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Introduction

Sea lice infestations represent the most significant
disease problem currently affecting sea-farmed
salmon and trout around the world. These external
parasites have been recognized as long as man has
fished for salmon. However, they have become a
serious concern only since salmonids have been
reared in increasingly large numbers at commercial
production facilities.™ The expansion of salmon and
trout aquaculture in Europe, Canada and Chile has
been accompanied by increasing infestations of sea
lice. Sea lice feed on fish skin, mucus and blood,
especially on the head, back and perianal region.
Untreated infestations may lead to death from
severe erosion and exposure of subcutaneous tissues,
secondary bacterial infections, osmotic imbalance
and extreme stress.

SLICE® is-a feed premix containing the avermectin,
emamectin benzoate, in a 0.2% formulation for

the control of sea lice (Lepeophtheirus salmonis

and Caligus spp.) on'salmon and trout. Emamectin
benzoate administered to salmonids in feed at a dose
rate of 50 ug/kg/day for 7 consecutive days kills all
parasitic stages of sea lice, i.e.,.chalimus, pre-adults
and adults, including gravid females.

Key characteristics

¢ Administered in feed

» Well tolerated by fish

« Kills all parasitic stages of sea lice

» Effective at all sea temperatures

* Sustained efficacy for up to 10 weeks

* Minimal environmental effect

Emamectin is a member of the chemical class

of avermectins, macrocyclic lactones, produced

by fermentation of the soil actinomycete,
Streptomyces avermitilis. Chemical modification

of this fermentation product has yielded hundreds
of analogues? including ivermectin, abamectin and
doramectin which are widely used for control of
animal and human parasites as well as insects and
mites on crops.* The first member of the avermectin
family, ivermectin, to be developed as an antiparasitic
agent for livestock possessed both contact and
systemic activity against immature and adult
ectoparasites. Thus, it was logical that it would be
tested in salmon for the control of sea lice. lvermectin
administered in feed proved efficacious against
both chalimus and motile stages.>® lvermectin used
for sea lice control has a duration of efficacy of
approximately 1 month and can be toxic to fish,
thus requiring a pattern of use that allows only
twice weekly applications.®'? In many of the salmon-
producing areas, ivermectin has been employed as a

lousicide for salmon without regulatory approval for
this application.? This has resulted in veterinarians
recommending an extended withdrawal period
because a maximum residue limit (MRL) for
ivermectin in salmon tissues has been neither
requested nor approved. When the manufacturer
made a considered decision not to support the
development of ivermectin for aquaculture, it was
in the belief that its research effort on second-
generation avermectins would yield a compound
with significant advantages over ivermectin for use
in aquaculture. Emamectin benzoate, the active
principal ingredient of SLICE, is such a compound.

Other registered products available for control of
sea lice either require the use of bath treatments,
or they do not effectively control all parasitic stages
of sea lice, or they provide poor sustained efficacy.
Teflubenzuron, a benzoylphenylurea insect growth
regulator, that is a non-specific inhibitor of chitin
synthesis, is another available product that is
administered in feed.

SLICE was developed by the research division of what
is now MSD Animal Health (Merck Animal Health in
the US and Canada) specifically to provide producers
with a product that combines highly effective control
of all parasitic stages of sea lice with safety for fish,
ease of administration and sustained duration of
efficacy for up to 10 weeks.



Introduction: Chem|stry

Emamectin benzoate is the active ingredient in SLICE.
Emamectin is a 16-member macrocyclic lactone, 4"-
deoxy-4"-epi-methylamino-avermectin B1, which is a
mixture of two active homologous compounds:

¢ 4"-deoxy-4"-epi-methylamino-avermectin B,,
(minimum 90%)

¢ 4"-deoxy-4"-epi-methylamino-avermectin B,
(maximum 10%)

The mixture of these two homologues is termed
emamectin. Emamectin is obtained synthetically
from the natural avermectins B,, and By,
(collectively, abamectin or avermectin B,), which
differ from emamectin by the presence of a
hydroxyl group at the 4" position rather than the
4"-epimethylamino group.

Scientific name

(4"R)-5-O-demethyl-4"deoxy-4" (methylamino) aver-
mectin A;, and (4"R)-5-O-demethyl-25-de (1-methyl-
propyl)-4”-deoxy-4"-(methylamino)-25-(1-methylethyl)
avermectin A, (9:1)

Generic name

Emamectin benzoate

Figure 1. Chemical structure of emamectin benzoate

Molecular formula

B, component CygH,5NO;3C;HgO,
B, component CygH;3NO;3C;HG0,

Molecular weight

B,, component: 1008.26 g/mole
B4, component: 994.24 g/mole



Introduction: DOsa ge FO rm

SLICE Premix

e Supplied in 2.5-kg sachets containing 5 g
of emamectin benzoate (0.2% w/w)

¢ SLICE (emamectin benzoate) Aquaculture Premix
0.2% has a shelf life of 36 months.

Table 1. Slice components

Components Percent (%w/w)

Emamectin benzoate
Inert ingredients

Medicated feed production (see label for explanation)

e The medicated feed can be manufactured by either
a dry-coating method or a wet-coating method.

Dose rate

* Approved dose rate is 50 ug/kg of fish biomass
per day for 7 consecutive days.

e SLICE should be included in 100% of the daily
feeding ration.

¢ A 1-day withholding of feed prior to treatment
is recommended.

e Suggested feeding rate for medicated feed = 0.5%
of total weight of fish per pen. For example, 1,000 kg
of fish should receive 5.0 kg of medicated feed per
day (35.0 kg per week).

¢ If the feeding rate differs from 0.5% biomass/day,
then the concentration of SLICE in feed must be
adjusted proportionately as shown in Table 2.

 Rate of incorporation into non-medicated feeds
for a 0.5% feeding rate:

One [2.5 kg] sachet of SLICE Premix +
497.5 kg feed = 500 kg medicated feed

Two [2.5 kg] sachets of SLICE Premix +
995 kg feed = 1,000 kg medicated feed

Table 2. SLICE Premix incorporation rates for medicated
feed preparation when used at different feed rates (de-
termined by fish biomass and temperature)

Feed rate Amount of premix per
ton of feed

10.00 kg




Introduction: MEChanlsm Of ACtIOﬂ

Sea lice feed on the mucus, skin, plasma and, in
severe infestations, the subcutaneous tissue of
fish.>"® In a radiolabeled residue study, it was
demonstrated that SLICE residues are present at
very low concentrations in all of these tissues."”
The chalimus stages attach to the skin by a frontal
filament and are not motile, so it is most likely that
they are exposed to SLICE during their feeding on
mucus, skin and plasma. The pre-adult and adult
stages are motile, so they move in the mucus
covering the skin in addition to ingesting mucus,
skin, plasma and subcutaneous tissue. Therefore,
the motile stages of sea lice most likely are exposed
to SLICE by contact with mucus and by feeding

on various fish tissues and fluids.

The precise mechanism by which SLICE (emamectin

benzoate) kills sea lice has not been fully elucidated,

but through extensive research, the general mode
of action for the avermectin class of compounds

has been determined. The mechanism of avermectin
killing is disruption of chloride ion movement in
nerves, and thus, neurotransmission through
competitive binding to glutamate-gated chloride

Figure 2. Stages of sea lice cycle (Lepeophtheirus salmonis)

Free-swimming stages
| 1 I
Nauplius |, Il & Copepodid I
Q Male pre-adults

Female pre-adults

ISy )

Chalimus I-IV

Attached stages

regulators that inhibit chitin synthesis to disrupt

channels of invertebrate nerves.'®? This mode of . . N .
cuticle formation. This unique mode of action should

action differs from that of organophosphates that reduce the potential for cross-resistance with other

inhibit neurotransmission in sea lice by disruption .
y P approved products used for sea lice control.

of cholinesterase activity and of insect growth



Pharmacokinetics

Absorption, distribution, metabolism and excretion
studies using radiolabeled emamectin benzoate were
conducted in rats, bluegill sunfish, salmon, chickens,
goats and other species.” 226 Conclusions of these
studies were consistent for all the species, in that
emamectin benzoate was: a) well absorbed;

b) rapidly excreted, nearly all in the feces; and

¢) the major residue with the minor metabolite
(desmethylamino emamectin). Results of repeat
dosing studies in rats and bluegill sunfish further
confirmed that emamectin benzoate is not a
bioaccumulative compound.

Studies in salmon

As mentioned earlier, sea lice feed on the mucus
and skin of fish, as well as plasma and sometimes
subcutaneous tissues. Therefore, emamectin
benzoate must be able to penetrate into these
secretions/tissues and persist for adequate time to
be ingested/contacted by lice. Atlantic salmon,
Salmo salar, was the representative salmonid species
used for two studies to determine the fate of
emamectin benzoate: a whole-body autoradiography
study?” and a radiolabeled residue depletion study
conducted at both 5° Cand 10° C."7

Table 3. Concentration (ppb) of emamectin benzoate
in blood, mucus and muscle of Atlantic salmon (SLICE
administered Days 1-7)

Concentration (ppb) of
emamectin benzoate

Results from the whole-body autoradiography
study indicated that emamectin benzoate was:

a) absorbed from the gastrointestinal tract and
transferred to other tissues, b) widely distributed
in salmon tissues including the skin, c) present in
higher concentrations in skin than in muscle

and d) excreted slowly because of enterohepatic
circulation. The study also reported emamectin
benzoate concentrations in mucus following field
administration of SLICE at the recommended dose
of 50 pg emamectin benzoate/kg/day for 7 days.
Results summarized in Table 3 and Figure 3 show
that emamectin benzoate concentrations reached
maximum mean levels of 75 ppb (ng/g) in muscle
on Day 7, the last day of administration. Weekly
assessments showed that the concentration of
emamectin benzoate in mucus decreased gradually
from a maximum of 105 ppb (ng/g) at the end of
treatment (Day 7) through Day 77, with a half-life
of 11.3 days. Drug concentration in mucus was
higher (p < 0.05) than that of plasma on all but
one post-treatment sample dates. The ability of
emamectin benzoate to sequester in mucus and
skin, as demonstrated by this study, is likely a
major contributor to product efficacy.



