Fish Immunity by Chris Aslett

The immune system of fish is complex and
analogous to our own. Our immunity
likely evolved from fish’s (Scapigliati et al.
2018). The rudiments of mammalian and
fish immunity are explored below.
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Fig 1. Haematopoietic stem cell differentiation.

The mucosal surfaces of fish are flooded
with immunoglobulins (antibodies) and
parasite-degrading enzymes
(Subramanian et al. 2007; Perdiguero et al.
2019). Saltwater enzymes are twice the
concentration of those excreted by
freshwater fish (Subramanian et al. 2007).
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Fig 2. Immune cells.

Vertebrates are armed with two lines of
defence: the innate or inflammatory
response and the adaptive or cellular
response. The former is less specific,
reacting swiftly to foreign molecules.
Mammalian innate induction is faster than
fish’s (Tort et al. 2003). Molecular shape
recognition drives cellular immunity.
Unique configurations of sugars, proteins,
and lipids (fats) stimulate defence. Such
structures are referred to as epitopes
situated on antigens. The most
conspicuous and harmful of
immunological reactions is observed

throughout Gram negative bacteraemias
(Farhana & Khan 2022).
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Fig 3. An immunoglobulin (antibody).

Inflammatory roles include
dendrocyte/macrophage-mediated
infected tissue infiltration, and
antigen/antibody immune complex
engulfment (phagocytosis). The granules
of granulocytes with multilobed nuclei
readily retain histological stains (Fig 2.).
Neutrophils, eosinophils, basophils, and
monocytes are present in several fish, yet
others utilise merely one. Granulocytes
are manufactured in the kidney and
spleen. Neutrophils in some fish act as
macrophages, phagocytosing and killing
with oxidative bursts. Neutrophil-lacking
species rely on eosinophil antiparasitic
competence (Ainsworth 1992). Monocytes
discern between noxious and benign
microbes, engulfing and killing 40 times
more pathogens whilst protecting “good
bacteria” (El-Etr et al. 2001).

Some vertebrates are armed with
lymphatic systems — circulatory networks
of interconnected vessels adjoined with
lymph-filtering glands/nodes (Choi et al.
2012). Lymph comprises up to 50 percent
blood plasma, over 50 percent blood
proteins, gut-absorbed lipids, immune
cells, pathogen remains, and toxins
(Foskett et al. 2013). Fish do not have
lymph  glands. Instead, melano-
macrophage centres (MMCs) propagate B-



cells, degrade cellular toxins and facilitate
antigen presentation in the spleen (Kranz
1989; Agius & Roberts 2003; Lieschke &
Nikolaus 2009; Magadan et al. 2015;
Pavlov et al. 2017). Lymphocytes freely
drain from infected tissue into lymph
(Foskett et al. 2013).  Primitive
cartilaginous fish like sharks and rays lack
lymphoid tissue yet retain a secondary
circulatory network filled with blood.
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Fig 4.

Mammalian-like antibody responses have
been observed in six teleostean mucosa-
associated lymphoid tissues (MALTS):
gut-associated lymphoid tissue (GALT),
skin-associated lymphoid tissue (SALT),
gill-associated lymphoid tissue (GIALT),
nasal-associated lymphoid tissue (NALT),
and buccal/pharyngeal-associated
lymphoid tissue (B/PALT). Significant
antibody titres are detected around day 14
post-exposure, unquestionably within the
month (Yu et al. 2020).
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Fig 5. An inflammatory response-initiated immune system
and  pathogen-derived  small benign  tumour.
Mycobacterial infections are punctuated with granuloma.

Multiple epitope-specific antibodies are
generated for a single antigen, each arising
from distinct B-cell lineages. Polyclonal
serum comprises several immunoglobulin
types, whereas monoclonal contains
merely one.

Inflammatory responses are imprecise,
relying upon  pattern recognition
receptors, whereas adaptive immunity is
modulated by the ultra-precise antigen
recognition receptors of T- and B-cells (Fig
2.; Kumar et al. 1997; Krieg 2002).
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Fig 6. Induction of adaptive immunity.

Adaptive immunity is comparatively
intricate and protracted, culminating in
pathogen-incapacitating or immunogen-
sequestering immunoglobulins. Each
antibody carries two or more precisely
constructed paratopes corresponding
exactly to the shape of the target epitope.
Paratope and epitope become firmly
hydrophobically and electrostatically
bound (Fig 3.; Fig 4.; van Oss 2000; Tort et



al. 2003).

A plasma cell can generate hundreds to
thousands of antibodies per second (Allen
& Sharma 2022). Antibody production
occurs in fish kidney mesonephros
(Rijkers et al. 1981).

Polyclonal serum binds antigens causing
immune complex clumping (agglutination;
Almeida & Waterson 1969). Such
interactions discernible to the naked eye
became fundamental tools for pathogen
serotyping (Henriksen et al. 1978).
Immune complex phagocytosis is the
cornerstone of pathogen clearance (van
Lookeren Campagne et al. 2007; Rosales &
Uribe-Querol 2017).
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Fig 7. T-helper-mediated B-cell induction using the
cytokine interleukin (IL). Multiple genes encoding IL types
I and II have been identified in bony fish (Zou & Secombes
2016).

