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In Atlantic Canada, Moritella viscosa is often cultured from Atlantic salmon skin ulcers in the summer and autumn
months when water temperature is > 10 °C. The objectives of our study were to: 1) describe the development of
skin ulcers associated with an Atlantic Canadian M. viscosa isolate; and 2) determine if this isolate could be
transmitted horizontally between ﬁsh via water under laboratory conditions. Atlantic salmon in salt water were
bath-immersed with M. viscosa (5.6 × 106 cfu ml-1) at 10.9 ± 0.2 °C. After observing skin lesions, water from
each bath-challenge tank was diverted to a “delayed-challenge” tank with previously unexposed ﬁsh. The initial
bath-challenge ﬁsh expressed clinical signs of skin ulcers within four days of exposure. Fish that were not sacriﬁced during our trial fully recovered by 26 days post-challenge. No clinical signs of disease were observed in
ﬁsh from the delayed-challenge tanks. Our results suggest skin lesions induced by an M. viscosa isolate from
Atlantic Canada have similar pathology to winter ulcer disease described in Europe. Most bath-challenged ﬁsh
were not systemically infected until the development of visible skin ulcerations. None of the delayed-challenge
ﬁsh were infected with M. viscosa, which suggests horizontal transmission via the water was not suﬃcient to
cause disease in our study.

1. Introduction
Skin ulcers in saltwater farmed Atlantic salmon (Salmo salar) are
diﬃcult to manage, leading to elevated mortality rates and antibiotic
use (MacKinnon et al., 2019). The skin ulcers from ﬁsh in Atlantic
Canada resemble lesions described for winter ulcer disease in Europe
(Lunder et al., 1995) and Moritella viscosa, is often, but not always,
cultured from these cases. The primary diﬀerence between the European and Eastern Canadian cases is that outbreaks occur at warmer
water temperatures in Canada (MacKinnon et al., 2019).
The histopathology of winter ulcer disease in Europe has been described extensively. Acute to subacute lesions reach as far down as the
compact dermis, with a mild to moderate presence of inﬂammatory
inﬁltrate (Lunder et al., 1995). Chronic lesions extend past the hypodermis to the muscle and can present with severe inﬂammatory inﬁltration in the hypodermis, degenerative changes in muscle cells, and
endothelial cell damage (Lunder et al., 1995). Moritella viscosa often
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invades systemically following the development of visible skin lesions
in winter ulcer disease cases (Karlsen et al., 2012; Løvoll et al., 2009).
Transmission of infectious pathogens in ﬁsh housed in communal
water is often assumed to occur through the contamination of the
aquatic environment with pathogen-infected feces and urine; however,
in cases where infection is limited to the skin, this route of transmission
may not be as signiﬁcant especially if the ﬁsh are not in direct contact
with one other to exchange infected mucus. There are documented
cases of clinically unaﬀected net-pens of ﬁsh directly adjacent to pens of
ﬁsh undergoing skin ulcer disease outbreaks (MacKinnon et al., 2019),
suggesting transmission between salt water pens is not consistent. There
has only been one laboratory study on the transmission of winter ulcer
disease and it reported minimal horizontal transmission of the bacteria
between Atlantic salmon in direct contact with ulcerated ﬁsh (Lunder
et al., 1995). Understanding the potential for infected ﬁsh to transmit
M. viscosa to other ﬁsh in neighboring net-pens is important when
making treatment decisions. If not all net-pens are initially exposed to
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the challenge tanks.
Positive controls consisted of 25 ﬁsh injected intraperitoneally (i.p.)
with 0.1 ml of M. viscosa culture broth (estimated at 8.6 × 107 cfu of M.
viscosa per ﬁsh).
After the bath challenge, we observed the ﬁsh in all tanks twice
daily for the presence of early skin lesions, ulcers, and mortality; at least
ﬁve ﬁsh per tank were dip-netted daily to conﬁrm the presence or absence of skin lesions throughout the study, including the control tanks.
“Early lesions” were deﬁned as scale loss, mild epithelial erosion (no
exposure of dermis), and/or localized swelling of the skin, and “ulcers”
were deﬁned as epithelial erosion with exposure of dermis and/or
muscle. The time to ﬁrst observation of early lesions and ulcers was
noted for all tanks. When early lesions were observed in at least one ﬁsh
in the bath-challenge tanks, we diverted the water from each bathchallenge tank to an adjacent delayed-challenge tank (25 ﬁsh in each
tank) for the remainder of the experiment.
We sampled varying numbers of ﬁsh with no skin lesions, early lesions, and ulcers from the bath-challenge and the delayed-challenge
tanks based on the progression of the disease and availability of animals. We also sampled 11ﬁsh from the negative control tanks and nine
ﬁsh from the positive control tank during the course of the study. At the
end of the experiment (26 days post-exposure) we sampled ﬁve ﬁsh
from all tanks, including the control tanks.
Fish were euthanized with 250 ppm tricaine methanesulfonate
(TMS) (Aqualife TMS, Syndel Canada) prior to sampling. Each sampled
ﬁsh was weighed and the presence of gross internal and external signs
of disease was recorded. We also noted the presence of digesta in the
gastrointestinal tract.
Skin samples for bacteriology, histopathology, and molecular diagnostics from ﬁsh with no skin lesions were taken at the midline on the
lateral left side of the ﬁsh between the pelvic and anal ﬁns. Three ﬁsh
representing the diﬀerent stages of disease in the study (no lesions but
exposed to TSB-2, early lesions, and ulcers) were sampled for histology.
Skin (with underlying muscle) and liver tissue from these ﬁsh were
ﬁxed in 10% buﬀered formalin, processed for histology and stained
with hematoxylin and eosin (H & E) and/or methylene blue.

