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In this review, different diagnostic techniques for identifying etiology of fish disease are described. Among microscopic 
techniques, we find rapid diagnostic tests to observe parasites, gill diseases and bacteria; routine histopathological 
techniques are also used. In samples having bone tissue, decalcification methods are employed. In recent years, apart from 
using immunohistochemistry and electron microscopy, morphological techniques allow a deep study of disease 
pathogenesis. At present, molecular techniques for pathogen identification and atomic-absorption spectrophotometry to 
measure the concentration and distribution of toxic metals in tissues they also use. In conclusion, different techniques can 
contribute to the evaluation of disorders and provide tools for a better understanding in fish medicine. 
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1. Introduction 

Fish farms cultivate and breed a large number of fish in an enclosed environment for consumption, ornamental purposes 
or recreational fishing. Although these fish move freely within these aquatic environments, they may be subjected to 
stress, due to intra- and interspecific competition or an unfavorable environment. This situation facilitates the 
appearance of traumatic, nutritional, genetic and infectious disorders, which generally result in macroscopic and 
microscopic lesions. Ethical considerations require the optimization of husbandry practices and advances in aquatic 
animal health [1]. 
 Over recent decades, there has been an increase in the number of studies on fish medicine, a discipline that 
incorporates aspects of medical management, fish biology, pathological studies and disease diagnosis. Fish medicine 
focuses on clinical approaches, not only on the post-mortem appearance of diseases, but also on live fish, both as 
individuals and as populations [2]. Diagnosis of fish disease is established by means of data that combines specimen 
history, behavioral observation, macroscopic examination, skin and gill scraping, necropsy examination with squash 
preparations of internal organs and histopathology. 
 Below, we describe the main methods employed for ichthyopathological diagnosis, which include light and electron 
microscopy. We also mention some complementary studies currently used, such as molecular techniques for pathogen 
identification and atomic absorption spectrophotometry to measure the concentration and distribution of toxic metals in 
tissues. 

2. Tissue and fish samples 

In order to make an ichthyopathological diagnosis, we may collect samples in two ways, in vivo or post mortem. The 
former includes samples of mucus or epithelial tissues that are scraped off with a small scalpel or a coverslip from 
different parts of the fish body and mounted on a glass slide (Fig. 1) [3]. Moreover, punctures may be performed to 
obtain blood or fluid samples; they are subsequently placed directly on a glass slide (Fig. 2). Using sterile cotton swabs 
(Fig. 3), samples of the affected areas may be collected for microbiological analysis [2]. 
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Figure 1. In the affected areas, small samples of mucus and epithelial tissues may be scraped off with a glass cover (A) or a small 
scalpel (B). 
 
 
 Diagnostic procedures most often require the sacrifice and sampling of individual fish. Fish exhibiting lesions 
(ulcers, erosions, hemorrhages) or abnormal behavior should be selected and euthanized by an overdose of anesthetic 
[2, 3]. In that case, the same types of samples previously mentioned may be taken; besides, squash preparations of gill 
filaments may be examined under the microscope. Fish necropsy is performed after completing the external 
examination, in which a gross view of the internal organs may help identify different pathologies. The target organs 
generally used for histopathology are the gills, kidney, liver and spleen; however, all organs may be sampled, depending 
on the presumptive diagnosis. If there is an injury, samples should contain the damage and some healthy tissue 
surrounding it (Fig. 4). 
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Figure 2. (A) and (B) Photographs show blood collection from a fish using the tail vein. (1)–(4) Steps to follow to obtain a blood 
smear. (1) On one end of a glass slide, place a small drop of blood; (2) place a second glass slide (spreader) at a 45° angle and wait 
until the blood spreads along to the edges of the glass; then, while holding the glass slide at the same angle, allow the drop to spread 
over its surface sideways in a thin line; (3) push the blood forward along the length of the lower slide; and (4) allow it to dry 
completely before staining. 
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Figure 3. In the affected areas, samples of gill mucus (A) and perianal mucus (B) may also be collected with a sterile cotton swab. 
 

