucus of tilapia, facilitating
entry of opportunistic bacteria. Challenge: PH can vary with diurnal cycles and organic load; real-time pH
sensors improve detection of harmful excursions.

Hypoxia — Reduced dissolved oxygen levels that cause cellular hypoxia and compromise immune defenses.
Chronic hypoxia is linked to increased prevalence of fungal infections such as Saprolegnia spp. Practical
application: Dissolved oxygen probes linked to alarm systems trigger aeration adjustments before mortality
escalates. Challenge: Hypoxia may be patchy; point measurements can underestimate localized low-oxygen
zones.

Salinity — The concentration of dissolved salts in water, a critical factor for osmoregulation and pathogen
ecology. Certain Vibrio species thrive at higher salinities, while freshwater pathogens such as Aeromonas
prefer lower salinity. Example: Adjusting salinity in a recirculating system can suppress Vibrio growth but
may stress freshwater species. Challenge: Abrupt salinity changes can cause osmotic shock; gradual
adjustments are necessary.

Heavy metals — Metallic elements such as mercury, cadmium, lead, and arsenic that can accumulate in
aquatic organisms and cause toxicopathology. Heavy metal exposure often manifests as hepatic necrosis,
renal tubular degeneration, and gill hyperplasia. Practical use: Atomic absorption spectroscopy quantifies
metal concentrations in tissue, supporting diagnosis of metal-induced disease. Challenge: Metals may bind
to proteins, reducing extraction efficiency; digestion with strong acids (e.G., Nitric acid) is required for
accurate measurement.

Organic pollutants — Synthetic compounds such as pesticides, polycyclic aromatic hydrocarbons (PAHSs), and
polychlorinated biphenyls (PCBs) that disrupt endocrine and immune systems. Example: Exposure to the
pesticide chlorpyrifos can lead to cholinergic toxicity in fish, observable as spinal lesions on histology.
Challenge: Complex mixtures in the environment necessitate multi-residue analytical methods; matrix
interferences can obscure low-level detections.
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Pathogen load — The quantity of a pathogen present in a given sample, expressed as colony-forming units
(CFU), genome copies, or infected cells per unit volume or mass. Determining pathogen load helps
differentiate between incidental presence and clinically relevant infection. Example: QPCR quantifies 10*
copies of ISAV per gram of spleen tissue, indicating a high viral burden. Challenge: Establishing clinically
relevant thresholds requires epidemiological data; arbitrary cut-offs may misclassify disease status.

Virulence factor — A molecular component that enables a pathogen to colonize, evade host defenses, or
cause tissue damage. Common virulence factors include toxins, adhesins, invasins, and secretion systems.
Practical application: PCR targeting the aerolysin gene (aerolysin) confirms the presence of a virulent
Aeromonas strain. Challenge: Some virulence genes are widely distributed among non-pathogenic strains;
functional assays are needed to confirm activity.

Antimicrobial susceptibility testing (AST) — Laboratory methods that assess the sensitivity of bacterial
isolates to a panel of antibiotics, guiding therapeutic decisions. Techniques include disk diffusion, broth
microdilution, and automated systems. Example: Disk diffusion on Mueller-Hinton agar with added NaCl
determines susceptibility of Vibrio isolates to tetracycline. Challenge: Standard AST guidelines (e.G., CLSI)
are often based on human pathogens; aquatic-specific breakpoints are less established, requiring
interpretation by experienced microbiologists.

Minimum inhibitory concentration (MIC) — The lowest concentration of an antimicrobial that prevents visible
growth of a microorganism after incubation. MIC values inform dosing regimens and resistance monitoring.
Practical use: A broth microdilution assay yields an MIC of 2 ug/mL for oxytetracycline against a
Flavobacterium isolate, indicating susceptibility. Challenge: Inoculum density and incubation conditions
must be strictly controlled to avoid erroneous MIC values.

Resistance gene — A genetic element that confers resistance to antimicrobial agents, often located on
plasmids, transposons, or integrons. Detection of resistance genes by PCR or sequencing helps predict
treatment failure. Example: PCR detection of the sul1 gene indicates sulfonamide resistance in a bacterial
isolate from shrimp. Challenge: Presence of a resistance gene does not always translate to phenotypic
resistance; expression levels and regulatory mechanisms influence the outcome.

Biofilm — A structured community of microorganisms encased in a self-produced extracellular matrix,
adhering to surfaces such as tank walls, pipes, or host tissues. Biofilms protect pathogens from disinfectants
and antibiotics. Practical application: Sampling biofilm from a recirculating system'’s filter cartridge and
culturing on selective media can reveal persistent Vibrio reservoirs. Challenge: Biofilm disaggregation for
quantitative analysis often requires mechanical or enzymatic disruption, which may not release all cells
uniformly.