Figure 3. Average concentration (ppb) of emamectin benzoate in blood, mucus and muscle of Atlantic salmon after

recommended dose of SLICE (50 pg/kg/day for 7 days)
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In the radiolabeled residue depletion study, emamectin benzoate is cleared from tissues faster at 80 ppb (microgram equivalents of emamectin per
salmon were fed medicated feed with radiolabeled higher temperatures; ) radioactivity concentrations kg) at all time intervals tested from 3 hours to 90
emamectin benzoate at a target dose rate of were lower in muscle than in skin and depleted days after fish received the final dose of medicated
50 pg/kg for 7 consecutive days, but the actual daily somewhat faster from muscle than from skin; feed. Because fish were under-dosed by about 30%,
dose received was ~33 pg/kg. Results showed that: d) emamectin benzoate was present at low tissue concentrations would be expected to be

a) maximum radioactivity concentrations in muscle concentrations in the mucus covering the skin for higher when fish are dosed accurately.

and skin occurred within 72 hours after administration an extended period of time; and e) at either water

and declined thereafter; b) tissue radioactivity temperature, mean radioactivity concentrations in

declined faster at 10° C than at 5° C, indicating that the edible tissues (muscle/skin) never exceeded



Toxicology

A complete toxicological evaluation has been
conducted with emamectin benzoate. This
includes extensive unpublished and published
studies in mice, rats, birds and other species.?®
Results from 1-year and 2-year sub-chronic and
chronic studies demonstrated that emamectin
benzoate was not carcinogenic, and as a result, a
No Observed Effect Level (NOEL) of 0.25 mg/kg
was established. Results from another series of
studies conducted to evaluate potential mutagenic
and teratogenic effects showed that emamectin
benzoate was not mutagenic and caused no
teratogenic effects. Studies on reproductive and
developmental toxicity resulted in a NOEL of

0.6 mg/kg.

Studies show that emamectin

benzoate is not carcinogenic,

mutagenic nor teratogenic.

Toxicology: W|thdrawa | PenOd

Maximum residue limit (MRL) — Europe: An
Annex |, MRL, of 100 pg/kg (ppb) emamectin
B,, (marker residue) has been established for
finfish, with the target tissues being muscle
and skin in natural proportions.?

The establishment of withdrawal times for SLICE
was investigated and considered by countries

where the product is approved, typically based on the
recommended European MRL of 100 pg/kg and the
results of both radiolabeled and non-radiolabeled
residue studies in salmon. As a result, no withdrawal
period (0 days) is required for use of SLICE in the UK
(Scotland),-Ireland, Iceland, Finland, Spain, Portugal,
Canada and Chile. A withdrawal period of 175
degree-days has been established in Norway and the
Faroe Islands.



nodcology: SAlmon and Trout Safety Studies

Target animal safety and tolerance studies were
performed with SLICE on two salmonid species:
Atlantic salmon (Salmo salar) and rainbow trout
(Oncorhynchus mykiss). A summary of the results
for three studies is presented below.

Salmon safety study

This study measured the tolerance of Atlantic

salmon (Salmo salar) to an orally administered feed
medicated with SLICE.3® Each treatment group
contained 50 Atlantic salmon with a mean
bodyweight of 382 g. The treatment groups were

fed a diet medicated with SLICE at nominal dose rates
of 0, 100, 250 and 500 pg/kg/day, respectively, for

7 consecutive days.

All fish were observed daily for 13 days, with
data recorded for mortality, behavior and overall
appearance. Following completion of the study
on Day 13, all salmon in the trial were killed and
examined by gross necropsy and histopathology.

Distinct signs of toxicity were observed only at
the highest dose rate (Table 4). The signs observed
were dark coloration, inappetence, lethargy and,
in about 10% of fish, a loss of coordination. No
pathognomonic signs of emamectin benzoate
toxicity were identified during gross necropsy or

Table 4. Results of Atlantic salmon tolerance study

Daily rates*  Multiple of Observed results
in pg/kg/day ~ target dose

(for 7 (based on
consecutive 50 pgl/kg/day)

days)
No adverse reaction
No adverse reaction

No adverse reaction

Progressive signs
of toxicity — lethargy,
dark coloration,
inappetence, loss of
coordination

*Actual dose rates were calculated based on the
measured feed consumption and analysis of feed for
emamectin benzoate concentration.

histopathological examination. No treatment-related
mortality was observed.

Results from this salmon safety study showed that
feed medicated with SLICE, when administered at
actual dose rates (based on feed analysis) of up to
3.5x the recommended label dose rate of 50 g
emamectin benzoate/kg/day, is safe for salmon.

Extended feeding

A study was conducted to evaluate the safety of SLICE
when seawater-reared Atlantic salmon (Salmo salar)
were over-dosed at up to 2.26x the approved 50
pg/kg/day rate for an extended 14-day period (double
the recommended treatment duration of 7 days).>'
The study involved 240 fish (mean weight 196.6 g)
that were stocked into 12 seawater tanks (20
fish/tank) and allocated to four treatment groups
(three tanks/group, 60 fish/group). After an
acclimation period, fish were fed either unmedicated
feed or medicated feed for 14 consecutive days.

Feed treated with SLICE was provided to the four
groups at 0, 50, 100 or 150 pg/kg/day, representing
dose rates 0x, 1x, 2x and 3x the nominal dose rate of
50 pg/kg/day. Fish were monitored for feeding activity,
mortality and morbidity during the 14-day treatment
period, after which all surviving fish were euthanized,
necropsied and examined for gross pathology and

by histopathology.

Actual dose rates proved to be 0, 42, 88 and 113
pg/kg/day, or 0%, 84%, 88% and 75% of the
experimental targeted 0x, 1x, 2x and 3x treatment-
group dose rates, respectively. SLICE administered
at a dose rate of up to 1.76x the label dose

rate of 50 ug active/kg/day for 14 days (twice the
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Salmon and Trout Safety Studies

Table 5. Results of Atlantic salmon extended-feeding
tolerance study

Dose rates* = Multiple of Observed results
in pgkg/iday ~ target dose
(for 14 (based on

consecutive 50 pgl/kg/day)

Progressive signs
of toxicity —
inappetence, dark
coloration, hepatic
focal granuloma

*Actual dose rates were calculated based on the
measured feed consumption and analysis of feed for
emamectin benzoate concentration.

recommended duration of 7 days) had no detectable
adverse effects on Atlantic salmon (Table 5). No
mortality occurred and feeding activity was vigorous
in the untreated, 0.84x and 1.76x groups. No
treatment-related mortality was observed in the
2.26x group, but feeding activity declined from Study
Days 9 to 14, and increased frequencies of dark skin
coloration and hepatic focal granuloma were

observed. Study results indicate that the feeding of
SLICE at a dose of 50 pg emamectin benzoate/kg
bodyweight for the recommended treatment
period of 7 days would be well tolerated by
Atlantic salmon.

Trout safety study

Trials involving 128 rainbow trout (Oncorhynchus
mykiss) with a mean weight of 295 g were conducted
to determine their dietary tolerance to emamectin
benzoate.® Sixteen of these seawater-adapted trout
were placed in each of eight experimental tanks,
with two tanks selected for each of the following
feeding regimens of feed medicated with SLICE:
(nominal dose rates) 0, 100, 250 and 500 pg/kg/day
for 7 consecutive days. The dose rates of this
medicated daily diet represented multiples of 2x,

5x and 10x, respectively, of the recommended
therapeutic dose rate of 50 pg/kg/day.

Daily observations were made for appearance,
behavior and mortality for 13 consecutive days.

All trout were then killed and examined by gross
necropsy. In addition, five apparently healthy trout
were also examined histopathologically. Results of
the gross necropsy examinations were negative.

The results of this study (Table 6) showed that the
diet of feed medicated with SLICE was safe for trout

Table 6. Results of rainbow trout tolerance study

Observed results

Dose rates*  Multiple of
in puglkg/iday  target dose
(for 14 (based on
consecutive 50 pg/kg/day)
days)

Progressive signs
of toxicity —
lethargy, dark
coloration, inappetence,
loss of coordination

*Actual dose rates were calculated based on the
measured feed consumption and analysis of feed for
emamectin benzoate concentration.

even when fed at dosage rates of up to 4.4x the
prescribed label dose rate. Distinct signs of toxicity
were observed only at the highest dose. Signs

of toxicity included increased melaninization

(dark coloration), lethargy and inappetence. No
pathognomonic signs of emamectin benzoate
toxicity were identified during gross necropsy or
histopathological examination. No treatment-related
mortality was observed.