 
Figure 4. Organ infected with a nematode parasite. (A) Gross view showing a subcutaneous parasite (P) and an ulcer (arrow) caused 
by it. (B) Section of the organ musculature showing the nematode's body (P) and an ulcerative area (inset); around it, the tissue 
reaction of the host can be observed. 
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2.1 Fixation 

Samples from the necropsy must be processed for subsequent cutting and coloring. The material should be treated with 
fixative solutions appropriate to each one of the study methods. This is the most important step in tissue preparation, 
because it stops the processes of autolysis and putrefaction. In the case of hollow organs, such as the digestive system, 
care should be taken to make fixative solutions enter them, as the mucosa of these organs is very sensitive to post-
mortem changes (Fig. 5). There are two types of fixing processes: 
 Physical fixation methods: they may be accomplished by high temperature or cryopreservation; these procedures 
rapidly inhibit cellular activity [4]. In blood smears, after spreading the blood over the surface of the slide, samples are 
allowed to dry at room temperature or flame-dried, and then colored. To carry out atomic absorption spectrophotometry, 
small pieces of tissue are placed in cryoprotectant and frozen in liquid nitrogen [5]. 
 Chemical fixation methods: they may be performed by perfusion or by immersion. In the perfusion method, the 
fixative solution is injected into the heart and the circulatory system, and used to circulate the perfusants uniformly 
through the brain and body; this method is not used in ichthyology. Instead, the immersion method is the most common 
approach used in biological specimen preservation [4]; samples are submerged in fixative solution to allow diffusion 
through the tissue. The size of the sample is important and should not exceed 1 cm3. Neutral-buffered formalin and 
seawater Davidson's fixative are formaldehyde-based fixatives commonly used in fish histopathology; generally, for 
electron microscopy, 3% glutaraldehyde in cacodylate buffer is used. When the possibility of immunohistochemistry 
studies is considered, it is desirable that the samples should not be kept more than 24–48 h in formalin. 
 

 
Figure 5. Cross-section of catfish gut. In both microphotographs, a normal intestinal wall fixed by formaldehyde and stained with 
hematoxylin-eosin can be observed. (A) A good histological sample showing the different tissues. (B) A bad histological sample due 
to a poor fixation process, showing autolysis and putrefaction of the intestinal mucosa. 

3. Light microscopy  

3.1 Rapid diagnostic tests 

These tests include scraping off, puncturing and squash preparation. These methods are suitable for the observation and 
identification of parasites [6], gill diseases and the presence of bacteria. In the case of parasites, these may be present in 
the mucus scrapings and quickly die after sampling [7]. Samples of mucus, epithelial tissues, squash preparations and 
punctures are mounted on a glass slide, and then may be colored or not with quick and simple techniques. By contrast, 
in blood samples, colorations such as May Grünwald/Giemsa or Wright’s stain should be made. 

3.2 Routine techniques 

Routine tests may be performed using culture media or histological methods. As mentioned above, with cotton swabs, 
samples of the affected areas are obtained and placed in a suitable culture medium for cultivation and subsequent 
diagnosis. 
 Histological techniques are used to visualize and identify microscopic structures enhanced by means of stains. Thus, 
the evaluation of histological sections of diseased tissue by light microscopy is considered an essential tool to arrive at a 
diagnosis. The main staining technique used in routine examination of histopathological damage caused by injuries is 
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coloration with hematoxylin and eosin (Fig. 5A); other stains, such as trichrome techniques (Fig. 6A), are also 
commonly used [8]. However, there are many other staining techniques that may be used to selectively stain cells and 
cellular components. The choice of technique will depend on the specific components that are being looked for in 
tissues. 

 
Figure 6. Microphotographs of the same intestinal wall of a catfish obtained with different techniques can be observed. (A) 
Trichrome stain to highlight the collagen fibers; (B) PAS/hematoxylin for neutral glycoconjugate observation; (C) Alcian blue, 
allowing glycoconjugate and acid glycosaminoglycan identification; (D) lectinhistochemistry to identify residues of sugars present in 
glycoconjugates; and immunohistochemical characterization of the intestinal wall with anti-Na+/K+-ATPase-labeled enterocytes (E), 
and also with anti-PCNA (F), showing labeling in the enterocyte nuclei. 

