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Results show a near 56% efficacy rate, but larger-scale trials are
needed
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Results of this study show the potential of a candidate vaccine for
reducing lice loads in young salmon; photo by Darryl Jory. Insert: sea
lice on salmon; photo by 7BarrymOre.

Atlantic salmon (Salmo salar) is reportedly the most economically important species in aquaculture globally. However,
increased production has resulted in a larger number and stronger impact of diseases, with parasitic salmon lice
becoming one of the most important in recent years in all the major salmon-producing countries.

Two lice species are of primary concern for salmon farming: Lepeophtheirus salmonisin the Northern Hemisphere and
Caligus rogercresseyiin the Southern Hemisphere. In our study, we focused on the former species, L. salmonis, which
predominates in the North Atlantic and causes year-round infestations of Atlantic salmon reared in marine cages, with
associated consequences for fish health in both farmed and wild salmonids as well as for aquaculture economics and
sustainability.

Sea lice parasitize salmon during the marine phase of the life cycle, in both wild and farmed salmon, by attaching to
their skin, often close to gills and fins; feeding on the mucus, epithelial tissues and blood; reproducing on the host; and
releasing the eggs into the seawater. If left untreated, this can lead to impaired growth, osmoregulatory stress and
open wounds, which can facilitate the entry of other pathogens. The impaired growth and secondary infections cause
significant negative animal welfare and economic impact. Moreover, relative to other salmonids, Atlantic salmon have
limited ability to resist infection by L. salmonisand are therefore highly susceptible to the parasite.

Vaccination against salmon lice could be an important alternative to control this parasite, because vaccines have
greatly contributed to reducing the use of drugs (especially antibiotics) against several fish diseases. In our study, we
used a previously produced, candidate vaccine based on a protein (ribosomal protein P0) — which had shown
potential in a previous study we conducted - to validate at the laboratory scale.

This article — adapted and summarized from the original (https:/doi.org/10.1371/journal.pone.0239827) - reports
on a study that investigated if this candidate vaccine could provide protection to Atlantic salmon in terms of reduced
lice count or reduced fecundity, or both.

Study setup

The experiment was performed at the Aquaculture Research Station (Tromsg, Norway). Atlantic salmon (AquaGen
standard, average weight 40 + 6 grams) were maintained at a density of 10 kg per cubic meter in circular, 500-liter
tanks with filtered circulating water for two weeks at an ambient temperature of approximately 10 degrees-C with 24
hours of light (summer stimuli) for acclimation. Fish were fed with a commercial pellet diet (Nutra Olympic, Skretting).

Three 500-liter tanks were stocked with 120 fish each, one tank assigned to each of the three experimental groups:
procedural control (Group 1), injected vaccine (Group 2), and injected vaccine + bath immunization (Group 3). Each
tank was supplied with continuous circulating water flow throughout the experimental period and oxygen level and
temperature were recorded daily.

For vaccine formulation, recombinant antigen protein [an antigen is a molecule that elicits an immune response
(antibody production) in the host; recombinant proteins are engineered forms of native proteins that are produced
using molecular biology techniques] or phosphate-buffered saline, PBS [a water-based salt, buffer solution commonly
used in biological research that helps maintain a constant pH] control were prepared. The immunization and challenge
schedules are outlined in Fig. 1. The fish were starved for one day before vaccination and anaesthetized.

The first immunization was performed as follows: each fish in the control group (Group 1) received 0.05 mL of PBS
emulsified in adjuvant [ingredient used in some vaccines to help produce a stronger immune response] by
intraperitoneal (ip) injection [injection of a substance into the peritoneum or body cavity]. The second group (Group 2)
received an ip injection at a dose of 1 ug per gram of body weight (gbw) of the recombinant antigen protein emulsified
in adjuvant. The third group (Group 3), received an ip injection at 1 ug per gbw of the recombinant antigen protein
emulsified in adjuvant plus bath immunized with recombinant antigen protein as inclusion bodies (200 pg/L) for 1
hour (120 fish in 200-liter aerated static bath), immediately after ip injection.
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Experimental ~ Group 1 (G1): PBS-adjuvant Montanide ISA50 V2
groups Group 2 (G2): TT-P0 1 ug/gbw in adjuvant Montanide ISA50 V2
Group 3 (G3): TT-P0 1 ug/gbw in adjuvant Montanide ISA50 V2+ 200 ug/L TT-P0O IB

Modes of G1 and G2: Intraperitoneal injection
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Fig. 1: Outline of the experimental design showing the experimental
groups, immunization, challenge, post-challenge schedule along with
sampling time-points. Group details: Group 1 is the control group.
Group 2 received an ip injection of adjuvant emulsified vaccine
antigen, TT-P0. Group 3 received an ip injection of adjuvant emulsified
vaccine antigen TT-P0 + bath immunization with TT-P0 inclusion
bodies (IB).

For additional, detailed information on the experimental design; fish husbandry; antigen purification; vaccine
formulation and fish immunization; lice challenge, sampling and counting; vaccine efficacy; gene expression and other
relevant components of this study; and statistical analyses, refer to the original publication.

Results and discussion

The importance of Atlantic salmon in aquaculture and its susceptibility to infestation with L. salmonishas stimulated
scientists to investigate efficient, non-medicinal, cost-effective and eco-friendly measures to control sea lice loads
through possible vaccine development. In our study, we used a vaccine previously tested for better antibody response
[the antigen-antibody reaction is a specific chemical interaction between antibodies produced by white blood cells and
antigens (a molecule or molecular structure, such as may be present at the outside of a pathogen, that can be bound
to by an antigen-specific antibody) during an immune reaction].