Environment

AII chemotherapeutants currently available for
the control of sea lice have the potential of causing
environmental damage, depending on the exposure
level? (with the possible exception of hydrogen
peroxide baths). Environmental exposure is
dependent upon a variety of factors, including the
amount of active ingredient(s) used for treatment,
the frequency of use, the biological activity of the
active ingredient, the biological activity of any
metabolites or degradation products, the degree
of deposition and the sensitivity of the
surrounding biota.

SLICE is administered in pelleted feed and there
is typically little wastage. As a result, deposition
into the surrounding environment may occur by
two routes:

* Emamectin benzoate in uneaten feed that falls to
the sea floor

* Emamectin benzoate and the desmethylamino
metabolite excreted in feces of treated fish

Environmental risk assessment included evaluation
of all available data for emamectin benzoate and
generation of additional data specific for the use
of SLICE in the marine environment. Extensive
data relative to the potential environmental
impact of emamectin benzoate use in terrestrial

environments3*37 have been generated during the
development of emamectin benzoate for control of
insects on high-value food crops intended for human
consumption, 342

From these studies and others undertaken by

MSD Animal Health, a comprehensive data set has
been developed on the toxicity of emamectin
benzoate to invertebrates, fish, birds and mammals.
This has enabled predictive risk assessments to be
undertaken in which 100-fold assessment (safety)
factors have been applied to the toxicity data for the
most sensitive of the species appropriate for the
environments considered. Comparison of the
predicted no effect concentrations (PNEC) with the
predicted environmental concentrations (PEC) in
water during, and following, treatment indicates
that the therapeutic use of emamectin benzoate
should not affect invertebrates or vertebrates in
the water.”®

While the administration of emamectin benzoate

in feed to fish reduces the overall inputs to the
environment, it increases the potential for deposition
in sediments. “Worst-case” models have been applied
to commercial use scenarios, allowing for uneaten
feed and excretion of parent compound and the
primary metabolite from fish. The resultant PECs

have indicated that any potential for adverse effects
on sensitive sediment-dwelling biota would be limited
to the immediate vicinity of the treated farm.

There is typically little

wastage when fish are provided

with pelleted feed medicated

with SLICE.




13

Environment

To determine the extent of any impact, an extensive
monitoring program was undertaken in a Scottish
sea loch over 12 months, following the use of SLICE
to treat salmon under commercial conditions.*
Emamectin benzoate was detected in settling
particulate material downstream of the cages, but
the levels detected in sediments were lower than
predicted by the models, indicating that it was

not accumulating but being dispersed at low
concentrations. Levels in sediments exceeding the
PNEC for sediment-dwelling organisms were detected
only within 10 meters of the cages, and lower levels
were found at 12 months versus the 4-month time
point. The PNEC for sediment-dwelling organisms is
more than 4x the limit of detection in sediments, thus
ensuring that any potential risk can be identified by
the validated methods. Monitoring of the sediment-
dwelling populations in the vicinity of the treated
farm did not detect any changes in communities
that could be attributed to treatment. Similarly, no
interference was found with the seasonal rhythms

in surface fauna or macrobenthic fauna. While
emamectin benzoate was detected in mussels
immediately following treatment, it was never found
at quantifiable levels and was rapidly depurated such
that within 1 month it could only be detected 10
meters downstream of the cages. Emamectin
benzoate was detected in fish and invertebrates in
the vicinity of the treated farm but never at levels

greater than 4% of the established MRL for salmon
muscle/skin. The concentrations declined such that
no quantifiable levels could be detected by 4 months
after treatment. No toxic effects were observed on
captured crustaceans, which included three species
of crabs.

Emamectin benzoate is absorbed in salmon and
extensively metabolized with approximately 50%
of the ingested dose being metabolized before
excretion. Metabolism is rapid, with the metabolite
being detected in settling material and sediment
following treatment. The reductions in emamectin
benzoate levels in sediments were accompanied by
the appearance of the degradation metabolite, the
desmethylamino metabolite, at non-quantifiable
levels in samples taken in the field at 12 months. The
toxicity of the metabolites of avermectins has been

found to be less than those of the parent compounds.

Results from field efficacy studies indicate that SLICE
can provide effective sea lice control for up to 10
weeks following a single treatment. Compared with
other sea lice control agents that may have to be
applied as often as twice per month, the use of SLICE
should result in fewer applications for effective sea
lice control. The duration of efficacy, together with
exceptional control of all parasitic stages, should
reduce future sea lice populations and minimize

the quantities of compound delivered into the
marine environment.

Field studies conducted at sites
of SLICE use have demonstrated

no adverse impacts upon

zooplankton, pelagic crustaceans,

molluscs or benthic invertebrates.

In summary, field studies conducted at sites of SLICE
use have demonstrated no adverse impacts upon
zooplankton, pelagic crustaceans, molluscs or benthic
invertebrates. Although effects of localized organic
enrichment in the “footprint” of the net pens have
been observed, these investigations have not found
any evidence of a toxic impact from SLICE. It can be
concluded that the use of SLICE to control sea lice in
accordance with label directions poses no short-
term or long-term unacceptable risk to the marine
ecosystems associated with commercial fish farms.



Efficacy

Overview

The efficacy of SLICE (emamectin benzoate) as a
treatment for sea lice infestations on Atlantic salmon
was evaluated through an extensive series of clinical
studies and field trials. Initially, emamectin benzoate
was used in a non-formulated state and incorporated
in an edible oil for application as a coating on
pelleted feed. Dose rate determination and dose rate
confirmation studies were conducted at several
locations throughout Scotland.

Small field trials were conducted in Scotland where
fish were fed a commercial feed treated with SLICE
(0.2% emamectin benzoate) Aquaculture Premix.

A daily diet of medicated feed was administered at
the recommended dose rate of 50 pg/kg biomass/day
for 7 consecutive days.

Commercial field trials were conducted in Scotland,
Norway, US, Canada and Chile. In Norway, the efficacy
of SLICE was compared with that of another in-feed
treatment, teflubenzuron, a chitin synthesis inhibitor
known commercially as Ektobann® (Skretting A/S) or
Calicide®. Results from four study sites in Norway
showed feed medicated with SLICE provided better
sustained efficacy against sea lice when compared
with Ektobann-treated diets.

Prevention of reinfestation was demonstrated in
two controlled challenge studies in Scotland with
seawater-adapted smolts as well as smolts treated
in freshwater prior to transfer to seawater.

Characteristics of SLICE

e High-level efficacy: SLICE rapidly killed all parasitic
stages (motile and non-motile) of sea lice.

e Duration of efficacy: SLICE killed all stages of sea

lice including gravid adult females for up to 10 weeks.

e Effective under a wide range of environmental
conditions (e.g., water temperatures of 5-15° C and
salinity from 23-35 ppt).

e Well tolerated: SLICE was well tolerated with

no mortality or significant reduction in feeding
associated with treatment.

The clinical evaluation of efficacy for the control

of sea lice using emamectin benzoate was conducted
as follows:

* Dose Titration and Dose Confirmation in Salmon

e Efficacy Field Trials (Scotland)

* Dose Confirmation in Trout (Chile)

e Commercial Field Trials (Scotland, Norway,
US, Canada and Chile)

¢ Duration of Efficacy Trial (Scotland)

¢ Prevention of Infestation Trial (Scotland)
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efficaey: DOSE Titration and Dose Confirmation in Salmon

Four trials were conducted in Scotland over a
2-year period to determine and confirm the
optimum dose rate of emamectin benzoate.*
Atlantic salmon (Salmo salar) ranging from
150-400 g bodyweight were given a pelleted feed
coated with emamectin benzoate in fish oil.

During each of these trials, treatment groups were
fed the emamectin benzoate-medicated diet at
various dose rates for 7 consecutive days from

Day 0 to Day 6. Control groups were fed the same
non-medicated commercial feed at the same rate.
Efficacy was assessed by counting the number of sea
lice on all fish at Day 7, Day 14 and Day 21.

A total of 580 Atlantic salmon were utilized in the
dose titration and dose confirmation studies, with
414 fish in treatment groups that received medicated
feed and 166 fish in the control groups fed a
non-medicated diet.

Results and significant findings
Results of the studies are summarized in Table 7.

Trials 1a and 1b indicated that an emamectin
benzoate-medicated diet given to fish for 7

consecutive days (at dose rates between 20 and
100 pg/kg/day) resulted in effective control of both
non-motile (chalimus) and motile (pre-adult and
adult) stages of sea lice.

Trial 2, designed to determine the optimal dose rate
of emamectin benzoate, indicated that a medicated
diet fed at a dose rate of 25 to 50 pg/kg/day for

7 days provided control of all parasitic stages of

the sea louse, Lepeophtheirus salmonis. This was
further validated in subsequent dose confirmation
trials (3 and 4), which resulted in the selection of

50 pgr/kg/day as the dose rate for commercial
product development.

Fish consumption of the emamectin benzoate-
medicated feed equaled or exceeded feed intake
rates of non-medicated control groups, thus
indicating similar palatability. Emamectin benzoate
treatments were physiologically well tolerated by
all groups, with no adverse reactions or mortality
observed at or above the selected dose regimen.



