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Abstract
In the current study, Atlantic salmon (Salmo salar

F. psychrophilum to evaluate their virulence and their ability to induce mortality via the 

mortality progression and ulcer development depended on the challenge isolate and dose used. 

suggest that Atlantic salmon are less susceptible to experimental challenge with F. psychrophilum, 
compared to what has previously been reported in challenge studies on rainbow trout (Oncorhynchus 
mykiss 

F. psychrophilum, 

Introduction
Flavobacterium psychrophilum is a Gram nega-

syndrome’ (RFTS) and ‘bacterial cold water 

-
stantial mortality in the aquaculture industry 
worldwide, and F. psychrophilum represents 

-

with lower mortality (Noga, 2010).

Genome sequencing has revealed several 
., 

1994; Duchaud et al., 2007) assumed to be es-
F. 

psychrophilum (Dalsgaard, 1993; Nematollahi 
et al.,

-

-
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sion (Madetoja et al., 2003; Nematollahi et al., 
2003a, 2003b; Noga, 2010). Most experimental 

F. psychrophilum 

rainbow trout (Oncorhynchus mykiss L.) as the 
-

genesis. Virulence is known to vary consider-

under experimental challenge has been shown 

Madsen and Dalsgaard, 1999). In challenge 

(1999), intraperitoneal (IP) and bath challenge 

-

intramuscular (IM) challenge. To overwhelm 

Long et al., (2014) disrupted the dermal layer 
using a sterile scalpel to scar rainbow trout (0.3 

increase mortality, achieving 81.5% and 19.4% 
-

tively. In later years, IM injection has become 
the most commonly used challenge route, inter 
alia
(> 30 g), since it is highly reproducible and has 
the capacity to discriminate between protective 
and less protective vaccines (Fredriksen et al., 

., 2008; Madetoja et 
al., 2006).

F. psychrophilum 
in Chile in 1993, BCWD has become a major 
challenge causing high mortalities during the 

recent study where biochemical and physi-
ological analysis were conducted on Chilean 

Salmo salar L.) 
-

rainbow trout and Atlantic salmon were also 

slide agglutination, and it was concluded that 

Th-FpT serotype. 

In the current study we have evaluated the viru-
F. psychrophilum

two challenge studies presented herein were to 
-

F. psychrophilum
-

ing high mortality in Atlantic salmon using IM 
challenge (demonstrating a dose-response). 

with F. psychrophilum (Buchmann et al., 2009; 
Wood and Yasutake, 1956), ulceration rates 

the dose-response challenge. The overall objec-

establishing a reproducible challenge procedure 
with F. psychrophilum that induces high levels 

Materials and methods
Experimental infection

F. psychrophilum

delivered to PHARMAQ on Anacker and Ordal 
medium (MAOA) (Anacker and Ordal, 1955), 
or tryptone yeast extract salt (TYES) medium. 
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broth and agar at 15oC (Holt et al., 1993) and 
F. psychrophilum by 

morphology and PCR. Isolates were stored at 
-80o -

isolates prior to challenge. At challenge, all iso-

to the required challenge doses (as described 
below). The isolates were administered using 
insulin syringes (BD Medical Micro-Fine™ 0.5 

injected in the muscle above the lateral line, 

F. psychrophilum, previously demonstrated to 
be highly virulent to rainbow trout, was also 
included in the challenge at a concentration 
approximately 100 times higher than previously 
used in rainbow trout (Fredriksen et al., 2013a).

unvaccinated Atlantic salmon were obtained 

Bergen (ILAB), Norway to conduct the current 

F. psychrophilum was 
approved by The Norwegian Animal Research 
Authority (NARA) prior to commencing the 
work. Fish with visible ulcers or displaying 

-
point). Fish were kept in 150 L tanks containing 

oC 

and oxygen levels above 80 % saturation at 
all times.

Evaluation of virulence

-

tank and challenged intramuscularly with the 

Table 1. 

Isolate Land of 
origin

Region Date of 
sampling

Species Tissue*** Fish 
size 
(g)

Tempe-
rature 
(oC)

Salinity

AL7015 Chile ND* Aug. 2008 A.salmon Kidney 10.8 9.0 Fresh water

AL7019 Chile ND* Aug. 2008 A.salmon Kidney 24.3 9.5 Fresh water

AL7023 Chile ND* Aug. 2008 A.salmon Kidney 35.8 7.0 Fresh water

AL 20043 Chile IX Feb. 2009 A.salmon Per. cavity ND* ND* Fresh water

AL 20432 Chile X Mar. 2013 A.salmon ND* 16.1 16.0 Fresh water

AL 
20211**

Norway Hordaland Aug. 2011 Rainbow 
trout

ND* ND* ND* Brackish 
water

* ND – not documented, ** Control: the isolate has been demonstrated to be highly virulent in rainbow trout 
(Fredriksen et al., 2013a), *** Per. – peritoneal.
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600 -
mately 1.0 x 109

as previous studies including non-challenged 
groups have demonstrated that any horizontal 

F. psychrophilum will not con-

experimental challenge (unpublished results).

