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Abstract

Over the last few years, several novel Flavobacterium species isolated from diseased fish in Europe
and America have been described. In Chile, Flavobacterium chilense LM-09-FPT was isolated in 2006
from an external lesion on diseased rainbow trout (Oncorhynchus mykiss) reared in a fish farm near
Aysen, while Flavobacterium spartansii LM-19-FPT was recovered from kidney from diseased Atlantic
salmon (Salmo salar) farmed in Concepcion in 2008. This short communication reports the results of
extensive challenge assays with these two bacterial species, in order to determine their pathogenic
potential in rainbow trout (weighing 3—4 or 20-25 g) obtained from “Rio Blanco” fish farm (located
in central Chile, Los Andes). Our findings demonstrate that F. chilense and F. spartansii alone are
not able to induce fish mortalities or any clinical signs of infection in rainbow trout, suggesting that
they are probably not pathogenic for this fish species.

The genus Flavobacterium, the type genus of the
family Flavobacteriaceae, was proposed by Bergey
et al. (1923). Its description has subsequently
been emended repeatedly (Bernardet et al.,
1996; Dong et al., 2013; Kang et al., 2013) and
the number of Flavobacterium species has grown
rapidly to reach 109 validly named species at
the time of writing (http://www.bacterio.net/t/
flavobacterium.html). Most members of the

genus are free-living organisms occurring in

a variety of temperate and polar habitats in
terrestrial, freshwater, and marine environ-
ments (Bernardet and Bowman, 2011). Several
Flavobacterium species have been isolated from
wild and farmed fish and their environment,
and some of them are (or may be) the aetiolog-
ical agents of fish diseases, e.g. Flavobacterium
columnare, Flavobacterium branchiophilum, Fla-
vobacterium hydatis, Flavobacterium johnsoniae,
Flavobacerium psychrophilum and Flavobacterium
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succinicans (Bernardet et al., 1996; Crump et al.,
2001; Darwish et al., 2004; Figueiredo et al., 2005;
Bernardet and Bowman, 2006; Flemming et al.,
2007). Over the last few years, several novel
species isolated from diseased fish in Europe
and America have been described, including
F. chilense, Flavobacterium araucananum and Fla-
vobacterium oncorhynchi (Kampfer et al., 2012;
Zamora et al., 2012) and more recently Flavobac-
terium tilapiae (Chen et al., 2013), Flavobacterium
tructae and Flavobacterium piscis (Zamora et al.,
2014), and F. spartansii (Loch and Faisal, 2014).

In Chile, F. chilense LM-09-FPT was isolated
in 2006 from an external lesion on diseased
rainbow trout (Oncorhynchus mykiss) reared
in a fish farm near Aysen, while F. spartansii
LM-19-FP" was recovered from kidney from
diseased Atlantic salmon (Salmo salar) farmed
in Concepcién in 2008. In both cases, the new
strains were recovered from a mixed culture
in which the presence of F. psychrophilum was
confirmed based on microbiological diagnostics.
Hence, the role of these species as opportunistic
pathogens for salmonids must be assessed by
challenge experiments (Kampfer et al., 2012).

This short communication reports the results
of extensive challenge assays with these two
bacterial species, in order to determine their
pathogenic potential in rainbow trout. Our find-
ings demonstrate that F. chilense and F. spartansii
alone are not able to induce fish mortalities
or any clinical signs of infection in rainbow
trout, suggesting that they are probably not
pathogenic for this fish species.

To avoid morphological, biochemical and
pathogenic changes in each bacterium, F. chil-
ense LM-09-FP"and F. spartansii LM-19-FP" cul-
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tures were maintained at — 80°C in Criobilles
tubes (AES Lab, France) and all experimental
infection trials were performed with no more
than two successive subcultures. Prior to chal-
lenge, inocula were prepared from five colonies
scraped off tryptone-yeast extract-salts (TYES)
agar plates and resuspended in sterile TYES
broth, and 50 mL aliquots were adjusted at 1.0
absorbance at 600 nm measured on spectropho-
tometer. These aliquots were then inoculated
into 1000 mL Erlenmeyer flasks containing 500
ml of TYES broth, and colony-forming units
were counted following spreading of 0.1 mL
in 10-fold dilutions (10° to 10*® in duplicates)
onto TYES agar.