Table 7. Dose tritation and confirmation studies

Dose rate
(ng/kg/day)

% Efficacy*
Day 14

Description / Objective

Day 7 DEVA |

Summary results

1a Dose range-finding studies n=15 0 So182 192 145
5 8 45 48
30 fish in each of 6 tanks 10 36 82 87
20 25 A 72
15 fish per tank with induced infestation 100 61 97 100

of the chalimus stage of L. salmonis

15 fish per tank with induced
infestation of pre-adult/adult stages
of L. salmonis

Excellent palatability and
feed consumption

87%-100% effective against
the chalimus stage at dose rates
between 10 and 100 pg/kg/day

83%-97% effective against
pre-adult/adult stages of sea lice
at dose rates between 20 and
100 ug/kg/day

2 Dose titration study n=20 0
L 25

20 fish in each of 8 tanks 50 375 703 952

100 354 66.4 95.8

Induced L. salmonis infestation (all stages)

Dose confirmation, Study 1
16 fish in each of 9 tanks.

Induced L. salmonis infestation (all stages)

SLICE proven highly effective at
dose rates of 25, 50 and 100

palkg

Proved 50 pg/kg/day for
7 days best dose rate

Near complete efficacy

4 Dose confirmation, Study 2
16 fish in each of 6 tanks.

45.9 70.7 94.6

Induced L. salmonis infestation (all stages)

Confirmed high efficacy results
at 50 pg/kg/day dosage with
no adverse reactions

Note: Treatments were prepared by mixing selected test concentrations of emamectin benzoate with fish oil applied as a coating on commercial feed.
* Percent efficacy results shown for all treatment groups were calculated using Abbott's formula, based on the geometric mean number of sea lice per fish.

. Shaded areas indicate the mean number of sea lice per untreated control fish.
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ericacy: Efficacy Field Trials (Scotland)

These extensive field studies conducted in Scotland
on approximately 69,200 Atlantic salmon (ranging
from 150 g-2.6 kg bodyweight) were the first in
which emamectin benzoate was administered as SLICE
Premix (0.2% active ingredient concentration).*6’
During the trials, all treatment groups were fed

feed medicated with SLICE at a daily dose rate of 50
pg/kg/day for 7 consecutive days and feeding rate of
0.5% biomass/day.

In contrast to previous studies conducted in tanks,
this series of efficacy trials was conducted under
typical production conditions, i.e., salmon were held
in seawater cages. SLICE effectiveness against another
common sea louse species, Caligus elongatus, was
also assessed, and the efficacy against the sea louse
species L. salmonis was confirmed.

In addition to the natural, continuous infestation by
these two sea lice species (with constant reinfestation
pressure from both copepodite and motile stages),
the efficacy of SLICE was evaluated under a variety
of diverse field conditions. Seawater temperatures
ranged from a high of 15.5° Cin the August trials to
a low of 5.8° C during the winter field trials held in
February. The salinity during these studies varied
between 23.5 and 35.0 ppt.

Results summary

Efficacy: The efficacy of SLICE treatment against
Lepeophtheirus salmonis in four studies (Table 8)
increased from 21% to 63% one day after treatment
(Study Day 7) to approximately 90% by 15 days after
treatment (Study Day 21). This efficacy pattern was
observed even as sea lice populations were rapidly
increasing, two to three-fold on control fish (Trials 6
and 7). The efficacy was unaffected by variations in
water temperature and salinity. As verified by these
results, administration of feed medicated with SLICE
consistently proved to be nearly 90% effective or
greater at controlling sea lice even under the

most adverse conditions.

Clinical appearance: The clinical appearance of
sea lice-infested fish was improved after treatment
with feed medicated with SLICE.

Mortality: No mortality associated with treatment
was observed.

conserve

protect

succeed

renew

In several studies, SLICE efficacy

was unaffected by variations in

water temperature and salinity.




Table 8. Efficacy field trials: Scotland

Description / Objective Sample Dose rate % Efficacy* Summary results
size (ng/kg/day)

5 Field trial 1 n=30 0 [0 28 38 919% efficacy
45 80 91

1 x 1 study alongside commercial sea Improved appearance

cages, 180 fish per cage 25% greater feed consumption

[against L. salmonis] 15% reduction in fish mortality

[against C. elongatus] n =30 0 89% efficacy

Field trial 2 99.3% efficacy

2 x 2 study alongside commercial sea No L. salmonis found on 25%
cages, 149 fish per cage of treated fish by Day 21

[against L. salmonis]

[against C. elongatus] 11.6 81.9% efficacy; no C. elongatus
found on 21% of treated fish

Improved appearance

7 Field trial 3 n=20 0 Infestation increased 271%
2 x 2 study beside commercial sea cages, 50 in untreated control cages
360 fish per cage Treatment group cages

decreased 90%
[against L. salmonis]

Field trial 4 Efficacy increased to 74.3%
4 x 4 study and 89.3% Day 28 and

16,000-18,000 per cage Day 35, respectively

. Unmedicated: 33-80% of
Note: Severe worms occurred during the o e
medicated-feed administration period. cranial lesions ! !

Treated: Little evidence of
any sea lice damage

Note: Salmon were naturally infected with L. salmonis and C. elongatus.
* Percent efficacy was calculated using Abbott's formula, based on the geometric mean number of sea lice per fish. 1t Control fish treated with hydrogen peroxide

. Shaded areas indicate the mean number of sea lice per untreated control fish.
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eficay: DOSe Confirmation in Trout (Chile)

A sea-pen efficacy study conducted with rainbow

trout (Oncorhynchus mykiss) in Chile further validated Table 9. Efficacy of SLICE (emamectin benzoate) administered daily in feed for 7 days at a dose rate of 50 pg/kg/day
against sea licet (Caligus flexispina and Caligus teres) on rainbow trout (Oncorhynchus mykiss)

the efficacy of emamectin benzoate against natural
infestations of two other Caligus spp.: C. flexispina
and C. teres.® % Efficacy*

DEVA V) DEVA | Day 28

Study guidelines

Housing: Six 7m x 7m x 7m trial cages (500 trout

per cage)
tTrout were naturally infested with chalimus, pre-adult and adult stages.

Treatment design: Allocated into 3 x 2 replicates * Percent efficacy was calculated by Abbott's formula, based on the arithmetic mean number of sea lice/fish.

(each replicate consisted of a pen treated with SLICE

and a non-treated pen)
Control group: Received non-medicated feed

Seawater temperature: 11.0° C-12.5° C throughout the trial

Salinity range: 30-32 ppt Data-gathering criteria: Trout were randomly selected
from each cage on Study Days 3, 7, 14, 21, 28, 35 and

Infestation: Naturally infested with sea lice, 42. Sea lice were counted on 15 fish from each cage.

C. flexispina and C. teres
Results: SLICE efficacy against sea lice on trout was

Study design: equivalent to that observed against sea lice on salmon
Treatment group: Fed diet medicated with SLICE at (Table 9). The efficacy of SLICE was approximately

a target dose rate of 50 ug/kg/day for 7 consecutive 90% by 8 days after treatment and remained > 93%
days, from Day 0 to Day 6 for at least 36 days after treatment.



efia: COMmercial Field Trials (Scotland)

The performance of SLICE for sea lice control was
confirmed under commercial conditions in each of the
major salmon-producing countries: Scotland, Norway,
Canada and Chile. A total of approximately 870,000
Atlantic salmon were treated in these trials. In
addition, a lengthy 9-year study was conducted in

the US, involving over 34 million Atlantic salmon.

Commerical field trial: Scotland

Parameters and results of this study are
detailed below.”

Housing: Sixteen 15m x 15m x 9m commercial pens
with 14,163-15,961 Atlantic salmon (Salmo salar)

per pen

Treatment design: 12 treated pens (total of 184,908
fish) and four non-treated pens-(total of 62,435 fish)

Seawater temperature: 9.8° C-14.0° C
Salinity range: 13.0-31.5 ppt (at the surface)
Infestation: All fish naturally infested with

L. salmonis and C. elongatus with continual
reinfestation pressure during the entire study

Study design:

Treatment group: Fed feed medicated with SLICE at
50 pg/kg/day for 7 consecutive days, Day 0 to Day 6,
then non-medicated feed throughout the remaining
trial period

Control group: Fed non-medicated feed at rate of
1.0% biomass/day

Feed preparation: Feed medicated with SLICE was
prepared at a commercial feed mill by coating SLICE
Premix onto pelleted feed, with the addition of a
final coating of fish oil.

Data-gathering criteria: Ten fish were randomly
selected from four treated pens and four non-treated
pens for counting of sea lice on Study Days -1, 13, 27
and 77. In addition, sea lice were counted on five fish
from one non-treated pen and one treated pen on
Study Days 34, 42, 49, 54, 64 and 72.

Results:

¢ Feeding a diet medicated with SLICE proved to be
over 90% effective in the control of sea lice for 58
days after treatment (Table 10).

¢ Reduced skin damage: 70 days after treatment,
approximately 50% of non-treated fish had dermal
lesions from sea lice infestation, while less than
10% of salmon medicated with SLICE showed

sea lice damage.