the pathogen there may not be a need to medicate the entire farm. In
contrast, if one net-pen is aﬀected and the pathogen is spread to other
pens shortly after, it may be beneﬁcial to treat all pens to minimize
mortality and control the outbreak.
Little is known about the potential role of M. viscosa in the context
of skin ulcers in Atlantic Canadian ﬁeld cases at temperatures above
8 °C. The objectives of our study were to: 1) describe the development
of skin ulcers associated with an Atlantic Canadian M. viscosa isolate;
and 2) determine if this isolate could be transmitted horizontally between ﬁsh via water under laboratory conditions.
2. Materials and methods
2.1. Experimental ﬁsh and water quality
Healthy unvaccinated Atlantic salmon smolts (n = 234), weighing
an average of 133.8 g (Std. Dev. 28.8), were acquired from a commercial hatchery in New Brunswick, Canada. Fish were held in a recirculating system at the Atlantic Veterinary College (AVC) Aquatic
Animal Facility (aquatic containment level 2), University of Prince
Edward Island (UPEI) (Charlottetown, PE, Canada). The ﬁsh were
transferred to salt water prior to the experiment and acclimatized to a
salinity of 31.8 ± 1.9 ppt over a period of four weeks. Each tank
contained 280 L of salt water (Instant Ocean® sea salt) and eﬄuent
water was ﬁltered with two 5 μm ﬁlters in series and treated with four
ultraviolet radiation units in series (UV3000, Wykomar, 100 W), sterilizing 113 L-min at a dose of 49 mJ cm2-L (UVT 95%). Water quality
(dissolved oxygen, ammonia, nitrite, nitrate, and pH) was monitored
and kept within normal range for Atlantic salmon (CCAC, 2018). Fish
were held on a 14-h light photoperiod. Water temperature was maintained at 10.9 ± 0.2 °C. Fish were fed commercial pellets (Skretting,
Stavanger, Norway) to satiation and the amount of food oﬀered to each
tank was recorded. Our study was conducted in accordance with the
UPEI Animal Care Committee, which follows the principles and
guidelines of the Canadian Council on Animal Care (CCAC, 2018).
2.2. Bacterial isolate

