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Fish Immunostimulation

Chris Aslett

In my last article, we explored the rudiments
of fish immunity that readers will find
indispensable and foundational to what is
contained herein.

spiny dorsal fin

swim bladder

—_— spinal cord soft dorsal fin

caudal fin

pelvic fin )
pancicas reproductive

organ
stomach
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Chemotherapeutics must be used in fish-only
commercial export and retail systems. Such
milieux  ensure communicable diseases
proliferate rapidly to overwhelm the inhabitants
whilst carriers are added continuously. Many
efficacious fish remedies contain copper and
formalin which are hazardous to reef ecology and
must never be used in a reef. Ensure reefs remain
uncontaminated by retailers’ water.

No matter how diligently suppliers control
illness, upon occasion, diseased fish are added to
domestic reefs. If the system is designed correctly
and operates within parameters, sources of
stress are lacking. Stress exerts profound
deleterious effects on fish and their immunity,
long after the stressor has ceased (Price 1985;
Tomasso 1994; WendelaarBonga 1997; Bartelme
2003; Seoud et al. 2017). Promoting fish defence
must never be underestimated. It is central to
recuperation and wellbeing.

Here we explore efficacious, and upon
occasion miraculous, disease-mitigating
immunostimulants used in the distressing
surroundings of fish mariculture. They cannot
fail to increase the survivorship of infected reef
fish. However, immunostimulation is insufficient
to nullify the requirement for chemotherapeutics

in commercial ornamental fish-only systems.

Fig2. Top - a feshly defrosted cube of brine shrimp. Bottom - the
same cube after being left in air. It has oxidised, is nutritionally poor
and cannot be fed. Aslett©

Immunostimulants tend to be more effective
when formulated into feed or when
intraperitoneally injected. The latter approach is
only performed by qualified mariculture stock
persons or veterinary surgeons.

Remarkably fish vaccination or
immunostimulation occurs via immersion (Alabi
et al. 1999). Fish in concentrated solutions
internalise substances; however, reef capture is
stressful and not endorsed here. Brook trout
submerged in solutions of chitosan for 30
minutes became resistant to Aeromonas
salmonicida (Swicki et al. 1994)



When mindful of nutrient management, the
dietary route ensures minimal contamination of
recirculating  systems. Small  nutritional
inclusions use unflavoured gelatine food binders
and are administered in proportion to fish body
mass per day (Bartelme 2004b; Hemdal 2004).
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Fig 3. A drawing of Citrus bergamia, the flavouring of Earl Grey Tea
— a powerful immunostimulant. From the Omedos medicinal plant

collection drawn by David Price© and commissioned by Donald
Aslett.

Gelatine is typically dissolved in a small
amount of reverse osmosis water at around 70°C
(160°F) and allowed to cool to 43°C (110°F)
before folding into freshly defrosted frozen
gamma irradiated foods. Immunostimulants can
be dissolved into solvents such as water or strong
vodka and spritzed onto dried feeds (Hemdal
2020). Fresh water is beneficial for saltwater fish
because it aids osmoregulation.

Never feed wunirradiated/nonsterile fish,
shellfish and plankton. They contain live
parasites even when frozen (PFK 2019). Large
public displays have been contaminated with
pathogens after feeding thawed fish and shellfish
(OATA 2006).

When exposed to air, defrosted foods oxidise
becoming darker and must be discarded (Fig 2.).
Filling the stomachs of fish with oxidised food is
harmful because it prevents them from gaining
meaningful nutrition. Marine fish
osmoregulatory processes continuously expend
resources.

Research has discovered a relationship
between body shape, body length and body
weight (BW) in grams. Length (L) is measured in
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centimetres (cm) from the snout to the base of
the tail - the caudal peduncle (Fig 1.; Priestley et
al. 2006).

BW =alb

a and b are the fish-specific constant and the
exponent respectively (Priestley et al. 2006).
Values for a and b are merely available for food
fish. For example, a = 0.012475 and b = 3.085 for
groupers (Serranidae) 0.012475 x 103085 = ~15
grams (Gonzales et al. 2000). Search Google
scholar for fish family “a and b of the length-
weight relationship (LWR)”. In practice,
immunostimulation is not a defined art.
Inclusions must remain a minor component of
feeds whilst providing whole fish, shellfish and
plankton-based nutrition.

Fig 4. The false daisy (Eclipta alba).

Immunostimulants cannot be fed
continuously for extended periods because the
response is short-lived (Ortuno et al 1999;
Galindo-Villegas et al. 2006; Wilson 2008,
personal communication). Identify and acquire
several substances and use one per week. Some
may work better in combination
(synergistically).

It is advantageous to trick immunity into
thinking that the body has been infiltrated by a
pathogen. Such is the science behind
immunisation.