¢ Reduced sea lice reproductive potential by 80%:
For up to 70 days after treatment, the percentage
of gravid (egg-bearing) sea lice females on salmon
medicated with SLICE was reduced by 80%. This
reduction in gravid females may have dramatic
impact on future sea lice populations within the
SLICE treatment area.

o Well tolerated: Fish fed a diet medicated with
SLICE exhibited no adverse health effects or mortality
related to this treatment.
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Commerical Field Trials (Scotland)
Table 10. Efficacy of SLICE (emamectin benzoate) administered daily in feed for 7 days (Day 0 to Day 6) at a dose

rate of 50 pg/kg/day against sea lice (Lepeophtheirus salmonis) on Atlantic salmon (Salmo salar) naturally

infested with chalimus, pre-adult and adult stages, Scotland, 1997

No. pens No. fish/pen Treatment % Efficacy* % Fish % Gravid
sampled sampled group with lice females
SLICE (3.5)
SLICE
I I TN TS
27 SLICE
I I T TS T
34 SLICE
mmmm
g2 e Table 11. Efficacy of SLICE administered daily in
50 pg/kg/day against sea lice (Caligus elongatus)
49 SLICE on Atlantic salmon (Salmo salar) naturally infested
with chalimus, pre-adult and adult stages
mmmm
54 SLICE Treatment % Efficacy*
64 SLICE Untreated control (33) (2.8) (0.7)
72 SLICE
77 SLICE

() Numbers in parentheses are the mean number of sea lice/fish.
* Percent efficacy was calculated by Abbott's formula, based on the geometric mean number of sea lice/fish.
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eiica: COMMercial Field Trials (Norway)

SLICE (emamectin) vs. Ektobann (teflubenzuron)

n these trials conducted at four different sites in
western Norway, a total of 1,170,543 Atlantic salmon
were treated with either SLICE (emamectin benzoate)
or Ektobann (teflubenzuron; also marketed as
Calicide) at their recommended therapeutic
dose rates.*

The 561,266 salmon in the groups treated with

SLICE received a target dose rate of 50 pg/kg
bodyweight/day for 7 consecutive days. Salmon in
the Ektobann-treatment groups, numbering 609,277,
were administered a target dose rate of 10 mg/kg
bodyweight/day, also for 7 consecutive days.

Salmon in these Norwegian trials ranged in size
from 92 g to 347 g. All were held under commercial
rearing conditions and fed a diet medicated with
SLICE or an Ektobann-medicated diet at the rate of
0.5% biomass/day throughout the treatment period.

Housing: Six commercial rearing pens
Treatment design: Allocated randomly into 3 x 2

replicates (each replicate consisted of a pen treated
with SLICE and an Ektobann-treated pen)

Seawater temperature: 12.8° C-15.8° C

Salinity range: 13.0-31.5 ppt (at the surface)

Infestation: Naturally infested with primarily
L. salmonis and secondarily C. elongatus

Data-gathering criteria: Salmon (20) were randomly
selected from each cage and killed on Study Days -2,
1,7,14, 21, 36, 51 (Study Day 0 was the first day of
treatment). Sea lice in all stages (chalimus, pre-adult,
adult) were counted.

Results: In all four of these Norwegian studies, there
was an excellent response to SLICE therapy within 7
days of beginning treatment (Table 12). After 21 days,
the mean number of sea lice on fish that received

the diet medicated with SLICE was significantly lower
than those treated with Ektobann. This efficacy differ-
ential continued, following observations on Day 36
and again on Day 51. At Site 2, the mean number of
sea lice 51 days after treatment on salmon treated
with SLICE was 0.23 lice/fish, while fish administered
Ektobann presented increased reinfestation levels
with an average of 13.9 sea lice per fish.

Separate analysis (data not shown) of the efficacy
against individual stages of sea lice showed that
no chalimus were found on fish treated with SLICE

Within 7 days after the start of

treatment, the response to SLICE

therapy was excellent.

by Day 36 (Site 1). At Site 2, chalimus numbers on
treated fish increased by Day 51 to 0.23 chalimus/fish
treated with SLICE and 10.5 chalimus/Ektobann-
treated fish. In addition, no pre-adults or adults were
found on fish treated with SLICE on Day 51 (Site 2).
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Efficacy: Commerical Field Trials (Norway)

Table 12. Efficacy of SLICE (emamectin benzoate) and Ektobann (teflubenzuron) for control of sea lice on salmon,
Norway, 1998

Treatment | No. of fish Mean number of lice (all stages) per fish
treated

1 SLICE 100,369 3.00* 0.79**  0.38** 0.03**

N K K K K
2 SLICE 129,469 3.70

--m---
3 SLICE 176,550 411

N R R K K R
4 SLICE 154,608 9.70

N K K K
Summary  SLICE 561,266 5.13

(all sites)
o Lo |on | o o |
—

* Indicates sea lice were counted 1 day earlier than shown in the column heading.
** Indicates sea lice were counted 1 day later than shown in the column heading.
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efia: COMmercial Field Trials (US)

An extensive field efficacy study conducted in
Maine (US) from 2001-2009 involved nearly 35 million
Atlantic salmon ranging in size from smolts (newly
transferred to sea) to market-weight fish.5>" All fish
were administered feed medicated with SLICE for
treatment of sea lice infestations (Lepeophtheirus
salmonis and Caligus spp.).

Sea lice populations were monitored when water
temperatures exceeded 4° C, which usually occurred
between April and December in typical years.
Monitoring was initially accomplished monthly by
sampling five fish in each of five pens when water
temperature was between 4° C-8° C, and biweekly
when water temperature exceeded 8° C. Later, sea
lice populations were monitored biweekly when
water temperature was between 4° C-8° C and weekly
when water temperature exceeded 8° C. Sea lice were
counted on a total of 49,656 fish. When lice counts
achieved a threshold of 0.2 gravid female L. salmonis
per fish, all fish were treated with SLICE at the
recommended dose of 50 ug emamectin/kg/day for

7 days.

Parameters and results of this study are detailed
below.
Housing: Commercial rearing pens

Water temperature: 9.8° C-14.0° C

Infestation: All fish naturally infested with
L. salmonis and C. elongatus with continual
reinfestation pressure during the entire study

Study design: Approximately 34,898,122 Atlantic
salmon treated with feed medicated with SLICE from
2001 to 2009 (treated biomass = 39,934,721 kg).
Treatment initiated when monitoring indicated
infestation. SLICE administered at 50 pg
emamectin/kg/day for 7 days, with a total of 94
marine treatments administered.

Data collection criteria: Salmon monitored weekly
post-treatment for sea lice infestation. At each
sampling time, five fish were sampled from each cage
and from five net pens per site. The L. salmonis
counts were the sum of larvae, pre-adults, males and
gravid females; the C. elongatus counts were
analyzed separately from L. salmonis counts.

Of 94 marine treatments, 36 were administered for
precisely 7 days but three of these treatments lacked

pre-treatment sea lice counts. Therefore, statistical
analysis was based on the remaining 33 treatments,
which were administered for exactly 7 days from
2001-2006. SLICE efficacy was determined by
comparing the mean number of lice observed on fish
prior to treatment with the mean number of lice
observed on fish at weekly intervals after the 7-day
treatment period.

Results: Averaged across 6 years of the study
(2001-2006), the median percent efficacy of SLICE
against L. salmonis increased from 32.7% at 1 week
after treatment to 92.5% by 4 weeks after treatment
(Table 13). The median percent efficacy against

C. elongatus increased from 65.0% at 1 week after
treatment to 100.0% at 4 weeks after treatment, and
exceeded 90% from 2 to 6 weeks after treatment.

Administration of feed medicated with SLICE
to salmon infested with sea lice (L. salmonis and
C. elongatus) was highly effective in reducing
infestation levels and preventing reinfestations.

Table 13. Percent efficacy of SLICE during weeks 1 to 7 post-treatment based on 33 treatments administered for
exactly 7 days

Weeks after treatment

Efficacy against L. salmonis (%) 32.7 82.7

Efficacy against C. elongatus (%)

90.1 92.5 87.8 71.8 54.0
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efia: COmmercial Field Trials (Canada)

In a Canadian efficacy study,

salmon fed readily on feed

medicated with SLICE and no

adverse events were observed.
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An efficacy study with Atlantic salmon was
conducted at two commercial sea farm sites in
eastern Canada.> Four cages at each site were
selected for the study, i.e., two cages received
feed medicated with SLICE and two cages were
non-treated. A total of 76,210 fish were treated
with SLICE, and 75,141 fish started the study as
non-treated controls. Fish weighed approximately
470 g at the start of the study and received a
target dose rate of 50 ug/kg biomass/day for

7 consecutive days, Day 0 to Day 6. Feeding
rates for the sites were 2.7% and 3.1%
biomass/day, respectively.

Parameters and results of this study are
detailed below.

Housing: Eight commercial rearing pens

Treatment design: Two replicates (one treated pen
and one non-treated pen/replicate) per site

Infestation: Fish were naturally infested with sea lice,
primarily Lepeophtheirus salmonis and secondarily
with Caligus elongatus.

Data collection criteria: Ten salmon were randomly
selected from each cage by hand net at each sea farm
site on Study Days -5/-6, 7/8, 14/16, 22, 28/29 and

43/44. Additionally, at one site, 10 fish were sampled
on Study Days 57 and 73 and five fish were sampled
on Study Days 92 and 115. Fish were anesthetized and
the number of sea lice (chalimus, pre-adult/adult,
gravid females) were counted on each fish.

