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Response of Fish Following an Encounter 
with a Pathogen 

Fish Contacts Pathogen 

Innate Immunity 

Failure (Disease 
and Death) Initiation and Instruction of 

the Specific Immune Response 

Success (No Disease 
or Infection) 

Humoral Response 
(Extracellular Pathogens 
and Toxins) 

Cell-Mediated Immune 
Response (Intracellular 
Pathogens and Viruses) 



Natural Immunity and Disease 
Resistance 

 • Mucus and skin:  natural barriers, has molecules with 
immune actions: 

– Lysozyme 

– Complement 

– Natural antibodies (Ab) 

– Specific antibodies tentatively reported in mucus. mucus 
immunoglobulin elevated after exposure to bacteria. 

 

 

 



Natural Immunity and Disease 
Resistance 

 

Non-specific immune cells 

 

• Monocytes and tissue macrophages:  most important cells in 

immune response, produce cytokines, primary cells involved in phagocytosis 

and first killing of pathogens upon first recognition and subsequent infection.  

 

• Neutrophils:  primary cells in early stages of inflammation, neutrophils 

produce cytokines to recruit immune cells to damaged or infected area; 

neutrophils are phagocytic and kill bacteria by extracellular mechanisms 

 

• Natural killer cells:  use receptor binding to target cells and lyse them; 

important in parasitic and viral immunity. 



Natural Immunity and Disease 
Resistance 

Nonspecific Humoral Molecules:   

Molecule Composition Mode of Action 

Lectins Specific sugar-binding 

proteins 

Recognition, precipitation, 

agglutination 

Lytic enzymes Catalytic proteins 

lysozyme, etc. 

Hemolytic and antibacterial 

activity 

Transferrin/lactoferrin Glycoprotein Iron binding 

Ceruloplasmin Acute-phase protein Copper binding 

C-reactive protein Acute-phase protein Activation of complement 

Interferon protein Resistance to viral infection 



Natural Immunity and Disease 
Resistance 

1. Phagocytosis:  most primitive of defense mechanisms, 
occurs in stages 

 Movement by chemotaxis (directional) or chemokinesis (non-
d) of phagocytes in response to foreign object 

 Attachment via lectins. 

 Engulfment of the foreign agent (simple movement into the 
phagocyte) 

 Killing and digestion 



Natural Immunity and Disease 
Resistance 

2. Inflammation: 

 

3. Complement:  consists of 20 or more chemically different serum 

proteins + glycoproteins having enzyme function originally named 
“complement” because it was considered a biological substance 
complementing the action of antibody.  

 

• Action:  clears antigenic molecules, immune complexes, participates in 
inflammation and phagocytosis 



Fish Immune System 

• Most important immunocompetent organs:  thymus, kidney (head, 
trunk), spleen and liver 

 

• Thymus:  develops T-lymphocytes (helpers, killers; similar to other 
vert’s) 

 

• Kidney:  important in both immunity and hematopoiesis, site of 
blood cell differentiation 

– Early immune response handled by entire kidney 

– With maturity, anterior used for immune response; posterior for blood 
filtration, urinary activities 

– Blood flows slowly through kidney and antigens are “trapped” or exposed to 
reticular cells, macrophages, lymphocytes 

– Anterior is where “memory” occurs. 

 



Fish Immune System 

• Spleen:  secondary to kidney, involved in immune reactivity and blood cell 
formation, contains lymphocytes and macrophages 

 

 

 

• Liver:  could be involved in production of components of the complement 
cascade, important in resistance; not real clear 

 

 

 

 



 

Immune Response 



Humoral Immunity in Fish 

• The antibody response to foreign antigens 

 

• Fish posses B-cells (surface immunoglobulin-positive cells), similar 
to mammals in structure. 

 

• Surface IgM of B-cells serves as receptor for antigen recognition and 
is of same specificity as the antibody molecule that will be produced. 

 

• Unlike crustaceans, fish possess immunologic memory. 

 

•  Their primary and memory response both use the same IgM 
molecule, with eight antigen binding sites, a potent activator of 
complement 



Cell-Mediated Immunity in Fish 

• Used to eliminate intracellular pathogens (e.g., bacteria, virus, 
parasites). 

 

• Relies on contact of the foreign invader with the subsequent 
presentation of an antigen having the same major 
histocompatability complex (MHC I or II) to T-helper cells. 

   

• Once T-helper cells are stimulated, the produce cytokines that 
result in stimulation of effector cells (cytotoxic lymphocytes) or 
macrophages 

 

• Cytokines stimulate aforementioned cells and also recruit new cells 
to the area, activate them 



Factors Influencing Disease Resistance and Immune 
Response of Fish 

General Specific 

Genetics Individuals may exhibit differences in innate resistance 

and acquired immunity 

Environment Temperature, season, photoperiod 

Stress Water quality, pollution, density, handling and transport, 

breeding cycles 

Nutrition Feed quality and quantity, nutrient availability, use of 

immunostimulants, antinutritional factors in feeds 

Fish Age, species or strains 

Pathogen Exposure levels, type (parasite, bacterial, viral), virulence 

1From Shoemaker et al.,2001. Immunity and disease resistance in fish. In: Nutrition and 
Fish Health (Ed.: Lim, C., Webster, C.D.). Food Products Press, NY. Pgs 149-162. 