3.3 Histochemical staining 

The importance of these techniques lies in their ability to locate, identify and differentiate variations in the cellular 
carbohydrate sequence with great sensitivity and specificity, as they can discriminate different cell populations [9]. A 
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wide variety of histochemical stains may provide important information about many physiological and pathological 
processes in tissues; each of these can help identify particular structures. In fish pathology, specific histochemical 
techniques, such as PAS/H (Fig. 6B), Alcian blue (Fig. 6C) and lectinhistochemistry (Fig. 6D), are used. This last 
technique is based on the use of lectins, proteins that make it possible to recognize the saccharides that form part of 
glycoproteins and glycolipids [9]. The bonding between saccharides and lectins is detected by systems that rely on the 
activation of chromogens, such as diaminobenzidine [10], similar to the ones used in immunohistochemistry (see 
above). In fish, the use of this technique is common in research [11, 12], but references to its use as a diagnostic 
technique cannot be found. In mammals, some lectins are useful for the recognition of endothelial cells for clinical 
diagnosis and research [13, 14]; however, there are no similar studies in fish. 
 Nevertheless, many other staining techniques are used to selectively stain cells and cellular components. The choice 
of technique will depend on the specific components that are being sought in tissues, e.g., a special bacteriological stain, 
such as Ziehl-Neelsen (Fig. 7A) or Perls' staining to identify pigments (Fig. 7B). 

 
Figure 7. Special stain techniques, such as (A) Ziehl-Neelsen to identify bacteria (section of the intestinal wall), and (B) Perls' 
staining to identify pigments (section through the kidney). 

3.4 Decalcification methods 

Decalcification is a common technique used in processing ichthyological samples. Through this process, the inorganic 
constituents (calcium salts) are separated from the mineralized collagen matrix. It is used in whole animal samples if 
they are small in size (Fig. 8), or in samples containing bones, skin plates, fin rays or scales. Decalcification allows 
samples to be subjected to some of the above-mentioned techniques for light microscopy. 
 Descaling may be performed by the immersion of the samples in acidic solutions, solutions with chelating agents or a 
mixture of both. For the selection of the descaling agent, the degree of mineralization of the sample must be taken into 
account. Hydrochloric and nitric acids are strong acids commonly used in 5–10% concentrations in aqueous solutions; 
these acids have the disadvantage of requiring extensive monitoring during the descaling and may affect subsequent 
staining. The advantage is that they allow a quick decalcification in a few hours, even in large specimens like 
Characiformes or Perciformes, or in highly mineralized skin plates, such as the ones that can be observed in 
Siluriformes. Formic, acetic and picric acids are weak acids commonly used in the laboratory. The first one is the only 
acid used in pure form for descaling. Acetic and picric acids are components of Carnoy's, Bouin's and Zenker's 
solutions [15], usually used in small, fragile or poorly mineralized samples with a dual purpose, for fixing and 
descaling. 
 Chelating agents are organic chemical compounds that have the ability to bind on metal ions, such as Ca2+ or Mg2+. 
These include ethylenediaminetetraacetic acid (EDTA), which is the agent usually used in laboratories because it does 
not affect soft tissues or the staining. The only disadvantage is that the descaling process can take a few weeks, 
depending on the size or hardness of the sample. 
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Figure 8. Cross-section of a small fish; a decalcification process was carried out to subsequently stain it with hematoxylin-eosin 
(left) or trichrome technique (right). 