2.3.1. Bacteriology
We swabbed skin lesions and kidney tissue of all sampled ﬁsh for
bacterial culture. Culture plates were incubated for 14 days at 4 °C on
blood agar media (2% NaCl). We identiﬁed M. viscosa colonies morphologically by typical hemolysis, colony pigmentation, and viscosity
(Benediktsdóttir et al., 1998). We ﬁxed bacterial colonies that were
morphologically characteristic of M. viscosa in ethanol and tested them
with qPCR; all cultures from our control ﬁsh were also tested by qPCR
regardless of the morphological characteristics. Representative colonies
were also submitted to the Aquatic Diagnostic Services Bacteriology
Laboratory (AVC, UPEI, Charlottetown, PE, Canada) for identiﬁcation
using MALDI-TOF Mass Spectrometry (Bruker microﬂex LT MALDI-TOF
system with BioTyper RTC software). A sample of skin lesion (with
underlying muscle) and head kidney tissue were aseptically collected
and ﬁxed in 90% ethanol for direct tissue qPCR and/or 16S rRNA gene
sequencing. All PCR testing was submitted to RPC for analysis. In brief,
DNA was extracted from ethanol-preserved material using the DNeasy
Blood and Tissue kit (Qiagen) and quantiﬁed using Nanodrop® ND1000 (Nanodrop Technologies). The real-time PCR assay was conducted
using primers and probe which target the tonB gene of M. viscosa
(GenBank EU332345) as speciﬁed in (Grove et al., 2008). Samples were
analyzed in duplicate in 25 μL reactions using 2x TaqMan Universal
PCR Master Mix (Life Technologies) on a BioRad CFX96 Real-Time PCR
machine. Ampliﬁcation conditions followed those determined in
(Løvoll et al., 2009). DNA from an independent culture of the same M.
viscosa isolate as used in our challenges served as a positive control. The
assay also featured DNA from Aliivibrio wodanis as a negative control in
addition to reagent controls. Real-time data was analyzed by Bio-Rad
CFX Manager Software (v. 3.1, Bio-Rad). Average cycle threshold (Ct)

Moritella viscosa (source: Elanco Animal Health, Charlottetown, PE,
Canada) was isolated from a clinical Atlantic salmon ulcer disease case
(2012) from the Bay of Fundy, New Brunswick, Canada. Water temperature at the time of the outbreak was 10 °C. This isolate had been
previously characterized and conﬁrmed to be M. viscosa by 16S rRNA
gene sequencing; in addition, an in vivo challenge model for this isolate
had been developed in a series of independent studies performed at the
Fisheries and Oceans Canada, Saint Andrews Biological Station (DFOSABS) in Saint Andrews, NB, Canada.
Moritella viscosa was cultured in Tryptone Soya Broth with 2% NaCl
(TSB-2) in 2 L ﬂasks with agitation and maintained at 11 ± 1 °C for the
experiment. The bacteria was cultivated at the New Brunswick
Research and Productivity Council (RPC) (Fredericton, NB, Canada)
and transported to AVC-UPEI Aquatic Animal Facility, where culture
concentration was conﬁrmed prior to the challenge.
2.3. Experiment
The experiment consisted of nine tanks and four experimental
groups: bath-challenge (three tanks), delayed-challenge (three tanks),
positive control (one tank), and negative control (two tanks). Prior to
experimentation, 10 ﬁsh were sampled from the negative control tanks
for the presence of M. viscosa and clinical signs of skin ulcers. The bathchallenge group had 25 ﬁsh in each tank. Fish were transferred to a
separate 150 L saltwater tank (11.5 °C) and exposed for 1 h to a concentration of 5.6 × 106 cfu ml-L M. viscosa. We immersed the negative
control ﬁsh (30 and 29 ﬁsh in each tank) for 1 h in a 125 L saltwater
tank (11.5 °C) with the same amount of TSB-2 that was used for dosing
2
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values were reported for all samples; Ct values less than 32 were considered to be “strong positive” and Ct values equal to or greater than 32
and less than 37 were considered “positive”. Samples with Ct values
equal to 37 or higher were characterized as “questionable” and were
further tested with partial 16S rRNA gene sequencing. The latter was
also performed by RPC using 16S rRNA gene primer sets (p515f:
gccagcagccgcggtaa; E. coli position 515–533; p806r: ggactaccagggtatctaat; E. coli position 806–787) for the PCR (Griﬃths et al., 2001).
Amplicons were sequenced on an ABI Prism 3130xl Genetic Analyzer
(Applied Biosystems/Life Technologies). Preliminary phylogenetic associations were determined by comparing sequences with 16S rRNA
gene databases.
We also collected water samples for bacterial culture three times a
week for a period of 2 weeks at the start of the study from both negative
control tanks, one bath-challenge tank, and one delayed-challenge tank.
Water samples were sterile-ﬁltered, and ﬁlters were plated on blood
agar media (2% NaCl) and incubated at 4 °C for seven days. Moritella
viscosa colonies were identiﬁed morphologically.