Disinfection — The application of chemical or physical agents to reduce microbial load in water or on
surfaces. Common disinfectants include chlorine, ozone, UV radiation, and hydrogen peroxide. Example: UV
treatment at 40 mJ/cm? effectively inactivates free-living viral particles in hatchery water. Challenge:
Biofilm-associated microbes exhibit higher resistance; combined physical and chemical strategies may be
necessary.

UV irradiation — The use of ultraviolet light, particularly UV-C (254 nm), to damage nucleic acids and
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inactivate microorganisms. UV is favored for its lack of chemical residues. Practical use: Installing a UV
sterilizer in a recirculating aquaculture system reduces bacterial load without affecting water chemistry.
Challenge: Turbidity reduces UV penetration; pre-filtration is required to maintain efficacy.

Ozone treatment — The application of ozone gas, a powerful oxidant, for water disinfection. Ozone can
degrade organic contaminants and inactivate pathogens. Example: Ozone dosing at 2mg/L in a marine
aquarium eliminates free-living Vibrio spp. Challenge: Ozone can be toxic to fish if not properly degassed;
continuous monitoring of residual ozone is essential.

Chlorination — The addition of chlorine or chlorine-based compounds (e.G., Sodium hypochlorite) to achieve
disinfection. Chlorination is widely used in freshwater systems. Practical application: Maintaining a residual
chlorine level of 0.5Mg/L in a cooling tower prevents bacterial colonization. Challenge: Chlorine reacts with
ammonia to form chloramines, which are less effective disinfectants and can be harmful to aquatic life.

Antigen — A molecule, often a protein or polysaccharide, that elicits an immune response and can be
recognized by antibodies. Antigens serve as targets for diagnostic assays such as ELISA and rapid tests.
Example: The outer membrane protein antigen of V. Anguillarum is used in a sandwich ELISA for pathogen
detection. Challenge: Antigenic variation among strains may reduce assay sensitivity; multiplex assays can
address diversity.

Antibody — A protein produced by the immune system that specifically binds to an antigen. Antibodies are
employed in immunodiagnostic methods and therapeutic interventions. Practical use: A monoclonal mouse
antibody against the viral nucleoprotein of ISAV enables IHC detection in tissue sections. Challenge:
Producing high-affinity antibodies against aquatic pathogens can be difficult due to limited immunogenicity
and lack of commercial sources.

Monoclonal antibody — An antibody derived from a single B-cell clone, offering uniform specificity and
affinity. Monoclonal antibodies are valuable for precise diagnostic assays. Example: A monoclonal antibody
against the capsular polysaccharide of Streptococcus iniae is incorporated into a lateral flow test. Challenge:
Hybridoma technology requires cell culture facilities; recombinant antibody production is emerging as an
alternative.

Polyclonal antibody — A mixture of antibodies produced by multiple B-cell clones, recognizing multiple
epitopes on the same antigen. Polyclonal antibodies are often used for initial assay development. Practical
application: A rabbit polyclonal serum raised against a shrimp virus can be used for IFA screening.
Challenge: Batch-to-batch variability can affect assay reproducibility; careful validation is required.

Standard curve — A plot of known concentrations of a target analyte versus assay signal, used to interpolate
unknown sample concentrations. Standard curves are essential for quantitative assays such as qPCR, ELISA,
and LC-MS. Example: A serial dilution of synthetic DNA fragments creates a qPCR standard curve spanning
10" to 10° copies. Challenge: Matrix effects can alter assay linearity; standards should be prepared in a
matrix-matched buffer whenever possible.

Limit of detection (LOD) — The lowest concentration of an analyte that can be reliably distinguished from
background noise with a defined confidence level. LOD determines assay sensitivity. Practical use: The LOD
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of a PCR assay for V. Parahaemolyticus is 5 CFU per reaction, enabling early detection. Challenge: LOD may
differ between laboratory and field conditions due to sample quality and equipment variability.

Limit of quantification (LOQ) — The lowest concentration at which an analyte can be quantitatively measured
with acceptable accuracy and precision. LOQ is higher than LOD. Example: The LOQ for a toxin ELISA is
0.2Mg/L, allowing regulatory compliance assessment. Challenge: Establishing LOQ requires repeated
measurements at low concentrations to assess variability.

Quiality control (QC) — Procedures and standards employed to ensure reliability, accuracy, and
reproducibility of diagnostic tests. QC includes use of positive and negative controls, calibration of
instruments, and documentation of procedures. Practical application: Running a known positive control
sample in each PCR batch verifies assay performance. Challenge: QC material may be scarce for emerging
pathogens; in-house controls may need to be generated.