3.5 Immunohistochemistry 

Immunohistochemistry (IHC) techniques are a group of procedures that use the antigen-antibody reaction to recognize a 
molecule in a tissue. The observation may be undertaken with a light microscope or with a fluorescence microscope. 
 IHC has some advantages; for example, it allows the examination of fish morphology and it can be done in a 
histology laboratory with relatively simple equipment. However, it has some major complications, since many antigens 
are lost with fixing; so, short fixation times are required and, in many cases, the use of techniques to recover these 
antigens by procedures either chemical (use of enzymes) or physical (high temperature, ultrasound, etc.) [16, 17]. Also, 
when working with fish tissues, it creates new complications. Many of the specific epitopes have a high variation 
between taxa. Even those produced for use in a mammal species (e.g., human, mouse) cannot be used for other 
mammals; it is even more unlikely for them to work in fish. It may even be the case that while one epitope may work in 
a species of fish, it may not be used in another. On the other hand, some antigens are highly conserved phylogenetically: 
for example, the proliferation cell nuclear antigen (PCNA) may be used in a great diversity of organisms, including 
mammals, birds, fish and invertebrates. This is a very useful marker in fish cell proliferation (Fig. 6E). In other cases, 
specific antibodies have been generated for fish; for example, certain cell types involved in ion transport can be 
recognized by using specific antibodies (e.g., anti-Na-K-ATPase for teleosts) (Fig. 6F) [18]. 
 The applications of IHC in fish disease diagnosis—as it occurs with other animal taxa—are manifold, as it identifies 
the recognition site of disease-producing agents. In the case of some diseases of fish of economic importance, Evensen 
and Rimstad [19] developed a protocol to recognize pancreatic necrosis virus infections in paraffin-embedded tissues of 
Atlantic salmon. Previously, by immunofluorescence technique, the presence of the virus was recognized, but without 
observing the injuries. IHC allowed them to identify the presence of the virus in damaged cells of the exocrine pancreas. 
Also, specific monoclonal antibodies were developed to detect important bacteria in salmon farming, such as 
Renibacterium salmoninarum (agent of kidney disease) and mycobacteria [20]. In aquarium fish, IHC has also been 
used to detect the presence of infectious agents. An interesting example is the work of Zerihun et al. [21], who 
determined the presence of mycobacteria in granulomas of different species of teleosts, including aquarium fishes. In 
recent years, IHC has been used for tumor diagnosis in fish from aquariums and farms, e.g., multicentric myxoma in 
European eels [22], olfactory neuroblastoma and schwannoma in goldfish [23, 24], and dysgerminoma in an orange-
spot freshwater stingray [25]. In addition, different antibodies are being used for the diagnosis and prognosis of 
hyperplastic and tumor diseases in chondrichthyes [26] and catfish [27]. Finally, IHC has also been important for the 
study of other diseases, such as cardiomyopathies in salmonids [28] or liver disease in rainbow trout [29]. 

4. Electron microscopy 

Electron microscopy (EM) is a valuable tool in basic research and teaching, and it remains the only technique that 
allows us to visualize cellular and tissue ultrastructure [18, 30]. At present, EM has an important role in some types of 
pathology, e.g., in the diagnosis of symptoms of cell intoxication [31]; both scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) are useful in such evaluations [32]. Qualitative and quantitative changes in 
cellular organelles, fibrils, microvilli and intercellular junctions reflect hyperplasia, metaplasia or dysplasia of the cell, 
and may enable the identification of diseases [33]. 
 However, despite the fact that it is a great tool for the identification and characterization of viruses, bacteria, protozoa 
and fungi, EM cannot replace the information obtained with conventional light microscopy [34]. Therefore, its use in 
diagnosis is limited, either for strategic reasons or budget constraints. Its main value, though, is as an ancillary tool to 
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complement, support, or confirm data obtained with light microscopy, cytogenetics and molecular biology, among 
others, and make a correct diagnosis. 
 SEM allows for the observation of alterations on the cell surface (Fig. 9) and TEM (Fig. 10) shows alterations in the 
number of organelles and loss of nuclear integrity. These findings in EM add to the understanding of the light 
microscopic images that are the mainstay in histopathology.  
 

 
Figure 9. Scanning electron photomicrographs of catfish gill. (A) Normal organ in which rows of primary filaments showing 
secondary lamellae on each side can be observed. (B) Abnormal organ, with a marked absence of primary filaments. 
 

 
Figure 10. Transmission electron photomicrographs of catfish kidney. (A) Cell of the first portion of the proximal tubule with the 
apical brush border and numerous mitochondria distributed all over the cytoplasm. (B) Cell of the first portion of the proximal tubule 
in which the apical brush border cannot be observed and the cytoplasm has scarce mitochondria. 