 

Stress 

 

 

Nutrition 

 

 



 

 Piscinoodinium pillulare from gill scraps of 
tambaqui Colossoma macropomum. Pear-
shaped trophonts, rounded (arrowheads) and 
one dinospore (arrow). In detail, two parasites 
stained in Giemsa exhibiting oval to rounded 
nucleus with the absence of micronucleus.  



Protozoa Life Cycle 

 



Piscinoodiniosis (Freshwater Velvet Disease) 

 

 



Trypanosomatids 

 

A1. Trypanosomes: shape; single flagellum directed anteriorly. A2. Trypanoplasm: pleomorphic 
shape; two flagella, one directed anteriorly, the other (R = recurrent flagellum) directed 
posteriorly. The recurrent flagellum forms a characteristically wide, wavy, undulating 
membrane; these organisms are highly similar to Cryptobia .  
 



 

Ichthyobodosis (Costiasis) 
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Cryptobiosis 



 



 

Hexamitosis 



 



 



Parasitic Disaeses 

• 2) Phylum Ciliophora (مژه داران) 

 



 

Ichthyophthiriosis 
(Ich Infection)  
 
 



Ich 
Infection 
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Chilodonellosis 
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Trichodinosis 
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Sessilina 

 

 



• 3) Phylum Sporzoa (هاگداران) 

 

• 4) Microsporidia 

 

• 5) Myxosporidia 

 

Parasitic Disaeses 



 

E. Individual microsporidian spores. 



Myxosomiasis 

 



• 2- Parasitic Metazoa (انگلهای پریاخته) 

 

• 1 ) Platyhelminthes (کرمهای پهن) 

 

• 1- Cestoda ( نواریکرمهای )   

Parasitic Disaeses 



 



Scolex 



Khawiose 

 



Ligula intestinalis 



Trypanorhyncha 



Bothriocephalus Life Cycle 

 



Bothriocephalus 



• 2- Termatoda ( برگی شکلکرمهای  ) 

 

*2-1- Monogenea 

 

 

 

Parasitic Disaeses 
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E. Wet mount of a heavy dactylogyrid ( Cleidodiscus ) infestation ( arrows ) 
of channel catfish gills. P = primary lamella. F. Wet mount of a typical dactylogyrid 
monogenean ( Cleidodiscus ) attached to gill. 



• * 2-2- Digenea 

 

Parasitic Disaeses 



Digenea Life cycle 

 



Diplostomum spathaceum Life cycle 



Diplostomum spathaceum 



Diplostomum spathaceum 

 



Clinostomum 

 



Posthodipllostomum 

 



2) Nematode/Round worm 

• Anisakis  



Anisakis  

C. Liver of Atlantic cod with encysted, anisakid, 
nematode larvae. Each larva ( arrows ) is curled 
and in a capsule. 

Anisakis simplex ( AS) 



Philometra 

• Adult red worm ( Philometra sp.) 



• 3) Acanthocephala  (کرمهای سرخاردار)  

Parasitic Disaeses 



Acanthocephala 

Corynosoma 

Pomphorhynchus 
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4) Annelida (کرمهای حلقوی)  

• Piscicola geometra 



• 1- Crustacea (سخت پوستان) 

 

• 2- Glochida نرم تن دو کفه ای گلوچیدا 

 

• 3- Polypodium (انگل مرجانی شکل) 

 

• 4- Lampery 

 

Parasitic Disaeses 



Lernaea 

 

 

Lernaeid type: mature female (∼5 – 
25mm), long thin body, vestigal 
appendages, head with anchors (A). 
 



Lernaea 

 

F. Anchor worm (Lernaea cruciata) infection of a largemouth bass. The head of the 
parasite is embedded under the skin while the body (P) with egg sacs protrudes. 
Note the  hemorrhage (arrow) where the parasite enters the fish. PF = pectoral fin. 
 



Argulus 

 

 



Isopoda 

 

Speckled sea louse, an intertidal marine isopod from the Belgian Coast 2005. Note 
the chromophores which give the sea louse its typical speckled appearance. Camera 
mounted on a Zeiss Stemi C-2000 binocular microscope. Length: ~4 mm. 



Glochidia 

 

D. Glochidia infestation (arrows) of the gills of a fish. 
 



Polypodium hydriforme 

 



Lampery (مار ماهی دهان گرد) 



Fungal Diseases 



 

Saprolegnia 



Saprolegnia 



 



• Branchiomyces sanguinis ,  B. demigrans 

Branchiomycosis 



Branchiomycosis 

 



 

Ichthyophonosis 
Icthyophonus hoferi 



Dermocystidium 

 



Epizootic Ulcerative Syndrome 

 