Table 1
Percentage of total ﬁsh sampled with digesta in the gastrointestinal tract from
the bath challenge (grouped by ﬁsh with no skin lesions, early lesions, ulcers,
and no skin lesions after recovery), delayed-challenge, and negative control
groups.
Experimental group

Stomach

Intestines

Bath-challenge
No lesions
Early lesions
Ulcers
After recovery

100% (7/7)
74% (14/19)
67% (8/12)
100% (14/14)

100% (7/7)
100% (19/19)
75% (9/12)
100% (14/14)

Delayed-challenge
Negative control

91% (41/45)
100% (10/10)

100% (45/45)
100% (10/10)

had evidence of recovering ulcers with scarring of the skin (n = 38). We
slowly
decreased
the
system
water
temperature
from
10.9 ± 0.2 °C–8.5 °C, over the following seven days (days 13–19), to
attempt to increase the virulence of M. viscosa; however, by the end of
our experiment (day 26) all ﬁsh initially diagnosed with skin ulcers
were clinically normal with no skin lesions remaining.
Twenty-six percent (5/19) of ﬁsh with early lesions and 42% (5/12)
of ﬁsh with ulcers in the bath-challenge tanks had petechial hemorrhage (or passive congestion) in the liver.
We observed no clinical signs of disease in the delayed-challenge or
negative control ﬁsh throughout the entire experiment. Our positive
control ﬁsh all exhibited early lesions at the injection site beginning on
day ﬁve post-injection. By the end of the experiment, 71% (10/14) of
the sampled positive control ﬁsh had clinical signs of skin lesions, and
36% (5/14) of these ﬁsh were moribund or died prior to sampling. Fish
in the positive control, bath-challenge, and delayed-challenge groups
consistently ate less food than the negative control ﬁsh after day four
post-exposure (Table 1). The proportion of ﬁsh with food in their stomach (suggesting recent cessation of food consumption) decreased with
the severity of lesion, but this relationship was not statistically signiﬁcant (P = 0.454). The only group of ﬁsh that did not have digesta in
their intestines (suggesting that the ﬁsh were oﬀ feed for a few days)
were the ﬁsh with skin ulcers, but this was also not statistically signiﬁcant from the ﬁsh with no lesions (P = 0.255).

2.3.2. Statistical analysis
All statistical comparisons were done using an exact logistic regression model in Stata 13 (StataCorp, College Station, TX). We assessed whether ﬁsh with no lesions and ﬁsh with ulcers had similar
prevalence of food in their gut, as well as whether systemic infections
were similar for ﬁsh with early lesions and ﬁsh with ulcers.
3. Results
3.1. Gross observations
We ﬁrst observed early lesions in 91% (68/75) of ﬁsh in the bathchallenge group four days after exposure to M. viscosa at 10.9 ± 0.2 °C.
These lesions varied in appearance from skin swelling to mild epithelial
erosion, and ranged from 0.5 to 2 cm in diameter on the lateral sides
and ventral regions of ﬁsh (Fig. 1).
On day six post exposure, we observed the ﬁrst small skin ulcers in
5% (3/57) of ﬁsh in the bath-challenge tanks; ulcers ranged in diameter
from 0.1 to 2 cm (Fig. 1). All ﬁsh in the bath-challenge tanks eventually
developed small ulcers by day 7.
By day 12, all remaining ﬁsh in the tanks that had not been sampled