5. Molecular techniques 

The recent progress reached in molecular biology has given an impulse to the adaptation and development of new 
technologies applied to disease diagnosis in aquaculture. These techniques offer unquestionable advantages over other 
conventional methods. First, the speed, high sensitivity and specificity of the process, offering the possibility of 
identifying microorganisms of slow, difficult growth or that cannot grow in vitro, even detecting small amounts in 
samples or tissues of various origins. However, despite the fact that diagnostic methods based on molecular biology 
have been increasingly incorporated into all areas of pathology, in most cases they are used mainly as complementary 
tools to evaluate the risk of acute diseases or in their early diagnoses, and these cannot replace the conventional tests 
required in a final report [35]. 
 Polymerase chain reaction (PCR) is an effective procedure for generating large quantities of a specific DNA 
sequence in vitro, being the most widely used in diagnosis. PCR reactions make use of the physicochemical properties 
of DNA in response to temperature changes.  
 Several kinds of PCR have been developed. A variant of PCR used to quantify mRNA is the reverse transcription 
polymerase chain reaction (RT PCR); in this method, an RNA template is, using a reverse transcriptase, converted into 
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a complementary DNA (cDNA) and later amplified. It is frequently used in expression pattern analysis for the 
identification of infections and diseases. 
 Another variant of PCR is random amplified polymorphic DNA (RAPD), which is based on the amplification of 
target genomic DNA with single arbitrary chosen primers; these can pair to a template with only two or more 
complementary sites. This technique does not require previous knowledge of the target sequence because DNA 
polymorphisms are detected based on the observation of the different amplified band patterns after electrophoresis. An 
alternative tool for genetic mapping is restriction fragment length polymorphism (RFLP) analysis. It is applied to 
specific nucleotide sequences in DNA that are recognized and cut by restriction enzymes whose band patterns are also 
visualized and analyzed by gel electrophoresis. These methods are valuable in epidemiological studies to identify 
individual strains and for the differentiation of closely related strains. Finally, other molecular tools used for diagnosis 
based on amplification of DNA are nucleic acid sequence-based amplification (NASBA) and loop-mediated isothermal 
amplification (LAMP) [36]. 

6. Atomic-absorption spectrophotometry 

Heavy metals are found in low concentrations in the environment, some of them are even essential for organisms. 
However, due to natural or anthropogenic causes, the concentrations of these elements may increase, becoming toxic 
metals because of their negative effects [5, 37]. 
 In aquatic environments, toxic metals are combined with organic compounds present in the sediments or in water 
ions, and enter the successive links in the food chain, where processes of bioconcentration, bioaccumulation and 
biomagnification occur [38]. Therefore, the periodic analysis of the pollution levels in tissues of vertebrates and 
invertebrates may identify risk areas [5, 39, 40]. 
 In recent years, the atomic absorption spectrophotometry technique has been incorporated into the study of 
ichthyopathology samples. The aim of this technique is to determine the concentrations of toxic metals in target organs 
and tissues, such as liver, kidney and muscle, allowing the quantitative analysis. According to the methodology 
proposed by Woody and Van Vleet [41], the samples are fractionated into sub-samples, and processed using a spray 
flame, where ions and atoms are excited by heat, producing molecular, atomic and ionic emission spectra. For the 
detection of each element, a filter and a different source of radiation can be used; however, most equipment uses 
ultraviolet/visible monochromators that allow the detection of many elements [42]. 
 The main advantages of using this method are its high sensitivity, speed of analysis and ease of operation. On the 
other hand, it has the disadvantages of using a destructive method of analysis, the need for benchmarks and that, as it is 
very specialized equipment, its conservation will depend on the quality of the surrounding environment and power 
supply. 