Results: Data were analyzed for each sea lice stage:
non-motile, motile and gravid female. The percent
efficacy based on the total number of sea liceffish is
shown in Table 14. The non-treated control pens had
to be treated with Salmosan®, (azamethiphos, Fish
Vet Group) on three occasions during the study:

Site 1 on Study Days 9, 26 and 34, and Site 2 on Study
Days 10, 33 and 58. As a result of the control group
treatments, the calculated efficacy was lower than
would otherwise have been observed. The duration
of the clinical effect of SLICE on sea lice populations
was confirmed statistically through 44 days, and
despite considerable reinfestation pressure, nearly
complete sea lice control was observed through 67
days after treatment (Study Day 73). Efficacy declined
from 79% on Study Day 92 to 63% on Study Day 115
when deteriorating weather conditions prevented
further monitoring of lice populations. Pre-adult,
adult and gravid female sea lice were virtually
eliminated on fish treated with SLICE. Salmon fed
readily on feed medicated with SLICE and no adverse
events were observed during the study.



Table 14. Efficacy (%) of SLICE against sea lice (Lepeophtheirus salmonis) on Atlantic salmon (Salmo salar) in
a multicentered field trial, New Brunswick, Canada, 1995

Study Day Copepodites Pre-adults Gravid Total #
and chalimus and adults females lice
-12 (2.0 £ 0.4) (03+0.2) (0.1 +£0.1) (2.4 +0.5)
mm
-50r-6 3.6 +2.6) (1.9+0.7) (0.0 £ 0.0) (55+2.3)
mm
7or8 (3.6 £3.3) (15.7 £ 10.4) (0.1+0.2) (19.3 £ 13.4)
I S A
14 or 16 (4.3 +4.6) (22+25) (0.1 £0.1) (6.5+7.2)
I N A A
22 (15.7 £ 17.2) (10.7 £ 11.7) (0.1 +0.1) (26.5 + 28.8)
I T A
28 or 29 (17.7 £ 20.9) (8.7+8.1) (02+0.2) (26.3 + 28.8)
e e e
35 (34.9 £ 12.3) (14.6 +7.6) (03+0.2) (49.7 £ 20.1)
I T T AT
43 or 44 (1.9+1.4) (2.6 £3.0) (0.5 +0.6) (5.1 +5.0)
I S
57 (7.1£1.2) (4.4 +2.4) (0.1 +0.1) (11.5 £ 3.5)
I N B
73 (6.6 +1.3) (16.6 + 1.5) (0.4 +0.4) (23.6 £ 3.2)

Treatment (T) or Control (C)
() Indicates the mean number of sea lice/per fish + standard deviation
Note: As one size, the efficacy was 79.2% on Study Day 92 and 62.9% on Study Day 115.
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tfia: COmmercial Field Trials (Chile)

An efficacy study with Atlantic salmon was
conducted at a commercial sea farm site in the
vicinity of Puerto Montt, Chile.> Six cages were
selected for the study, i.e., three cages received
feed medicated with SLICE and three cages were
non-treated. Fish received a target dose rate of
50 pg/kg biomass/day for 7 consecutive days,
Day 0 to Day 6.

Parameters and results of this study are detailed
below.

Housing: Six commercial rearing pens

Treatment design: Three treated and three
untreated pens

Infestation: Fish were naturally infested with
sea lice, primarily Caligus flexispina.

Data collection criteria: Salmon (n = 10) were
randomly selected from each cage by hand net

on Study Days -1, 26, 46 and 102. Fish were
anesthetized and the number of sea lice (chalimus,
pre-adult/adult, gravid females) were counted

on each fish.

Results: Data were analyzed for each stage:
non-motile, motile and gravid female. The percent

Table 15. Efficacy of SLICE against sea lice (Caligus flexispina) on Atlantic salmon (Sa/mo salar) when administered
as a dose rate of 50 pg/kg/day for 7 consecutive days, Chile, Region X, 1998

Study Day

Copepodites
and chalimus

(1-4)

(38.6)

Pre-adults Gravid Total #
and adults females lice

(34.8) (18.1) (91.5)

I 0 TN T

26

46

(62.2)

(114.9)

(11.3)

““ 79.3% (12.9) 84.3% (1 88.2% (1.3) 81.2% (16.0)

(26.3) (30.2) (171.4)

““ 92.1% (8.8) 90.3% (2.5) 96.3% (1.1) 92.6% (12.4)

102

Treatment (T) or Control (C)

(79.8)

(14.3) (23.5) (117.6)

ey | oo | omwen Juowern
—

() Indicates the mean number of sea lice/per fish + standard deviation

efficacy based on the total number of sea liceffish is
shown in Table 15. The efficacy of SLICE exceeded

90% against all parasitic stages of Caligus. Infestations
were not monitored between Study Days 46 and 102
because of an algal bloom. Efficacy against non-motile
stages and pre-adults declined to zero during this
period. However, efficacy against gravid females
exceeded 80% 95 days after treatment was

concluded. The suppression, induced by SLICE, of

maturing reproductive females would be expected to

cause eventual reductions in reinfestation pressure.
Hence, fewer sea lice treatments would be required
per growing season. Salmon fed readily on feed
medicated with SLICE and no adverse events were
observed during the study.



eiicay: DUration of Efficacy Trial (Scotland)

A study was conducted in Scotland to determine
the duration of efficacy of SLICE following periodic
experimental sea lice reinfestation challenges.>

A total of 612 Atlantic salmon seawater-adapted
smolts (mean weight 92.9 g) were allocated to each
of two experimental tanks. Fish were marked with

a dye to identify control (untreated) and treated fish.

One tank of fish was treated with feed medicated
with SLICE at the recommended rate of 50 pg
emamectin benzoate/kg/day for 7 consecutive days
(Study Days 0-6), and the other tank received an
unmedicated ration. On Study Day 11, the two
groups were re-allocated to 18 tanks (1 m) so that
each tank held 17 control fish and 16 or 17 treated
fish. At weekly intervals, the control and treated

fish in two replicate tanks were challenged with
larval copepodites of Lepeophtheirus salmonis.
Challenges were carried out on Study Days 27, 34,
41, 48, 55, 62, 69, 76 and 83. Each tank was subjected
to only one copepodite challenge. Thus, nine pairs
of tanks were challenged at post-treatment intervals
of 3to 11 weeks.

Parameters and results of this study are
detailed below.

Housing: 18 experimental holding tanks

Challenge: Experimental challenge infestations of
76 to 200 L. salmonis copepodites/fish

Treatment design: 306 Atlantic salmon smolts
treated for 7 days with SLICE, 306 smolts untreated
(controls). Five days after treatment, groups
commingled across nine pairs of tanks (16-17 treated
fish and 17 untreated control fish per tank). Pairs of
tanks received a single challenge at weekly intervals,
3 to 11 weeks following treatment.

Data collection criteria: Developing lice on each fish
were enumerated 8 to 15 days after each challenge
when the majority of the lice were at chalimus

stage IV. Control and treated fish in each of the two
replicate tanks were anesthetized for enumeration.
Once chalimus started to develop on treated fish, the
control and treated fish were divided into separate
tanks to prevent cross-infestation of motile lice and
held over for further evaluation of lice development.

Results: Treatment with SLICE prevented the
development of settled copepodites for at least 41
days from the start of treatment, and for subsequent
challenges up to 69 days from the start of treatment,
the number of chalimus present on treated fish

remained low (Table 16). Treated fish challenged from

Study Days 27-69 had significantly (p < 0.005) lower

numbers of lice than control fish. In the two tanks
challenged at Study Day 83, both treated groups

still had a lower mean number of lice than the two
control groups, and some treated fish had fewer lice
than any control fish. Treatment also reduced the
numbers of newly recruited chalimus maturing to
adults on fish challenged as late as Study Day 83.
Survival of female lice on treated fish was lower than
that of male lice when compared to the control
groups. There did not appear to be any effects on sea
lice fecundity, although there may be some delay in
egg production and hatching where lice are exposed
to sub-lethal doses of SLICE.

Conclusions: Treatment of fish with a diet medicated
with SLICE resulted in a duration of efficacy of > 90%
for at least 65 days post-treatment. Efficacy remained
high (> 70%) for at least 81 days post-treatment.
Treated fish had a lower average number of lice per

fish than did the controls through Day 98 of the study.
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protect

Efficacy: Duration of Efficacy Trial (Scotland)

conserve

renew

succeed

Table 16. SLICE duration of efficacy against sea lice (L. salmonis) on Atlantic salmon (SLICE administered Days 0-6)

Study Day challenged Treatment Mean number of SLICE efficacy
(Study Day sampled) group lice/fish

27 (41) SLICE 10.5* 85.0%
N

34 (43) SLICE 1.9*% 97.3%

41 (49) SLICE 22.0* 85.4%
I R —

48 (58) SLICE 5.3* 94.8%
I T

55 (65) SLICE 6.6* 91.5%

62 (73) SLICE 7.1* 87.8%

69 (81) SLICE 22.7* 74.2%

76 (89) SLICE 47.6 36.0%

83 (98) SLICE 30.2 35.4%

* p < 0.005 SLICE vs. untreated
Percent efficacy was calculated by Abbott's formula, based on the mean number of sea lice/fish.



ifica: Prevention of Infestation Trial (Scotland)

A study was conducted in Scotland to determine
the efficacy of SLICE in preventing sea lice infestation
in Atlantic salmon treated at the end of the
freshwater phase, and then challenged with sea lice
following transfer to seawater.> The study involved
840 Atlantic salmon smolts (40-85 g) that were
allocated to two freshwater tanks and marked with
dye for identification. One tank of fish was treated
with SLICE at the recommended rate of 50 g
emamectin benzoate/kg/day for 7 days (Study Days
0-6). On Study Day 9, fish were transferred to eight
seawater tanks (30 treated, 30 control fish per tank).
Ten additional control indicator fish, marked with a
colored tag, were added to each tank to determine
the success of sea lice challenges.