In order to determine the virulent capacities of
the two strains, infectivity trials were conducted
using healthy F. psychrophilum-free rainbow
trout (weighing 3-4 g) obtained from “Rio
Blanco” fish farm, a hatchery with no history
of flavobacteriosis (located in central Chile, Los
Andes). This hatchery is the oldest in Chile and
produces its own eggs since 1903 and has the
certificate of being free of pathogens included
in Chilean List 1, 2 and 3. Also, before moving
fish, by sanitary regulations, fish were certifi-
cated as free of any pathogen described in Chile
(e.g. infectious salmon anemia virus, infectious
pancreatic necrosis virus [IPNvV], Piscirickettsia
salmonis and Renibacterium salmoninarum; Av-
endafno-Herrera, 2011). This work was carried
out in accordance with the Ethics Committee
for Animal Experiments of the Universidad
Andrés Bello.

In addition, to ensure that the fish were free
from F. psychrophilum, samples were subjected to
standard microscopical and bacteriological ex-

amination as well as analyzed using the specific
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PCR for F. psychrophilum described by Urdaci et
al. (1998). Other pathogens described in Chilean
salmon freshwater farms such as atypical Ae-
romonas salmonicida, Flavobacterium columnare,
Yersinia ruckeri and IPNv were also discarded
by PCR-based DNA methods (Gibello et al.,
1999; Godoy et al., 2010; Avendano-Herrera et
al., 2011; Calleja et al., 2012). The protocols fol-
lowed were as described by these authors with
the exception that PCR reactions were carried
out using commercial kit Ready-To—GoTM PCR
beads. DNA purification of tissue samples was
performed using FavorPrep™ Tissue Genomic
DNA (Favorgen Biotech Corp.) according to the

manufacturer’s instructions.

Fish were randomly allocated in groups of 10
per 2-L plastic tank with aerated dechlorinated
water at 15°C and acclimatized for 72 h prior to
bacterial challenge. Fish were fed commercial
food pellets at 1.5% body weight daily. Three
types of challenge were conducted in duplicate
and prior to experiments 1 and 2, all fish were
anaesthetized with BZ-20®.

Experiment 1: Groups of 10 rainbow trout were
inoculated by intraperitoneal infection with
0.1-mL of 4.17 x 10®* CFU per fish and 3.38 x
10® CFU per fish of F. chilense LM-09-FPT and
F. spartansii LM-19-FP", respectively. Another
tank with fish injected with TYES broth alone
was included as a negative control.

Experiment 2: Groups of 10 rainbow trout were
challenged by subcutaneous injection with
0.1-mL of 4.17 x 10® CFU per fish and 3.38 x
10® CFU per fish of F. chilense LM-09-FP" and
F. spartansii LM-19-FP7, respectively. Another
tank with fish injected with TYES broth alone

was included as a negative control.

Experiment 3: Groups of 10 rainbow trout were
bath challenged separately in dechlorinated
water with F. chilense LM-09-FP" and F. spar-
tansii LM-19-FP" to obtain final concentrations
of 3.38 x 10’ CFU mL"'and 6.26 x 107 CFU mL",
respectively. After a 6-h exposure, the water was
changed and fish were maintained in the same
tank. Controls consisted of two tanks in which
the same amount of TYES broth alone (without
bacteria) was added to the dechlorinated water.
To demonstrate the susceptibility of the rainbow
trout fry used in this study, the well-known
salmonid pathogen F. psychrophilum was also
included. Therefore, we repeated Experiment
3 using the virulent strain of F. psychrophilum
JIP 02/86 (= ATCC 49511) kindly provided by
J-E. Bernardet (INRA, Virologie et Immunolo-
gie Moléculaires, France), which was obtained
from rainbow trout, reared in France in 1986.
It is important to note that we only employed
immersion with this strain as it is considered
as a more natural infection route that does not
escape the natural defense mechanisms of fish
(e.g. mucus, skin, etc). The trial was conducted
by bath in a bacterial culture of 1.7 x 10" CFU

mL" into dechlorinated water.