Quiality assurance (QA) — A systematic process that encompasses all aspects of laboratory operation, from
sample handling to result reporting, to guarantee overall quality. QA involves standard operating
procedures (SOPs), proficiency testing, and accreditation. Example: Participation in an inter-laboratory
proficiency test for ISAV detection demonstrates compliance with QA standards. Challenge: Maintaining QA
in resource-limited settings requires creative use of external resources and training.

Standard operating procedure (SOP) — A written document that details step-by-step instructions for
performing a specific laboratory or field task. SOPs promote consistency and reduce operator error.
Practical use: An SOP for water filtration specifies filter type, volume, and sterilization steps. Challenge: SOPs
must be regularly reviewed and updated to incorporate new methods or regulatory changes.

Proficiency testing (PT) — An external assessment where laboratories analyze blind samples and compare
results to a consensus or reference values. PT evaluates competency and identifies areas for improvement.
Example: A PT panel for detecting fish viruses includes samples with known viral loads, and participating
labs submit their gPCR results. Challenge: PT samples may not reflect the complexity of field specimens;
complementary internal assessments are advisable.

Accreditation — Formal recognition by an authoritative body that a laboratory meets predefined standards
(e.G., ISO/IEC 17025). Accreditation validates the competence of diagnostic services. Practical application:
An accredited aquatic pathology lab can issue results that are accepted by regulatory agencies for disease
outbreak investigations. Challenge: Achieving accreditation requires significant documentation, staff
training, and periodic audits.

Reference laboratory — A specialized facility equipped with advanced instrumentation and expertise for
confirmatory testing, strain typing, and advanced research. Reference labs often support regional diagnostic
networks. Example: A national reference laboratory performs whole-genome sequencing of a novel viral
isolate to determine its phylogenetic relationship. Challenge: Turnaround time may be longer than in local
labs; logistical arrangements for sample shipment must preserve integrity.

Sample preservation — Methods used to maintain the integrity of biological specimens from collection to
analysis. Common preservatives include formalin for histology, ethanol for DNA, and RNAlater for RNA.
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Practical use: Placing gill tissue in 10 % neutral buffered formalin preserves morphology for histopathology,
while a separate portion stored in RNAlater protects RNA for transcriptomic studies. Challenge:
Incompatible preservatives cannot be applied to the same sample; careful planning is required to allocate
portions for each downstream assay.

Formalin fixation — The process of immersing tissue in formaldehyde solution to cross-link proteins,
stabilizing structure for microscopic examination. Formalin fixation is standard for histopathology. Example:
Fixing liver tissue for 24 hours in 10 % neutral buffered formalin yields optimal preservation for H&E
staining. Challenge: Over-fixation can mask antigenic sites, necessitating antigen retrieval steps for IHC.

Antigen retrieval — Techniques (heat-induced or enzymatic) used to restore epitope accessibility after
formalin fixation, enhancing antibody binding in IHC. Practical application: Heating slides in a citrate buffer
pH 6.0 For 20 minutes improves detection of bacterial antigens in fish spleen. Challenge: Excessive retrieval
can damage tissue morphology; optimization is required for each antibody.

RNA stabilization — The use of reagents or rapid freezing to prevent RNA degradation, crucial for
transcriptomic and RT-PCR analyses. Example: Submerging a tissue sample in RNAlater for 2 hours at 4°C
before freezing at —80 °C preserves high-quality RNA. Challenge: RNAlater can interfere with downstream
enzymatic reactions if not removed properly; thorough washing is essential.

DNA extraction — The process of isolating genomic DNA from tissues, cells, or environmental samples.
Extraction methods include commercial kits, phenol-chloroform, and magnetic bead-based protocols.
Practical use: A silica-column kit yields pure DNA from fish kidney tissue suitable for PCR amplification of
bacterial 16S rRNA genes. Challenge: Co-extracted inhibitors such as pigments, polysaccharides, or salts can
suppress PCR; additional purification steps may be needed.

Quantitative reverse transcription PCR (RT-qPCR) — A real-time PCR technique that quantifies RNA targets
after reverse transcription, allowing measurement of gene expression levels. Example: RT-qPCR measuring
expression of the viral hemagglutinin gene in infected fish provides insight into infection dynamics.
Challenge: Selection of appropriate reference genes for normalization is critical; housekeeping genes may
vary under stress conditions.

Reference gene — A gene with stable expression across experimental conditions, used to normalize RT-qPCR
data. Common reference genes include B-actin, GAPDH, and 18S rRNA. Practical application: Validating
B-actin stability in stressed fish ensures accurate quantification of target gene expression. Challenge:
Expression stability must be empirically tested for each experimental setup.