On Study Day 28, 3 weeks after treatment, two
tanks were challenged with copepodites of
Lepeophtheirus salmonis. The remaining pairs

of tanks were challenged on Study Day 56

(7 weeks post-treatment), Study Day 77 (10 weeks
post-treatment), and Study Day 109/113 (15 weeks
post-treatment).

Housing: Two freshwater tanks, then transfer to
eight seawater tanks

Water temperature: 6° C-11° C

Challenge: Experimental challenge with copepodites
of L. salmonis

Treatment design: 420 Atlantic salmon smolts treated

for 7 days with SLICE, 420 smolts untreated (controls).

Treatment administered in freshwater tank, then fish
allocated to four pairs of seawater fish tanks with
treatment groups commingled (30 treated, 30
untreated control, 10 challenge-indicator fish per
tank). Pairs of tanks received copepodite challenge
at 3,7, 10 or 15 weeks following treatment.

Data collection criteria: When lice in each group
reached chalimus stage Ill or IV, control and treated
fish from each tank were sacrificed and the number
of lice recorded. Once chalimus appeared on treated
fish, following challenge at Study Day 109, control
and treated fish were retained in separate tanks to
avoid transfer of motile lice between groups and
sampled again when lice were at pre-adult and
adult stages.

Results: In fish challenged at Study Days 28, 56 and
77, SLICE efficacy was 83.33% to 99.8% (Table 17).
Treated fish in both replicates had significantly

(p < 0.001) fewer lice than control fish. Most lice on
control fish were at chalimus stage Ill or IV when
sampled 16 to 19 days after each challenge, whereas

most of the lice present on treated fish were
still copepodites.

When fish challenged at day 109 from the start of
treatment were sampled at Study Day 128, efficacy
had declined to 44.3% although 7% to 20% of
treated fish still had no chalimus or motile lice
present. When these fish were sampled again at
Study Day 159, subsequent survival of chalimus to
adult lice was lower on treated fish than on control
fish, and efficacy increased to 73.0%. Treated fish
challenged at Day 109 had significantly (p < 0.05)
higher mean weights than control fish at Day 159.

Conclusions: SLICE‘treatment of salmon smolts in
freshwater, prior to transfer to seawater, was highly
successful, and development of lice to chalimus

was prevented for at least 77 days from the start

of treatment.
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Efficacy: Prevention of Infestation (Scotland)

Table 17. Efficacy of SLICE against all stages of sea lice (L. salmonis: copepodite/chalimus, pre-adult/adult, gravid
female) on Atlantic salmon (SLICE administered Days 0-6)

Study Day challenged Treatment Mean number of SLICE efficacy
(Study Day sampled) group lice/fish

28 (35) SLICE* 6.2 83.3%

28 (44) SLICE 73 85.0%

56 (75) SLICE 0.03 99.8%

77 (96) SLICE 2.1 93.6%

109/113 (128) SLICE 7.3 44.3%

109/113 (159) SLICE 1.4 73.1%
Untreated 5.2

*p < 0.001 SLICE vs. untreated
Percent efficacy was calculated by Abbott's formula, based on the mean number of sea lice/fish.
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Conclusions

The high-order efficacy of feed medicated

with SLICE demonstrated against all stages of

sea lice, for up to 10 weeks post-treatment,
should lead to improved sea lice control as well

as fewer overall treatments. And since a

diet treated with SLICE can eliminate pre-adult
and adult sea lice, administering SLICE treatments
early in the year could significantly reduce or
delay the development of economically significant
parasite populations, where wild fish are not a

major source of reinfestation.




References

' MacKinnon BM. Sea lice: a review. World Aquaculture.

1997;28(3):5-10.

2 Roth M, Richards R, Sommerville C. Current practices
in the chemotherapeutic control of sea lice infestations
in aquaculture - a review. Journal of Fish Diseases.
1993;16:1-26.

3 Fisher MH, Mrozik H. The avermectin family of
macrolide-like antibiotics. Macrolide Antibiotics:
Chemistry, Biology and Practice. Academic Press (NY).
1984;553-606.

4 Fisher MH. Structure-activity relationships of the
avermectins and milbemycins. ACS Symposium Series
658 — Phytochemicals for Pest Control. American
Chemical Society Washington (DC). 1997;220-238.

> Palmer R, Rodger H, Drinan E, Dwyer C, Smith PR.
Preliminary trials on the efficacy of ivermectin against
parasitic copepods of Atlantic salmon. Bulletin of the

European Association of Fish Pathologists. 1987;7:47-54.

& Johnson SC, Margolis L. Efficacy of ivermectin for
control of the salmon louse Lepeophtheirus salmonis
on Atlantic salmon. Diseases of Aquatic Organisms.
1993;17:101-105.

7 Smith PR, Moloney M, McElligott A, Clarke S, Palmer
R, O'Kelly J, O'Brien F; ed. Boxshall GA, Defaye D. The
efficiency of oral ivermectin in the control of sea lice
infestations of farmed Atlantic salmon. Pathogens of
Wild and Farmed Fish. Ellis-Horwood (London).
1993;296-307.

8 Sievers G, Ramirez MC, Muller F. Efectividad de la
ivermectina sobre el ectoparasito Caligus sp. en truchas
cultivadas (Oncorhynchus mykiss) en el sur de Chile.
Archivos de Medico Veterinarios. 1996;28:93-99.

° Palmer R, Coyne R, Davey S, Smith P. Case notes on
adverse reactions associated with ivermectin therapy

of Atlantic salmon. Bulletin of the European Association
of Fish Pathologists. 1997;17(2):62-67.

10 Kilmartin J, Cazabon D, Smith P. Investigations of
the toxicity of ivermectin for salmonids. Bulletin of
the European Association of Fish Pathologists.
1997;17(2):58-61.

" Johnson SC, Kent ML, Whitaker DJ, Margolis L.
Toxicity and pathological effects of orally administered
ivermectin in Atlantic, chinook, and coho salmon and
steelhead trout. Diseases of Aquatic Organisms.
1993;17:107-112.

12 Ucan-Marin F, Ernst W, O'Dor RK, Sherry J. Effects
of food borne ivermectin on juvenile Atlantic salmon
(Salmo salar L.): survival, growth, behavior, and
physiology. Aquaculture. 2012;334-337:169-175.

13 Kabata Z. Mouth and mode of feeding of Caligidae
(Copepoda), parasites of fishes, as determined by light
and scanning electron microscopy. Journal of the
Fisheries Research Board of Canada. 1974;31:1583-1588.

4 MacKinnon B. Host response of Atlantic salmon
(Salmo salar) to infection by sea lice (Caligus elongatus).
Canadian Journal of Fisheries and Aquatic Sciences.
1993;50:789-792.

1> Brandal PO, Egidius E, Romslo I. Host blood: a
major food component for the parasitic copepod
Lepeophtheirus salmonis Kroyer, 1838 (Crustacea:
Caligidae). Norwegian Journal of Zoology.
1976;24:341-343.

16 Jones MW, Sommerville C, Bron J. The histopathology
associated with the juvenile stages of Lepeophtheirus
salmonis on the Atlantic salmon, Salmo salar L. Journal
of Fish Diseases. 1990;13:303-310.

7 Kim-Kang H, Bova A, Crouch LS, Wislocki PG,
Robinson RA, Wu J. Tissue distribution, metabolism,
and residue depletion study in Atlantic salmon
following oral administration of [*H]emamectin
benzoate. Journal of Agricultural and Food Chemistry.
2004;52:2108-2118.

'8 Arena JP, Liu KK, Paress PS, Frazier EG, Cully DF.
The mechanism of action of avermectins in
Caenorhabditis elegans: correlation between
activation of glutamate-sensitive chloride current,
membrane binding, and biological activity. Journal
of Parasitology. 1995;81(2):286-294.

' Duce IR, Bhandal NS, Scott RH, Norris TM; ed. Clark
JM. Effects of ivermectin on gamma-aminobutyric
acid and glutamate-gated chloride conductance in
arthropod skeletal muscle. Molecular action of
insecticides on ion channels. American Chemical
Society Washington (DC). 1995.

2 Vassilatis DK, Elliston KO, Paress PS, Hamelin M, Arena
JP, Schaeffer JP, Van der Ploeg LH, Cully DF. Evolutionary
relationship of the ligand-gated ion channels and the
avermectin-sensitive, glutamate-gated chloride chan-
nels. Journal of Molecular Evolution. 1997;44:501-508.

32



33

References

2 Laughton DL, Lunt GG, Wolstenholme AJ. Reporter
gene constructs suggest that the Caenorhabditis
elegans avermectin receptor beta-subunit is expressed
solely in the pharynx. Journal of Experimental Biology.
1997;200:1509-1514.

22 \Wolstenholme AJ, Rogers AT. Glutamate-gated
chloride channels and the mode of action of the
avermectin/milbemycin anthelmintics. Parasitology.
2005;131:585-S95.

2 Mushtaqg M, Syintsakos LR, Krieter PA, Colletti A,
Arison B, Crouch LS, Wislocki PG. Absorption, tissue
distribution, excretion and metabolism of *H- and "“C-
labeled emamectin benzoate in rats. Journal of
Agricultural and Food Chemistry. 1996;44:3342-3349.