Cellular immunity exploits the activity of
B-plasma, B-memory, T-helper, T-killer
and T-natural killer lymphocytes (Tort et
al. 2003; Hitzfeld 2005; Mashoof &
Criscitiello 2016). Lymphocytes destroy
pathogens and infected cells using
reactive oxygen species or perforin and
granzyme (Fig 6.; Fig 8.). Fish exploit
thymus-propagated T-helper (T,; CD4%),
T-killer (Ty; cytotoxic T cells) and natural
killer-like cells (CD8), abundant in the
intestine and gills (Fischer et al. 2013;
Scapigliati et al. 2018).

Cellular immunity is subdivided into the
humoral response, defined as the
liberation of molecules, including
antibodies, into fluids (humors) such as

mucus, lymph, and blood (Magnadottir et
al. 2005). Antimicrobial peptides (AMPs)
in fish humors degrade bacteria, fungi and
viruses (Diamond et al. 2009; Shabir et al.
2018; Valero et al. 2019).

T-/B-cells have exterior immobilised
antibody receptors detecting cell-surface
and unbound antigens (Fig 2.; Fig 6.; Fig
7.). Host cell major histocompatibility
complex (MHC) class I molecules offer
pathogen-derived protein fragments to T-
cell receptors. Complementary
recognition triggers T-cell activation (Fig
6.; Fig 7.; Fig 8.; Janeway et al. 2001;
Mohd-Padil et al. 2010; Garrido et al.
2016).

T-killer (Ty) cells elicit preprogrammed
cell death (apoptosis) in genetically
insulted precancerous cells using access-
facilitating perforin and the serine
protease, granzyme (Fig 8.; Liu ef al. 1995;
Hlongwane et al. 2018). T-helper cells
release B-cell and macrophage-
coordinating signal cytokines. Phagocytic
macrophages eradicate infected cells,
protozoa, chromist and microbes using
reactive oxygen species (Nakanishi et al.
2015). The transmembrane macrophage
cytokine, tumour necrosis factor-alpha
(TNF-a), is released extracellularly by
metalloprotease cleavage. TNF-a induces
cellular necrosis in aberrant host cells
(Chau et al. 2004; Hong et al. 2013). Fish
lack TNF-f yet exploit TNF-a types I and
II (Laing et al. 2001; Hong et al. 2013).
Malignant chemotherapies are being
gradually replaced by immunostimulants
(Liu 2007; Yan 2018; Farolfi et al. 2019).
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Fig 8.

Viral infections promote the release of the
cytokine interferon (INF), halting viral
replication and triggering virion genome



intracellular degradation (Robertsen 2006;
Zhang & Gui 2012). Myxovirus resistance
(Mx) proteins comprise a large family of
guanosine triphosphatases (GTPases) that
assemble into macromolecular
inflammatory-stimulating defence
“machines” (Leong et al. 1998; Samuel
2001; Kochs et al. 2005; Tretina et al.
2019). Retroviruses (RNA viruses) are
potent elicitors of interferon (Sadler &
Williams 2008; Verhelst et al. 2013).
Cytotoxic T-cells require induction,
whereas natural killer cells retain
permanent destructive competence (Fig
8.).

Unlike mature mammalian red blood cells
(erythrocytes), fish erythrocytes are
nucleated. Teleost dendrocytes and
erythrocytes present foreign antigens on
MHC class II molecules, robustly
stimulating both arms of defence (Bassity
& Clark 2012; Puente-Marin et al. 2018;
Almeida et al. 2020).

Antibodies diminish after disease-causing
agents are purged. Otherwise, blood
would agglutinate. Lasting acquired
immunity is conferred by immunoglobulin
M* (IgM*) and B-memory cells. The latter
typically found in peripheral blood and the
spleen (Tort et al. 2003; Ma et al. 2013).
Fish B-cells are manufactured in the

anterior kidney (Lieschke & Nikolaus
2009). Their memory-retaining long-lived
plasma cells (LLPCs), challenge
preconceptions of lasting acquired
immunity (Rijkers et al. 1981; Wu et al.
2019). Immune memory  quickly
recognised reinfections, activating
antibody-manufacturing plasma cells that
rapidly overwhelm recurrent pathogens.

Immunoglobulins (Igs) IgD/W, IgNAR are
present in cartilaginous fish, whereas
teleosts produce IgM, IgD, and IgT/Z
(Mochida et al. 1994; Tort et al. 2003;
Gadus morhua et al. 2006; Rombout et al.
2014; Mashoof & Criscitiello 2016;
Piazzon et al. 2016; Perdiguero et al. 2019;
Khalid et al. 2022). Exclusively tetrameric
teleostean IgM monopolises extracellular
spaces and humors, including the gut, gill,
and skin mucosa (Kaattari et al. 1998). Its
specificity is imprecise compared to other
vertebrates, marking antigens with
phagocytosis-promoting opsonin
(Mochida et al. 1994; Tort et al. 2003; van
Lookeren Campagne et al. 2007; Mashoof
& Criscitiello 2016). The mucus-abundant
IgT (IgZ) is unique to teleosts and
analogous to mammalian IgA (Gomez et
al. 2014; Piazzon et al. 2016).

Understanding the above, we next explore
fish immunostimulation.
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