All trials were maintained for 4 weeks at 15°C
in static water and fish were fed daily at 1.5%
body weight. Water in each tank was changed
every other day to remove fecal matter and
nitrogenous waste products. Fish were mon-
itored daily for clinical signs of the disease.
Dead fish were removed from each tank daily
and examined to confirm if the bacterium in-
oculated was the cause of mortality by the fol-
lowing methods: (i) kidney and external lesions
were directly streaked onto TYES plates and
incubated at 15°C for 1 week, (ii) smears from

skin samples and ulcers were examined using



a light microscope at 400 magnification and (iii)
the suspected F. chilense or F. spartansii colonies
were identified using phenotypic tests as de-
scribed by Kampfer et al. (2012), including cell
morphology, gliding motility, Gram-staining,
cytochrome oxidase activity, catalase production
on glass slides (using 3% H,O,), production of
hydrogen sulfide, presence of cell wall-associ-
ated flexirubin-type pigments and absence of
galactosamine glycans. For F. psychrophilum,
pure or mixed cultures as well as fish tissues
(skin and kidney) were also tested using the
specific PCR (Urdaci et al., 1998). In addition,
the identity of each isolate was confirmed as F.
psychrophilum by standard phenotyping pro-
cedures (Bernardet et al., 2002), including the
same biochemical tests indicated above.

On day 28, all surviving fish inoculated with
F. chilense or F. spartansii as well as control fish
were killed by anaesthetic overdose, and micro-
scopic and bacteriological examinations were
made of gills, skin, kidney, spleen and liver.
Tissue samples were also taken from different
internal organs and processed using standard
procedures. Sections (5 um) were stained with
haematoxylin and eosin (H&E) and Gram to
describe significant morphological changes.

The virulence tests with F. chilense LM-09-FP*
and F. spartansii LM-19-FP"induced no mortali-
ties or disease when fish were bathed or injected
intraperitoneally or subcutaneously. According
to Wakabayashi et al. (1989), depending on the
species, Flavobacterium strains can cause acute,
subacute or chronic infections characterized by
gill damage, bacteraemia (Starliper, 2011) and
deep necrotic ulcerations (Shotts and Starliper,
1999), but none of these signs were observed in

the inoculated rainbow trout.
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In this study, we used young fish (<5 g) because
epizootics are more severe in fry and fingerlings
which immune system is not completely mature
(Chettri et al., 2012). Interestingly, when the
challenge studies described here were repeated
with older rainbow trout (weighing 20-25 g) the
results were similar to that obtained with the
smaller fish (data not shown). As expected, no
mortality was observed in the negative control
groups during the experiment.

Our findings indicate that F. chilense LM-09-FP*
and F. spartansii LM-19-FP" were non-pathogen-
ic for rainbow trout fingerlings when inocu-
lated at a high concentration of about 10" CFU,
regardless of the type of challenge employed.
However, we cannot rule out that clinical effect
on other salmonid species than rainbow trout
may have occurred. Indeed, Loch and Faisal
(2014) noted that pathogenicity studies with
F. spartansii T16" and S12 [originally recov-
ered from the kidney of feral spawning adult
Chinook salmon (Oncorhynchus tshawytscha)
and the gills of cultured Chinook salmon fin-
gerlings suffering mortality in Michigan (USA)]
demonstrated that it is probably a facultative
fish pathogen in multiple Great Lakes salmonid
species. In this context, it is well known that
most pathogenic bacterial species also con-
tains strains that are non-pathogenic; espe-
cially strains isolated from the environment and
sometimes from external fish surfaces, might

be non-virulent.