7. Summary  

In this paper, the main sample preparation techniques used in ichthyopatological diagnosis are described. As mentioned 
above, the choice of technique primarily depends upon the specific components that we are looking for in tissues and 
organs. 
 The importance of fish medicine, which is useful for both production and pet fish operations, determines that most of 
the modern techniques used in veterinary sciences may be applied to fish medicine diagnosis in order to identify causes 
of a disease. These techniques are very different and they include rapid diagnostic tests, routine and specific 
histomorphological techniques, molecular analysis and atomic absorption spectrophotometry. All of these can provide 
qualitative and quantitative information on disease properties, including the morphology, surface texture, pathogen 
identification, concentration and distribution of toxic metals. 

Acknowledgements We would like to thank Rubén Mario for this technical work, Martín Montes for his contribution, and 
Magdalena Ponce for reading the MS. The support by National University of La Plata is gratefully acknowledged.  

References 
[1] Weber ES 3rd, Blanc G, Hedrick RP. Essential veterinary education in fish health and disease: a global perspective. Revue 

Scintifique et Technique de l’OIE. 2009;551-558. 
[2] Stoskopf MK. General Medicine. In: Saunders Company 4th ed. Fish medicine. Philadelphia; 1993. p. 1-220. 
[3] Shäperclaus W. Routine examination of the skin, gills and internal organs. In: Shäperclaus W, Kulow H, Schreckenbach K 

editors. Fish Diseases. Rotterdam: Balkema; 1992. p. 61-66. 
[4] Huang BQ, Yeung EC. Chemical and Physical Fixation of Cells and Tissues: An Overview. In: Yeung EC, Stasolla C, Sumner 

MJ, Huang BQ editors. Plant Microtechniques and protocols. Switzerland: Springer; 2015. p. 23-44. 

Microscopy and imaging science: practical approaches to applied research and education (A. Méndez-Vilas, Ed.)

278

___________________________________________________________________________________________



 

 
 

[5] Panebianco MV. Análisis de los niveles de metales pesados (Pb, Cu, Cr, Zn, Ni y Cd) y aspectos reproductivos del delfín 
franciscana (Pontoporia blainvillei) [Internet]. Buenos Aires: Biblioteca Digital FCEN-UBA; 2011[cited 2016 Nov 9]. 
Available from: digital.bl.fcen.uba.ar/Download/Tesis/Tesis_4953_Panebianco.pdf.  

[6] Plaul SE, Montes MM, Barbeito CG, Martorelli S. Morphological aspects and histological effects of the attachment organ of 
Parabrachiella sp. (Copepoda: Lernaeopodidae) on the grey mullet Mugil liza Valenciennes, 1836. Journal of Fish Disease. 
2013;36:853-859.  

[7] Johnson EL, Hess RE. Fancy Goldfish: Complete Guide to Care and Collecting. Shambhala Publications Incorporated; 2001. 
p. 176. 

[8] Montes MM, Plaul SE, Martorelli S. A new species of philometrid parasite (Nematoda, Philometridae) and histopathological 
lesions in the juvenile whitemouth croakers, Micropogonias furnieri (Desmarest). Journal of Fish Disease. 2016;39:1053-1059. 

[9] Galotta JM, Márquez SG, Zanuzzi CN, Gimeno EL, Barbeito CG. Lectin binding pattern of intestinal goblet cells in horse, pig 
and rabbit. Animal Biology Journal. 2009;1:49-58. 

[10] Gimeno EL, Barbeito CG. Glicobiología, una nueva dimensión para el estudio de la biología y la patología. Anales Academia 
de Agronomía y Veterinaria. 2004;58:1-34. 

[11] Danguy A, Decaestecker C, Genten F, Salmon I, Kiss R. Applications of lectins and neoglycoconjugates in histology and 
pathology. Acta Anatomica. 1998;161:206-218.  

[12] Plaul SE, Barbeito CG, Díaz AO. Histochemical differences along the intestine of Corydoras paleatus (Siluriformes, 
Callichthyidae). Revista de Biología Tropical. 2016;64:343-356.  

[13] Motta C, Grosso C, Zanuzzi C, Molinero D, Picco N, Bellingeri R, Alustiza F, Barbeito C, Vivas A, Romanini MC. Effect of 
Sildenafil on pre-eclampsia-like mouse model induced by L-name. Reproduction in Domestic Animals. 2015;50(4):611-616. 