3.2. Histopathological observations
3.2.1. Negative control ﬁsh
The histopathological evaluation of liver (Fig. 2) and skin (Fig. 3)
samples from three negative control ﬁsh revealed no signiﬁcant morphological irregularities.
3.3. Bath-challenge ﬁsh: early lesions
Skin samples from all three ﬁsh with early lesions had regions of
scale loss and evidence of degeneration of epithelial cells in the epidermis, characterized by cell dissociation at the periphery of the early
lesion (Fig. 3). There was mixed inﬂammatory inﬁltrate, consisting
predominately of granulocytes and protein, evident within scale
pockets, epidermis, compact dermis, hypodermis, and up to the leading
edge of underlying red skeletal muscle (Fig. 3). Bacterial rods were also
evident within the integument (Fig. 3).
Liver samples from the same ﬁsh showed no signiﬁcant morphological irregularities, with the exception of an elevated granulocyte population within the sinusoids (Fig. 2).

Fig. 1. (a) Early skin lesion (arrow) evident between the pelvic and anal ﬁns on
a ﬁsh in the bath-challenge group on day four of the experiment. This lesion
presented as scale loss and mild erosion of the skin; (b) several early skin lesions
(small arrows) and an ulcer (large arrow) evident on the left lateral side of a ﬁsh
in the bath-challenge group on day six of the experiment.

3.4. Bath-challenge ﬁsh: ulcers
Skin samples from three ﬁsh with ulcers showed a loss of the epidermal layer at the site of the lesion, with missing scales. The exposed
3
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Fig. 2. (a) No signiﬁcant morphological changes in the liver from a negative control ﬁsh (H & E stain); (b) mixed leucocytic inﬁltrate (arrows) within the sinusoid of a
liver from a bath-challenge ﬁsh with an early skin lesion (H & E stain); (c) inﬂammation of a sinusoid (small arrows) and congestion of sinusoids (large arrows) in a
liver from a bath-challenge ﬁsh with a skin ulcer (H & E stain).

(Table 2). All skin and kidney sampled from negative control ﬁsh were
negative for M. viscosa by culture and skin was negative by qPCR
(Table 2). All water samples from the bath-challenge, delayed-challenge, and negative control tanks were negative for M. viscosa via culture.

compact dermis, hypodermis, and red skeletal muscle were inﬁltrated
by bacterial rods, with no inﬂammatory response evident. There was
hydropic degeneration of epithelial cells in the integument and red
muscle ﬁbres. The liver samples from the same ﬁsh had inﬂammation of
the sinusoids with congestion and mixed leucocytic inﬁltrates of the
vessel walls (Fig. 2), but no bacteria were observed.

4. Discussion
3.5. Bacteriology
We performed a bath-immersion challenge with an Atlantic
Canadian isolate of M. viscosa at 10.9 ± 0.2 °C to describe the clinical
signs of skin ulcers over time and investigate whether the pathogen
could be horizontally transmitted between tanks. Our results suggest
ulcers induced by an M. viscosa isolate from Atlantic Canada, at an
elevated temperature, produced similar pathology to winter ulcer disease described in Norway.
The bath-challenge ﬁsh ﬁrst exhibited early skin lesions four days
after exposure to M. viscosa, and skin ulcers by day six of the study,
which is consistent with other experimental infections at colder water
temperatures (Løvoll et al., 2009). All ﬁsh in our bath-challenge group
developed skin lesions after exposure to the bacteria. We observed
degeneration and vacuolation of epithelial cells (Fig. 3), with mixed
inﬂammatory inﬁltrate in the integument and muscle (Fig. 3), and
bacterial rods in the integument and red skeletal muscle (Fig. 3); this
pathology was very similar to what is observed in winter ulcer disease
lesions in Europe (Lunder et al., 1995). These ﬁndings suggest skin
ulcers can be induced in Atlantic salmon at temperatures above 10 °C
with at least one isolate from the Bay of Fundy, Canada.
We evaluated whether ﬁsh with diﬀerent severity of skin lesions
associated with M. viscosa were systemically infected with the pathogen. Despite the congestion and inﬂammation of the sinusoids in the