Based on our sampling results, initially an overall average of about 23 attached lice at the chalimus (pre-adult) stage
were recorded from each fish sampled at 17 days post-infection, dpi. However, by the end of the experiment, these
numbers had declined to about five adult lice per fish.

The total number of lice attached did not vary statistically between the immunized or control groups of fish, although
there was a tendency of reduction at the adult lice stage in the ip vaccinated group 2. However, we documented a
significant impact on gravid female lice count and its reproductive efficacy with delayed hatching and a reduced trend
of copepodid (free-swimming larval stage of sea lice) counts in the first, F1, generation in group 2 compared to the
control group. This showed that the major effect of the vaccine was apparent in the adult female lice and its fecundity.
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Fig. 2: Efficacy of the TT-P0 vaccine on lice counts and fecundity of
adult female lice post infestation. (A) Bar graph showing average lice
count / fish for different immunized groups at different lice stages
post infestation (dpi): chalimus (17 dpi), pre-adult (28 dpi) and adults
(50 dpi). Adult lice on the experimental fish were sampled at 50 days
post infestation (dpi). The sampled lice were counted for total number
of males, females and female's fecundity parameters per fish. Data
showing, (B) Female numbers, (C) Male numbers, (D) Females with
eggs, (E) Egg string length, for different groups per fish at 50 dpi. Data
shown as mean + SD. A Mann-Whitney test was performed due to
unequal variances to compare vaccinated groups (Group 2 or 3) with
control (Group 1). Asterisk indicates statistically significant
differences compared to control group (*P < 0.05, ** P < 0.01). (F)
Photograph of leftover egg strings (after removal of 50 egg strings for
F1 generation hatching experiment) representing the visual number of
total egg strings in different groups. Group details: Group 1 is control
group; Group 2 received ip injection of adjuvant emulsified vaccine
antigen; Group 3 received ip injection of adjuvant emulsified vaccine
antigen + bath immunization. Sampling was done from 10 fish per
tank, three replicate tanks, thus 30 fish per experimental group.
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Other studies have reported similar results using sea lice whole extract or lice protein involved in midgut function and
blood digestion, as a vaccine in Atlantic salmon, resulting in fewer oviparous (egg laying) female lice and lower
fecundity. Based on our results, it is expected that a reduction in parasite fecundity due to vaccination will have an
exponential reduction effect on the overall lice population, and thus on the lice load on the host at later generations,
and consequently will permit a reduction in chemical, or drug free treatments to control lice.

Fig. 3: TT-P0 vaccin€’s effects on F1 generation hatching and
copepodids number.

We applied a formula to our experiment for estimating vaccine efficacy in order to evaluate the impact of the vaccine
candidate on the lice fecundity as well as on the hatching and survival of F1 copepodids. Based on this formula,
vaccinated Group 2 had an overall vaccine efficacy of 56 percent, whereas Group 3 had 25 percent efficiay, suggesting
the utility of the vaccine candidate through the ip method only. However, further in-depth work has to be done.

Moreover, lice count as a proxy for resistance has been questioned by some researchers, because individual lice
counts vary between trials and certain immune genes are affected negatively by increasing number of lice. Therefore,
large number of experimental animals and experimental tanks must be used in these types of immunization and
challenge trials, and treatment efficacy parameters other than lice count should be considered.

Bar graph showing total number of copepodids 10 days post incubation of egg strings. Fifty egg strings (sampled
from the first reproductive event at 50 dpi) from each experimental group were randomly distributed and incubated in
five parallel aerated flow-through incubators (containing 500 mL filtered seawater/incubator at ~10 degrees-C)
having 10 egg strings in each incubator. The bar shows the mean value + SD in 5 replicate incubators for each
experimental group. Group details: Group 1 is control group; Group 2 received an ip injection of adjuvant emulsified
vaccine antigen; Group 3 received an ip injection of adjuvant emulsified vaccine antigen + bath immunization.
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Our results showed that the ip injection of the candidate vaccine plus an immersion bath with inclusion bodies
received by Group 3 was less effective, although some immune parameters were improved. The differences we
observed in the regulation of inflammation could explain the differences found in the results between different
vaccination methods. Further studies targeting more immunological markers could clarify the mechanisms
responsible for the differences between the two groups.

Perspectives

Results of our study provide new insight into the potential of the candidate vaccine in reducing salmon lice load and its
effect on host-parasite interaction with minimal side-effects. The calculated vaccine efficacy of 56 percent in the ip
injected vaccine group suggests a larger impact on F1 parasite generation by reduced re-infection loads via fewer
females and decreased fecundity. In addition, the results revealed the priming of immune response post vaccination
and pre-challenge, leading to simultaneous involvement of both systemic and local immunity during the salmon lice
interaction for vaccinated fish, at the mobile lice stages.

These findings provide valuable support for the effectiveness of the PO antigen as a vaccine candidate against L.
salmonis. However, long-term challenge trials with larger number of test fish per tank and studies of re-infection post
vaccination are necessary to fully understand and explore the protection potential of this candidate vaccine and the
underlying molecular mechanism of protection at the gene level.

Another aspect to consider is that under experimental challenge conditions, the infestation load is usually very high -
35 copepodids per fish in our study — much higher when compared to the natural conditions. Therefore, carrying out a
challenge experiment considering these conditions will be the next step for additional evaluation of the vaccine
efficacy in controlling salmon lice infestation.
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