[14] Diessler ME, Castellano MC, Massone AR, Portiansky EL, Allende MG, Idiart JR, Gimeno EJ. Cutaneous lymphangiosarcoma 
in a young dog: Clinical, anatomopathological and lectinhistochemical description. Journal of Veterinary Medicine Series A: 
Physiology Pathology Clinical Medicine. 2003;50:452-456. 

[15] Sterchi DL. Bone. In: Suvarna SK, Layton C, Bancroft JD editors. Theory and Practice of Histological Techniques. Bancroft’s. 
Churchill Livingston: Elsevier; 2013. p. 318-352. 

[16] Ramos-Vara JA. Technical aspects of immunohistochemistry. Veterinary Pathology. 2005;42(4):405-426. 
[17] Ramos-Vara JA, Miller MA. When tissue antigens and antibodies get along: revisiting the technical aspects of 

immunohistochemistry-the red, brown, and blue technique. Veterinary Pathology. 2014;51(1):42-87. 
[18] Plaul SE, Pastor R, Díaz AO, Barbeito CG. Immunohistochemical and ultrastructure evidences for functional organization 

through the Corydoras paleatus intestine. Microscopy Research and Technique. 2016;79:140-148. 
[19] Evensen O, Rimstad E. Immunohistochemical identification of infectious pancreatic necrosis virus in paraffin-embedded tissues 

of Atlantic salmon (Salmo salar). Journal of Veterinary Diagnostic Investigation. 1990;2:288-293. 
[20] Adams KN, Takaki K, Connolly LE, Wiedenhoft H, Winglee K, Humbert O, Edelstein PH, Cosma CL, Ramakrishnan L. Drug 

tolerance in replicating mycobacteria mediated by a macrophage-induced efflux mechanism. Cell. 2011;145:39-53. 
[21] Zerihun MA, Hjortaas MJ, Falk K, Colquhoun DJ. Immunohistochemical and Taqman real-time PCR detection of 

mycobacterial infections in fish. Journal of Fish Diseases. 2011;34:235-246. 
[22] Gjurčević E, Kužir S, Sfacteria A, Drašner K, Marino F. Spontaneous multicentric myxoma of the dermal nerve sheaths in 

farmed European eels Anguilla anguilla. Diseases of Aquatic Organisms. 2014;111:173-176. 
[23] Vigliano FA, Marcaccini AJ, Sarradell J, Bermúdez R,Quiroga MI. First description of an olfactory neuroblastoma in goldfish 

Carassius auratus: a case report. Diseases of Aquatic Organisms. 2011;96:61-68. 
[24] Sirri R, Diana A, Scarpa F, Brachelente C, Vitellozzi G, Ceredi L, Mandrioli L. Ultrasonographic and pathologic study of 

schwannoma in a Goldfish (Carassius auratus). Veterinary Clinical Pathology. 2015;44:586-591. 
[25] Jafarey YS, Berlinski RA, Hanley CS, Garner MM, Kiupel M. Presumptive dysgerminoma in an orange-spot freshwater 

stingray (Potamotrygon motoro). Journal of Zoo Wildlife Medicine. 2015;46:382-385. 
[26] Borucinska JD, Schmidt B, Tolisano J, Woodward D. Molecular markers of cancer in cartilaginous fish: Immunocytochemical 

study of PCNA, p-53, myc and ras expression in neoplastic and hyperplastic tissues from free ranging blue sharks, Prionace 
glauca (L.). Journal of Fish Disease. 2008;31:107-115. 

[27] Sakamoto K, Randall White M. Dermal melanoma with schwannoma-like differentiation in a brown bullhead catfish (Ictalurus 
nebulosus). Journal of Veterinary Diagnostic Investigation. 2002;14:247-250. 

[28] Wiik-Nielsen J, Løvoll M, Fritsvold C, Kristoffersen AB, Haugland Ø, Hordvik I, Aamelfot M, Jirillo E, Koppang EO, Grove 
S. Characterization of myocardial lesions associated with cardiomyopathy syndrome in Atlantic salmon, Salmo salar L., using 
laser capture microdissection. Journal of Fish Disease. 2012;35(12):907-916. 