In the bath-challenge group, the ﬁsh without skin lesions had no
evidence of internal infections with M. viscosa via culture or qPCR.
Systemic infections were evident in ﬁsh with skin lesions by day 4 of the
study. Less than 12% (2/19) of the ﬁsh with early skin lesions had M.
viscosa in their kidneys. Moritella viscosa was evident in skin cultures
from 92% (11/12) of ﬁsh with ulcers (Table 2); however only 58% (7/
12) of these ﬁsh had positive kidney cultures. Fish that developed skin
ulcers had a signiﬁcantly higher rate of systemic infections than ﬁsh
with early lesions (P = 0.014). All skin and kidney cultures identiﬁed as
M. viscosa morphologically from the bath-challenge ﬁsh, except for one,
were conﬁrmed as positive by qPCR.
Bacteria were identiﬁed on the skin of 13% of ﬁsh (6/45) and in the
kidney of one ﬁsh (1/45) in the delayed-challenge group via culture
(Table 2); however, only one skin culture and one kidney culture (from
the same ﬁsh) had detectable Ct readings for M. viscosa (> 37). Further
analyses by 16S rRNA gene sequencing conﬁrmed the bacterial growth
as a Vibrio sp. on the skin culture and a Rheinheimera sp. for the kidney
culture. None of the qPCR tests conducted directly on skin and kidney
tissues for ﬁsh in this group were positive for M. viscosa (Table 2).
Fifty percent (7/14) of the positive control ﬁsh were identiﬁed as
positive for M. viscosa by skin culture and 43% (6/14) by kidney culture
4
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Fig. 3. (a) No signiﬁcant morphological changes in the skin from a negative control ﬁsh (H & E stain); (b) degeneration of epithelial cells in the epidermis (arrows) of
a bath-challenge ﬁsh with an early skin lesion (H & E stain); (c) mixed inﬂammatory inﬁltrate (arrows), consisting predominately of granulocytes and protein, within
the compact dermis, hypodermis, and up to the leading edge of underlying red skeletal muscle of a bath-challenge ﬁsh with an early skin lesion (H & E stain); (d)
bacteria (arrows) within the integument of a bath-challenge ﬁsh with an early skin lesion (Methylene blue stain).

liver of some ﬁsh with skin ulcerations, there was no histological evidence of bacteria in this tissue (Fig. 2). It is possible that the pathological changes observed in this organ could have been due to cytotoxins
produced by M. viscosa (Bjornsdottir et al., 2011) and not by the colonization of the bacteria in the liver. Only 58% of the ﬁsh were systemically infected by the time ﬁsh started consuming less feed and
developing ulcers. Our ﬁndings are also consistent with studies that
suggest M. viscosa ﬁrst develops ulcers in the skin, and only invades
systemically at later stages of infection (Karlsen et al., 2012). These
ﬁndings may also explain why M. viscosa is not always cultured from
kidneys of ﬁsh with skin ulcers in the ﬁeld.
The feeding trend suggested ﬁsh start reducing feed consumption by

the time they have early signs of ulcers similar to what has been reported by Whitman et al. (2001) in New Brunswick and Coyne et al.
(2004, 2006) in Norway. The fact that ﬁsh may not feed as voraciously
once they start to have M. viscosa infections means it would be more
diﬃcult to treat with antibiotics and may explain anecdotal reports of
treatment failure for this disease in Atlantic Canada. It may be important to start treatments for this bacterial disease before clinical signs
are severe. It would also be helpful for the industry to treat with an
antibiotic that targets the skin as the bacteria were predominantly detected in this organ during early stages of infection. One of the issues
with treating skin ulcers early in the disease process is that early skin
lesions are diﬃcult to observe and can often go undetected in sea cages.