Primer design — The process of creating short DNA sequences that flank the target region for PCR
amplification. Good primers have appropriate melting temperature, GC content, and minimal secondary
structures. Example: Designing primers that amplify a 150-bp fragment of the ISAV segment 6 gene enables
efficient qPCR detection. Challenge: Primer-dimer formation can reduce assay efficiency; in silico tools help
predict and avoid such issues.

Probe-based qPCR — A gPCR format that uses a fluorescent probe (e.G., TagMan) that binds within the
amplicon, providing increased specificity and allowing multiplexing. Practical use: A multiplex probe assay
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simultaneously detects ISAV, VHSV, and SVCV in a single reaction. Challenge: Probe design adds cost and
complexity; mismatches can reduce fluorescence signal.

Multiplex PCR — A PCR approach that amplifies multiple targets in one reaction, saving time and reagents.
Example: A multiplex PCR for Aeromonas, Pseudomonas, and Flavobacterium species streamlines bacterial
screening in fish tissue. Challenge: Competition among primer sets can lead to preferential amplification;
optimization of primer concentrations is essential.

Gene sequencing — Determining the nucleotide order of a DNA fragment, used for species identification,
strain typing, and detection of mutations. Sanger sequencing is common for single-gene analysis, while
NGS provides whole-genome data. Practical application: Sequencing the 16S rRNA gene of a bacterial
isolate confirms its identity as Aeromonas sobria. Challenge: Sequencing errors, especially in homopolymer
regions, require validation through repeat runs or alternative platforms.

Phylogenetic analysis — The construction of evolutionary trees based on genetic data to infer relationships
among organisms. Phylogenetics helps track pathogen emergence and spread. Example: Building a
phylogenetic tree of ISAV isolates reveals a clade associated with a recent outbreak in Norway. Challenge:
Appropriate models of nucleotide substitution and robust bootstrap support are needed for reliable
inference.

GenBank — A public repository of nucleotide sequences maintained by the National Center for
Biotechnology Information (NCBI). Researchers submit sequences to GenBank for public access and
comparative analysis. Practical use: BLAST searching a novel 16S rRNA sequence against GenBank identifies
the closest known relatives. Challenge: Databases may contain misidentified entries; critical evaluation of
accession data is required.

BLAST (Basic Local Alignment Search Tool) — An algorithm that compares a query sequence against a
database to find regions of similarity. BLAST aids in species identification and functional annotation.
Example: BLASTing a viral polymerase gene fragment reveals highest similarity to a known rhabdovirus.
Challenge: Short query sequences can generate multiple low-confidence hits; longer sequences improve
specificity.

Sequence alignment — The arrangement of DNA, RNA, or protein sequences to identify conserved regions,
mutations, or indels. Alignment tools include Clustal Omega and MUSCLE. Practical application: Aligning
multiple isolates of a bacterial toxin gene uncovers point mutations that may affect virulence. Challenge:
High variability in hypervariable regions can complicate alignment; manual curation may be necessary.

Single-nucleotide polymorphism (SNP) — A single base-pair variation in the genome that can serve as a
genetic marker for strain differentiation. SNP typing enables high-resolution epidemiology. Example: SNP
analysis of the ISAV segment 7 gene distinguishes between vaccine-derived and wild-type strains.
Challenge: SNP detection requires high-quality sequence data and appropriate bioinformatic pipelines.

Multilocus sequence typing (MLST) — A method that sequences internal fragments of several housekeeping
genes to assign allelic profiles and define sequence types (STs). MLST provides a portable, reproducible
typing scheme. Practical use: MLST of Aeromonas isolates assigns them to ST-23, facilitating comparison
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with global databases. Challenge: The need for multiple PCRs and sequencing steps can be labor-intensive;
automated platforms help streamline the workflow.

Pulse-field gel electrophoresis (PFGE) — A technique that separates large DNA fragments by applying
alternating electric fields, generating strain-specific banding patterns. PFGE has been used for outbreak
investigations. Example: PFGE of a Vibrio cholerae isolate shows a pattern identical to a previous marine
outbreak strain. Challenge: PFGE is time-consuming and requires specialized equipment; reproducibility
between laboratories can be problematic.

Whole-genome sequencing (WGS) — The determination of the complete DNA sequence of an organism’s
genome. WGS provides the ultimate resolution for pathogen characterization, resistance gene detection,
and phylogenetics. Practical application: WGS of a newly isolated fish virus uncovers novel open reading
frames and informs vaccine design.

Read online: https://certificates.uksm.org.uk/guides/3360209/ London School of Planning and Management - 28 Jun 2026
diagnostic-techniques-in-aquatic-pathology