[29] Arana S, Alves VA, Sabino M, Tabata YA, Nonogaki S, Zaidan-Dagli ML, Hernandez-Blazquez FJ. Immunohistochemical 
evidence for myofibroblast-like cells associated with liver injury induced by aflatoxin B1 in rainbow trout (Oncorhynchus 
mykiss). Journal of Comparative Pathology. 2014;150(2-3):258-265. 

[30] Lloreta-Trull J, Ferrer L, Ribalta T, Pavesi M, Serrano S. Electron microscopy in pathology articles: a retrospective appraisal. 
Ultrastructural Pathology. 2000;24:105-108. 

[31] Kammenga JE, Dallinger R, Donker MH, Kohler HR, Simonsen V, Triebskorn R, Weeks JM. Biomarkers in terrestrial 
invertebrates for ecotoxicological soil risks assessment. Reviews of Environmental Contamination & Toxicology. 2000;164:93-
147. 

[32] Fontanetti CS, Christofoletti CA, Pinheiro TG, Souza TS, Pedro-Escher J. Microscopy as a tool in toxicological evaluations. In: 
Méndez-Vilas A, Díaz J editors. Microscopy: Science, Technology, Applications and Education. Spain: formatex Research 
Center; 2010. p. 1001-1007. 

[33] Wang NS. Applications of electron microscopy to diagnostic pulmonary pathology. Human Pathology. 1983;14:888-900. 
[34] Juanpere-Rodero N. Aplicaciones diagnósticas de la microscopía electrónica en patología. [Internet]. España: Sociedad 

Española de Anatomía Patológica SEAP-IAP; 2013[cited 2016 Nov 14]. Available from: 
https://www.seap.es/documents/228448/526905/02_Juanpere.pdf. 

Microscopy and imaging science: practical approaches to applied research and education (A. Méndez-Vilas, Ed.)

279

___________________________________________________________________________________________



 

 
 

[35] Sachse K. Specificity and performance of diagnostic PCR assays. In: Sachse K, Frey J.editors. Method in molecular biology: 
Vol. 216. PCR Detection of Microbial Pathogens. Humana Press; 2003. p. 1-29.  

[36] Adams A, Thompson KD. Advances in diagnostics methods for mollusc, crustaceans and finfish diseases. In: Austin B editor. 
Series: Woodhead Publishing Series in Food Science, Technology and Nutrition: Vol. 231. Infectious disease in 
aquaculture: Prevention and control. Cambridge; 2012. p. 129-142. 

[37] Giordano R, Musmeci L, Ciaralli L, Vernillo I, Chirico M, Piccioni A, Costantini S. Total contents and sequential extractions of 
mercury, cadmium, and lead in coastal sediments. Marine Pollution Bulletin. 1992;24:350-357. 

[38] Ponce-Velez G, Botello AV. Aspectos geoquímicos y de contaminación por metales pesados en la laguna de Términos, 
Campeche. Hidrobiología. 1991;1:1-10. 

[39] Holden AV. Pollutants and seals-A review. Mammal review. 1978;8:53-66. 
[40] Márquez A, Senior W, Fermín I, Martínez G, Castañeda J, González A. Cuantificación de las concentraciones de metales 

pesados en tejidos de peces y crustáceos de la Laguna de Unare, estado Anzoátegui, Venezuela. Revista Científica. 
2008;18(1):73-86. 

[41] Woody CM, Van Vleet ES. Cooper, cadmium and zinc in the liver, kidney and muscle tissues of bottlenose dolphins (Tursiops 
truncates) stranded in Florida. Marine Pollution Bulletin. 1996;32(12):886-889.  

[42] Skoog DA, Holler FJ, Nieman TA. Atomic absorption and atomic fluorescence spectrometry. In: Harcourt Brace 5th ed. 
Principles of instrumental analysis. Philadelphia; 1998. p. 219-230.  

 

 

Microscopy and imaging science: practical approaches to applied research and education (A. Méndez-Vilas, Ed.)

280

___________________________________________________________________________________________