Evaluation of dose-response
-

dose-response. Both isolates (AL 20432 and AL 
7023) resulted in 100 % mortality by 10 days 
post-challenge (dpc) in the virulence test. Dilu-
tion series equivalent to injecting 3.4 × 107 to 3.4 × 
104 dilution 1:10-10 000) and 
9.0 × 107 to 1.8 × 104 dilution 
1:2-10 000) in each 0.05 mL injection were pre-
pared in PBS and injected as described above. 

Development of ulceration post-challenge
-

injection, as previously described (Fredriksen 

present/not present, with major swellings or 
skin lesions registered as positives.

Statistical analysis

Excel, while GraphPad PRISM 5 was used to 

Pearson r correlation test.

Results and discussion
Adequate challenge tests are essential to study 
disease pathogenesis and assess the potency 

-
lowing challenge with F. psychrophilum, pre-
vious studies have demonstrated decreased 

In salmonid parr, challenge with F. psychroph-
ilum 

pathogenesis (Madsen and Dalsgaard, 1999). 

-
tal model (Amend, 1981), to ensure that the 
challenge test discriminates between protect-
ed and un-protected study groups. Generally, 

others to seek alternative challenge procedures. 

-
lenge (Long et al., 2014; Madetoja et al., 2000). 

and Burch, 1959). It may also not be applicable 
as a reproducible, standardized challenge test 
on salmonid parr particularly where high mor-

F. psychrophilum is 

experimental challenge presenting mortality/

species.

showed that most isolates were highly virulent 
to Atlantic salmon, yielding end point mortal-
ities >94%, with similar mortality onset and 
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the Chilean isolates was avirulent, with no mor-
talities resulting. Surprisingly, the Norwegian 

not cause any mortality even at a challenge dose 
× 109 

the same isolate was used to challenge rainbow 
trout by the same route, 100% accumulated 
mortality was achieved even at challenge doses 
as low as 2.5 × 104

2013a). Inspired by these results, the salmon 
isolate AL 20432 was used to challenge rainbow 
trout (32.9 g) by IM injection with challenge 
doses (5.0 × 107, 2.0 × 106 or 1.0 × 105 

the same range as used to challenge Atlantic 

at 12 dpc (methods and results not shown). 
Together these results indicate that there may 

F. psychrophilum, which is 
in disagreement with observations made by 
others (Valdebenito and Avendano-Herrera, 
2009; Ekman and Norrgren, 2003). Ekman and 
Norrgren (2003) IP challenged rainbow trout, 
Atlantic salmon and sea trout (  L.) 

-

species. Valdebenito and Avendano-Herrera 
(2009) IP challenged Atlantic salmon (8.2 g) 

isolate to be slightly less virulent, with a slower 

rainbow trout, with 30 % and 50 % end point 
mortality, respectively. Combined with the 
results presented herein, two important points 
can be deduced. First, when virulence is tested 

Figure 1. Flavobacterium psychrophilum on Atlantic 
salmon (Salmo salar
included as a control. All challenge isolates were diluted to OD600=0.9 and injected intramuscularly at a 
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conclusions are made regarding virulence. Sec-
ondly, reduced susceptibility to experimental 

could indicate that the immunological develop-

IP injection at a size (0.7 g) when the adaptive 

still under development (Zapata et al., 2006), 

-

challenge route.

5-106 

to reach LD50 (Figure 2A). Challenge doses > 
105

enzymes. In several cases these skin swellings 
had ruptured at the injection site to become 

Figure 2. Salmo salar Flavobacterium 
psychrophilum 2A. Accumulated mortality 

7 - 3.4 x 104  (dilution 1:10-10 000). 
2B 2C. 

7 – 1.8 x 104 
 (dilution 1:2-10 000). 2D
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in accordance with a previous study using 

had severe ulcers at the injection site (Fredriksen 
et al., 2013b). Furthermore, by comparing the 

rainbow trout (Fredriksen et al., 2013a), Atlantic 
salmon appears less susceptible to intramus-
cular challenge with F. psychrophilum. Using 

IM challenge resulted in considerably higher 
mortality levels in rainbow trout. It should, 
however, be pointed out that this may be a 

challenge strains, and not only the challenged 
species used. 

Even though isolate AL 7023 resulted in acute 
mortality, with a similar disease progression 

× 107

× 
107

correlated well (AL 7023; R square = 0.9995, p = 
0.0001, AL 20432; R square = 0.8015, p = 0.0552) 

proteolytic enzymes is an important virulence 
F. psychrophilum in Atlantic salmon 

mortality started 5 dpc, indicates that other re-

injection (Madsen and Dalsgaard, 1999).

In the work presented herein we have investi-
F. psychro-

philum in Atlantic salmon. The study is limited 

compared. However, our results indicate that 

F. psychrophilum
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