Unmethylated CpG motifs are cytosine and
guanine single-stranded DNA (ssDNA) repeats
found abundantly in bacteria but are absent in
vertebrates (Weiner et al. 1997; Kuramoto et al.
1992). CpG motifs robustly induce the
inflammatory response and promote the
dissemination of B- and natural killer-like (Tx)
cell-activating cytokines (Krieg 2002).

Fig 5. The European seabass, Dicentrarchus labrax.



Vitamin C (ascorbic acid) and allicin, the juice
from a freshly pressed clove of garlic, are popular
in the hobby and have proven efficacious
throughout post-infection recuperation.

Our immune system is very similar to that of
fish (Scapigliati et al. 2018). Naturally, we may
assume substances that prove efficacious for
humans may also be beneficial for fish.

Garlic powder fed to maricultured shrimps
and fish improved survival and performance
(Saleh et al. 2015; Labrador et al. 2016).

Innate immunity and survivorship of
seabream fry (Sparidentex hasta) were enhanced
when fed garlic, ginger, and thyme-enriched or
merely ginger-enriched feeds (Dugenci et al
2003; Jahanjoo et al. 2018). Analogous efficacy
was observed when feeding ascorbic acid-
fortified feeds (Ortuno et al. 1999).

Vitamin E and C averted mortalities of either
vitamin C or E-deficient striped bass (Morone
chrysops). Oxidative burst competence was
enhanced in the group fed vitamin E (Sealey &
Gatlin 2002).

Significant  improvements in  growth,
antioxidants, digestive enzymes, and innate
immunity were observed in fish fed cinnamon
nanoparticle-enriched feeds at 3 to 10 grams per
kilogram of body weight per day (Abdel-Tawwab
etal 2018).

Juvenile European seabass (Dicentrarchus
labrax; Fig 5.) fed 0.5 to 1 per cent bergamot peel
oil-supplemented feed exhibited greater vitality,
performance and immunity (Fig 3.; Wilson 2008,
personal communication; Acar et al. 2019).

Use only food grade genuine-source essential
oils manufactured by stream distillation or cold
press.

False daisy (Eclipta alba) extracts enhanced
immunity in freshwater fish (Fig 4.; Christybapita
et al. 2007). Tinctures of edible plants are made
by crushing the leaves, roots or flowers in a
pestle and mortar with high-purity ethanol. One
drop per millilitre (0.04 Fl oz) is typically a
suitable concentration to apply to feed. Plant
toxicity may be tissue type specific. For example,
the leaves of rhubarb are toxic whereas the stems
are edible.

Fluorine (F), iron (Fe) and vitamins A, B6, C,
and E are vital immune cofactors (Sakai 1999;
Suchner et al. 2000). Deficiencies lead to illness.

Merck® AQUAVAC® Ergosan® is a powerful
immunostimulant manufactured from Laminaria
digitata and Ascophyllum nodosum macroalgal
extracts. Diet supplementation, feed inclusion or
intraperitoneal injection prove efficacious
(Peddie et al. 2002).

Fish holobiont or mucosal microbiome
affiliates prove decisive in defence. Our current
understanding is somewhat lacking (Bentzon-

Tilia et al. 2016; de Bruijnlrene et al. 2018; Li et
al. 2017). Probiotics are rapidly becoming the
“go-to” therapies for fish and corals. They
maintain an optimal barrier by sustaining
mucosal surface health (Nayak 2010; Ringo et al.
2011).

Fig 6. The Japanese (olive) flound, Parichths [ivaceus.

Polysaccharide components of brown
microalgae are salts of alginic acid (alginate;
Singha et al. 2021). Like the cell surface
polysaccharides of fungi and gram-negative
bacteria, fish immunity regards beta-(f3)-glucans
as foreign, initiating a potent inflammatory
response (Ganguly et al. 2010). Yeasts, fungi and
alginate (-glucan extracts are significant immune
modulators (Bartelme 2004b; Galindo-Villegas &
Hosokawa 2004; Ringo et al. 2011; Alba et al
2019).

Fig 7. Brewer's yeast. Aslett©.

Lectins are cell-surface receptors of
neutrophils, T-cells, monocytes, and
macrophages. Lectin dectin-1 is the primary
receptor for f-glucans (Brown et al 2003;
Dennehy & Brown 2007; Meena et al. 2012).
Plant-derived lectins may confer pathogenic
resistance (Dam & Brewer 2010; Ringo et al
2011).



Brewer’s yeast is remarkable in many ways. It
is the deceased remnants of Saccaromyces
cerevisae used in brewing (Fig 7.). It is not
brewing/baking yeast or nutritional yeast
(Ferreira et al. 2010). It is readily available and
may be fed to fish and corals. It too is a source of
B-glucans and includes ribonucleic acid (RNA),
vitamins, minerals, and a rare biologically active
form of chromium (Scawarz & Mertz 1959;
Galindo-Villegas & Hosokawa 2004; Ferreira et
al. 2010). Its cell walls comprise proteins, chitin,
and mannoproteins - proteinaceous polymers of
mannose anchored to glycolipids, crosslinked
with glycans (Martinez et al. 1998; Wang et al.
2018).