Table 2
Percentage of ﬁsh with skin and kidney cultures identiﬁed morphologically as M. viscosa, and percentage with positive skin and kidney tissue samples by qPCR
(Ct < 45), from the bath challenge (grouped by ﬁsh with no skin lesions, early lesions, ulcers, and no skin lesions after recovery), delayed-challenge, negative
control, and positive control groups.
Experimental group

Positive skin culture

Positive skin tissue qPCR

Positive kidney culture

Positive kidney tissue qPCR

Bath challenge
No lesions
Early lesions
Ulcers
After recovery

29% (2/7)
63% (12/19)
92% (11/12)
7% (1/14)

40% (2/5)
33% (2/6)
100% (12/12)*
14% (1/7)

0% (0/7)
11% (2/19)
58% (7/12)c
0% (0/14)

20% (1/5)
17% (1/6)
42% (5/12)
0% (0/7)

Delayed-challenge
Positive control
Negative control

13% (6/45)
50% (7/14)
0% (0/15)

0% (0/21)
N/Ab
0% (0/11)

2% (1/45)a
43% (6/14)
0% (0/15)

0% (0/2)
100% (1/1)
N/A2

a
b
c

Did not sequence as M. viscosa by 16S rRNA gene sequencing.
Did not test tissues by qPCR in these ﬁsh.
Statistically signiﬁcant diﬀerence in the proportion of positive cultures between the ulcer group and early lesion group.
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However, even when ﬁsh are not treated for skin ulcers some can recover from mild skin lesions (Lunder et al., 1995). This was apparent in
our study and has been reported in Atlantic Canada.
Another question that arises when treating skin ulcers on saltwater
farms is whether to treat all cages or only the aﬀected cages on a farm.
Infectious disease pathogens are often spread horizontally through the
water between sea cages (Crane and Hyatt, 2011; Robertsen, 2011). In
the case of M. viscosa, there are reports that pens within aﬀected farms
do not succumb to disease (MacKinnon et al., 2019). In our laboratory
study, we could not transmit the bacteria from one tank to another.
None of the ﬁsh in our delayed-challenge tanks had clinical signs of skin
lesions and M. viscosa was not conﬁrmed in skin and kidney samples of
these ﬁsh by molecular diagnostics (Table 2). We also did not detect
bacteria in the water samples we tested in the bath-challenge and delayed-challenge tanks during the study. The lack of horizontal transmission in our trial is consistent with ﬁndings of another study with a
European strain of M. viscosa, which had limited success in transmitting
the pathogen via direct co-habitation with infected ﬁsh (Lunder et al.,
1995). The lack of transmission of M. viscosa from infected ﬁsh may be
due to the fact that almost half the ﬁsh with ulcers were not systemically infected with this pathogen and, therefore, may not have shed
high levels of bacteria via feces and urine. This was supported by the
fact that we were not able to detect bacteria in our water sample cultures. Since M. viscosa does not appear to be readily transmitted horizontally via water like other bacterial pathogens such as Aeromonas
spp. or Vibrio spp. infections (Jun and Woo, 2003; Rose et al., 1990),
producers may not need to treat cages that have no evidence of infection with the bacteria (i.e. no early stages of disease) if they can control
the infections in aﬀected pens.
A limitation of this study was that we were not able to induce severe
disease or mortality from the bath challenge with M. viscosa. The fact
that we did not have mortality in our challenge tanks may have reduced
our ability to test horizontal transmission of this pathogen. One possible
reason for the low mortality was that we conducted our study at a water
temperature of 10.9 ± 0.2°C. European pathogenic strains of M. viscosa
have been shown to have reduced replication, motility, cell stability,
and cell adhesion abilities at warmer temperatures (Tunsjø et al., 2007,
2009). We lowered the water temperature to 8.5 °C by day 19 of the
study to delay wound healing, but this had no eﬀect on the proportion
of ﬁsh aﬀected or the severity of their skin lesions.
Another possible reason for the low mortality rate in this study and
potentially the reason why we did not see transmission to our delayed
challenge tanks was that we sampled some of the ﬁsh with clinical signs
of disease thus reducing the bacterial load present in tanks. Further, UV
sterilization on our recirculation system would have eventually reduced
the bacteria load in the water column after the ﬁrst pass through the
tanks. Despite this limitation, we were able to describe the progression
of disease and transmission of the pathogen after bath challenge, which
was consistent with ﬁeld observations and other studies conducted at
lower temperatures.
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