2 Chukwudebe AC, Andrew N, Drottar K, Swigert J,
Wislocki PG. Bioaccumulation potential of 4-epi-
(methylamino)-4"-deoxyavermectin B;, benzoate
(emamectin benzoate) in bluegill sunfish. Journal of
Agricultural and Food Chemistry. 1996;44:2894-2899.

% Mushtag M, Allen LRS, Crouch LS, Wislocki PG. Fate
of 3H- and "C-labeled emamectin benzoate in lactating
goats. Journal of Agricultural and Food Chemistry.
1997;45:253-259.

% Wrzesinski C, Mushtag M, Faidley T, Johnson N,
Arison B, Crouch LS. Metabolism of 3H/"C-labeled 4"-
Deoxy-4"- epimethylaminoavermectin B,, benzoate
in chickens. Drug Metabolism and Disposition.
1998;26:786-794.

77 Sevatdal S, Magnusson A, Ingebrigtsen K, Haldorsen
R, Horsberg TE. Distribution of emamectin benzoate in
Atlantic salmon (Salmo salar L.). Journal of Veterinary

Pharmacology and Therapeutics. 2005;28:101-107.

% Chukwudebe AC, Beavers JB, Jaber M, Wislocki PG.
Toxicity of emamectin benzoate to mallard duck and
northern bobwhite quail. Environmental Toxicology
and Chemistry. 1998;17:1118-1123.

2 EMEA/MRL/863/03-FINAL. Committee for
veterinary medicinal products. Emamectin (extension
to finfish). Summary report 2 [Internet]. 2003 Feb
[cited 2012 Apr] Available from:
www.ema.europa.eu/pdfs/vet/mrls/086303en.pdf.

3 Roy WJ, Sutherland IH, Rodger HDM, Varma KJ.
Tolerance of Atlantic salmon, Sa/mo salar L., and
rainbow trout, Oncorhynchus mykiss (Walbaum) to
emamectin benzoate, a new orally administered
treatment for sea lice. Aquaculture. 2000;184:19-29.

31 MSD Animal Health. Study 07139. 14-day target
animal safety study: SLICE feed premix (0.2 %
emamectin benzoate, SCH 58854) administered in
feed to Atlantic salmon (Sa/mo salar L.). 2010.

32 Hicks MR, Payne LD, Prabhu SV, Wehner TA.
Determination of emamectin in freshwater and
seawater at picogram-per-milliliter levels by liquid
chromatography with fluorescence detection.
Journal of AOAC International. 1997;80:1098-1103.

3 Mushtag M, Chukwudebe AC, Wrzesinski C, Allen
LRS, Luffer-Atlas D, Arison BH. Photodegradation of
emamectin benzoate in aqueous solutions. Journal of
Agricultural and Food Chemistry. 1998;46:1181-1191.

34 Mushtaq M, Feely WF, Syintsakos LR, Wislocki PG.
Immobility of emamectin benzoate in soils. Journal of
Agricultural and Food Chemistry. 1996;44:940-944.

3 0'Grodnick JS, Wislocki PS, Reynolds JL, Wisocky M,
Robinson RA. Aged soil column leaching of emamectin
benzoate (MAB1a). Journal of Agricultural and Food
Chemistry, 1998;46:2044-2048.

36 Chukwudebe AC, Feely WF, Burnett TJ, Crouch LS,
Wislocki PG. Uptake of emamectin benzoate residues
from soil by rotational crops. Journal of Agricultural
and Food Chemistry. 1996;44:4015-4121.

37 Chukwudebe AC, Atkins RH, Wislocki PG. Metabolic
fate of emamectin benzoate in soil. Journal of
Agricultural and Food Chemistry. 1997;45:4137-4146.

38 Crouch LS, Feely WF. Fate of ["*C] emamectin
benzoate in head lettuce. Journal of Agricultural
and Food Chemistry. 1995;43:3075-3087.



3% Wrzesinski CL, Arison BH, Smith J, Zink DL,
VandenHeuval WJA, Crouch LS. Isolation and
identification of residues of 4”-(epi-methylamino)-4"'
deoxyavermectin B,, benzoate from the surface of
cabbage. Journal of Agricultural and Food Chemistry.
1996;44:304-312.

4 Allen LS, Wrzesinski CL, Feely WF, Boss GA, Crouch LS.
Incorporation of emamectin benzoate (MK-0244)
residues into soluble sugars of plants. Journal of
Agricultural and Food Chemistry. 1997;45:4131-4136.

4 Crouch LS, Wrzesinski CL, Feely WF. Fate of ("*C/2H)
emamectin benzoate in cabbage, 1. Extractable
residues. Journal of Agricultural and Food Chemistry.
1997;45:2744-2757.

42 Feely WF, Crouch LS. Fate of (**C) emamectin
benzoate in cabbage, 2. Unextractable residues.
Journal of Agricultural and Food Chemistry.
1997;45:2758-2762.

4 McHenery J. Expert report on the potential
environmental impact of emamectin benzoate,
formulated as SLICE®, for salmonids [unpublished
report] MSD Animal Health. 1998.

4 Telfer T, Baird DJ, McHenery JG, Stone J, Sutherland |,
Wislocki P. Environmental effects of the anti-sea lice
(Copepoda: Caligidae) therapeutant emamectin
benzoate under commercial use conditions in the
marine environment. Aquaculture. 2006;260:163-180.

4 Stone J, Sutherland IH, Sommerville C, Richards RH,
Varma KJ. The efficacy of emamectin benzoate as an
oral treatment of sea lice, Lepeophtheirus salmonis
(Kroyer), infestations in Atlantic salmon, Salmo salar L.
Journal of Fish Diseases. 1999;22:261-270.

46 Stone J, Sutherland IH, Sommerville C, Richards RH,
Varma KJ. Field trials to evaluate the efficacy of
emamectin benzoate in the control of sea lice,
Lepeophtheirus salmonis (Kroyer) and Caligus elongatus
Nordmann, infestations in Atlantic salmon Salmo salar
L. Aquaculture. 2000;186:205-219.

47Stone J, Sutherland IH, Sommerville C, Richards RH,
Varma KJ. Commercial trials using emamectin benzoate
to control sea lice Lepeophtheirus salmonis infestations
in Atlantic salmon Salmo salar. Diseases of Aquatic
Organisms. 2000;41:141-149.

48 Bustos PS, Perez AN. MSD Report 28441. SCH 58854:
Determination of the efficacy of the product SCH 58854
in the control of the ectoparasite Caligus sp. in the
rainbow trout (Oncorhynchus mykiss) raised in
cage-pond. 1999.

49 Ramstad A, Colquhoun DJ, Nordmo R, Sutherland IH,
Simmons RD. Field trials in Norway with SLICE® (0.2%
emamectin benzoate) for the oral treatment of sea lice
infestation in farmed Atlantic salmon (Sa/mo salar L.).
Diseases of Aquatic Organisms. 2002;50:29-33.

*0 Gustafson L, Ellis S, Robinsons T, Marenghi F,
Endris R. Efficacy of emamectin benzoate against sea
lice infestations of Atlantic salmon, Salmo salar L.:
evaluation in the absence of a contemporary control.
Journal of Fish Diseases. 2006;29:621-627.

51 Merck Animal Health. Study S11147-00-SLI-CLI-AQ.
Field effectiveness of SLICE® (0.2% emamectin
benzoate) for control of sea lice, Lepeophtheirus
salmonis and Caligus elongatus, infestations on
Atlantic salmon, Salmo salar, in the U.S.: 2001-2009.

52 Armstrong R, MacPhee D, Katz T, Endris R. A field
efficacy evaluation of emamectin benzoate for the
control of sea lice on Atlantic salmon. Canadian
Veterinary Journal. 2000;41:607-612.

33 Romero M, Sutherland IH, Katz T, Endris RG.
Efficacy of SLICE against sea lice Caligus flexispina
and Caligus teres on Atlantic salmon in Chile. In:
Proceedings of the 4th International Conference
on Sea Lice; 1999 June 28-30; Dublin (Ireland).
Aquaculture Research 31.

54 Stone J, Sutherland IH, Sommerville C, Richards RH,
Endris RG. The duration of efficacy following oral
treatment with emamectin benzoate against
infestations of sea lice, Lepeophtheirus salmonis
(Kroyer) in Atlantic salmon Salmo salar L. Journal of
Fish Diseases. 2000;23:185-192.

55 Stone J, Roy W, Sutherland IH, Ferguson HW,
Sommerville C, Endris R. Safety and efficacy of
emamectin benzoate administered in-feed to Atlantic
salmon, Salmo salar L., smolts in freshwater, as a
preventive treatment against infestations of sea lice,
Lepeophtheirus salmonis (Kroyer). Aquaculture.
2002;210:21-34.

34



SLICE® is the property of Intervet International B.V. or affiliated

companies or licensors and is protected by copyright, trademark
and other intellectual property laws.

Copyright®© 2012 Intervet International B.V., a subsidiary of
Merck & Co., Inc., Whitehouse Station, NJ, USA
MSD-SSP-12

Specific product details such as indications, withdrawal time,
legal category, etc. may vary by country. Please refer to

your local package insert for details or contact your local
MSD Animal Health representative.

.
.
' ®®eccccncec®

¢ MSD

Animal Health