Owww.tradewindsfruit.com
Fig 8. The soapbark tree, Quillaja Saponaria. Image courtesy of
https://www.tradewindsfruit.com®©.

Feeds may comprise up to 50 per cent
brewer’s yeast. Cellular disrupted forms are
more digestible, and fish gain weight more
readily whilst exhibiting improved vitality
(Oliva-Teles & Goncalves 2001). It may be fed
indefinitely in the absence of waning immunity. 2
per cent fortified feeds conferred resistance to
Streptococcus iniae, and a brewer’s yeast-derived
proprietary immunostimulant GroBiotic®-A,
stimulated lasting protective immunity against
Mycobacterium marinum (Li & Gatlin 2005).

The immunostimulant MacroGard® is a (-
glucan brewer’s yeast extract that has
demonstrated efficacy in aquaculture for over 35
years (Ringo et al. 2011). Likewise, B-1,3 glucan
is an effective primer of immunity (Bartelme
2003b; Sveinbjornsson & Seljelid 1994).

Brewer’s yeast contains nicotinic acid (NA),
nicotinamide (Nam), and nicotinamide riboside
(NR) - important dietary precursors of the
coenzyme nicotinamide adenine dinucleotide
(NAD*) and its phosphorylated counterpart
NADP+ They are used as signals, cofactors, and
substrates for various cellular processes
(Elhassan et al. 2017; Orlandi et al. 2020).

NAD* supports innate immunity, circadian
rhythm, DNA repair, signalling, REDOX reactions,
epigenetics, mitochondrial function, and energy
homeostasis (Srivastava 2016; Moon 2021). Its
presence helps maintain telomeres - long DNA
repeats at the end of chromosomes necessary to
prevent transcriptome erosion during mitotic
divisions. Therefore, it is said, NAD* prevents
premature ageing (Aman et al 2018; Moon
2021).

Brewer’s yeast human supplements may be
used for fish and corals. However, they are potent
organic carbon sources and may exert analogous
deleterious effects to those observed when
carbon dosing (Kline et al. 2006; Feldman 2008;
Hovanec, personal communication 2019). For
further guidance see The Complete Reef Aquarist
available from summer 2023
(https://www.reefranch.co.uk).

GRAM-NEGATIVE GRAM-POSITIVE

LS EET ST B RNE1 0
4 -~ Lipaproteins
" Peptidoglycan

— ~ Pedglasmic -~

space
MMHMME“ §EGEEEET > Coplasmic 7
3 membrane N
‘ Lipopalysaccharides U( Porin ’ Pratein

Fig 9. Gram-negative versus gram-positive bacterial cell surfaces.

Nucleotides are the basic building blocks of
DNA and enhance fish, mouse and human
immunity. They are manufactured systemically
in fish, yet immunity relies upon preformed
reserves. Nucleotide supplementation
circumvents lag by supporting continuous
exploitation (Low et al. 2003).

The gram-negative bacterium Edwardsiella
tarda causes the economically significant disease
ewardsiellosis of both fresh and saltwater fish (Li
etal. 2015). Dietary curdlan, quillaja saponin, and
formalin-killed bacteria increased survival of E.
tarda-challenged Japanese flounder
(Paralichthys olivaceus; Fig 6.; Ashida et al. 1999).
Curdlan is a linear polysaccharide thickener used
in the food industry, whereas quillaja saponin is
an extract of the soapbark tree (Quillaja
Saponaria; Fig 8.).

Much interferon (INF) type I is released
following intraperitoneal injections of CpG motifs
and the synthetic analogue of double-stranded
ribonucleic acid (dsRNA), polyinosinic-
polycytidylic acid (polyl:C; Kadowaki &
Antonenko 2001). CpG motif/polyl:C-induced
INF type I in rock bream (Oplegnathus fasciatus),
conferred lasting protective immunity against
ultra-virulent Megalocytivirus, and red sea bream
iridovirus (RSIV; Jung et al. 2017). Likewise
intraperitoneal polyl:C mitigated infections of




rock  bream iridovirus (RBIV) and
Megalocytivirus (Jung & Jung 2017).

The cell wall of gram-positive bacteria
comprises a thick layer of peptidoglycan. It is a
profound stimulator of immunity (Fig 9.; [tami et
al.  1996). 3 per cent Brevibacterium
lactofermentum-derived peptidoglycan was fed
at 2.5 percent body weight per day to Japanese
flounder. Continuous feeding demonstrated nil
efficacy; however, feeding on day 10 and 15
protected fish from gram-negative Edwardsiella
tarda (Itami et al 1996; Galindo-Villegas &
Hosokawa 2004; Galindo-Villegas et al. 2006).

Japanese flounder consumed the heat-killed
Bacillus species probiotic SJ-10 (HKBSJ-10) for
eight weeks. Fish exhibited resistance to
streptococcosis caused by Streptococcus iniae
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