Although some authors suggested that im-
mersion challenge is not a suitable method
to induce F. psychrophilum infection in fish
unless stress or scarification has been applied
(Madsen and Dalsgaard, 1999; Madetoja et al.,
2000; Mihalyi et al., 2013), our studies showed
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that prolonged immersion (6 h) of fish with
F. psychrophilum JIP 02/86 induced mortality
from day 4 post-immersion and that cumula-
tive mortalities were 30% and 40% at the end
of the experiment (day 28). Inoculated bacteria
were recovered from dead fish which showed
in all cases a dark pigmentation on one side
of the body and erosion of the peduncle area
with concomitant exposure of the spinal cord
and tail loss (data not shown), typical of those
seen in rainbow trout fry syndrome (RTFS) out-
breaks (Pacha and Ordal, 1970; Holt et al., 1993).
The biochemical tests showed that all bacterial
isolates were identified as F. psychrophilum,
being Gram-negative, long, slender rods with
gliding motility, catalase positive and weakly
cytochrome oxidase positive. All isolates also
contained cell wall-associated flexirubin type
pigments, but did not absorb Congo red. In fact,
all pure isolates obtained from the infected fish
gave the expected 1088 bp product (Urdaci et
al., 1998), confirming that all isolates belonged
to this pathogenic species (data not shown).

In fish surviving exposure to F. chilense LM-
09-FP"and F. spartansii LM-19-FP", regardless
of the challenge procedure used, microscopic
examination of smears from gill tissues revealed
that bacteria were absent or below the detec-
tion limit. In addition, bacterial cells were not
detected in smears from internal organs and
strains LM-09-FP" and LM-19-FP" could not
be isolated from fish tissues on TYES plates.

Histopathological assessment of tissues from
rainbow trout fingerlings challenged with 107
CFU, regardless of the experimental challenge
procedure, revealed no abnormalities in the
gills, skin, kidney and spleen. Similarly, no his-

tological abnormalities were observed in these

tissues in the negative control fish. However,
fatty degeneration of hepatocytes (hepatic stea-
tosis) was observed in the majority of the fish
examined, regardless of the treatments and
control. It is important to denote that this con-
dition generally is physiological and occurs in
fish that are fed high-energy diets.

Recent research by Zamora et al. (2013) and
Loch et al. (2013) suggests that a plethora of
Flavobacterium species may be associated,
as opportunistic pathogens, with disease in
farmed fish, and therefore, further research
is necessary to complete our understanding
of the ecology of the Flavobacterium genus in
relation to disease in cultured fishes. To our
knowledge, no studies have investigated the
infective capacity of recently described Flavo-
bacterium species in fish. In addition, studies
with different experimental infection models
have not been conducted. Although the mode
of transmission and route of infection of F.
chilense LM-09-FP" and F. spartansii LM-19-FP*
are still uncertain, we can speculate that a pos-
sible natural source of infection is the water.
However, it is well known that the primary
defense barrier to infection in fish is the body
surface; for this reason, in our study we also
evaluated the pathogenic effects by injection.

Hence, the original isolation of novel Flavobac-
terium species from farmed fish (Kdaempfer et
al., 2012) and the absence of mortality or clinical
signs of infection in the rainbow trout examined
in this study indicate that these species may
actually be components of the microbiota of the
freshwater culture, though poor environmental
conditions, any stressors associated with aqua-
culture situations or lesions caused by other
pathogenic bacteria as F. psychrophilum could



tavor the entrance of F. chilense and/or F. spar-
tansii which often appear in mixed infections.
Additional research is necessary to elucidate
the relationship between these bacterial species
and their respective roles in the transition from
healthy to diseased fish under suboptimal en-

vironmental conditions.

In summary, and on the basis of the facts
presented, we conclude that F. chilense and F.
spartansii do not produce fish mortalities and
any clinical signs of infection in rainbow trout
(weighing 3—4 or 20-25 g), suggesting that they
are probably not pathogenic for this fish species.
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