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Abstract

Flavobacterium psychrophilum, the causative agent of rainbow trout fry syndrome and cold water disease in salmonids, causes serious
disease outbreaks in fish farms worldwide. The aim of the present study was to examine the survival capacity of F. psychrophilum in
laboratory microcosms containing sterilised water under different environmental conditions and to examine the virulence of starving
F. psychrophilum cells. The results showed that F. psychrophilum survived for very long time in sterilised fresh water at 15°C and the cells
were still culturable after starvation for 300 days. A high salinity of the water (30 %0 ) drastically reduced the number of culturable cells
below detection limit after incubation for 1 day. A water salinity of approximately 6 %o initially reduced the number of culturable cells
below the detection limit, but cells were again recovered on agar plates at the end of the experiment. The presence of sediment containing
nutrients in the experimental water microcosms increased the survival of F. psychrophilum. The challenge experiments indicated that the
virulence of starving F. psychrophilum is maintained for at least seven days after the transfer of the bacterial cells to fresh water.
© 2002 Federation of European Microbiological Societies. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

The isolation of Flavobacterium psychrophilum, causing
rainbow trout fry syndrome (RTFS) and cold water dis-
ease in salmonids (family Salmoniformes), has since the
end of 1980’s frequently been reported by several Euro-
pean countries [1-5]. F. psychrophilum was initially de-
scribed in USA [6], and the pathogen has subsequently
been isolated also in Australia, Canada, Chile and Japan
[7-10]. F. psychrophilum has in Europe mainly been iso-
lated from rainbow trout (Oncorhynchus mykiss) but occa-
sionally also from cyprinids and eel (Anguilla anguilla)
[11]. In the USA the pathogen has been isolated from
different salmonids and in Japan also from ayu (Plecoglos-
sus altivelis) and pale chub (Zacco platypus) [12].
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Although F. psychrophilum has been associated with
significant mortalities in fish culture, the ecology and
biology of this bacterial species has been poorly examined.
Gliding bacteria consists of several different bacterial
species, including F. psychrophilum. These species have
mainly a degradative metabolism and they play a consid-
erable role in the turnover of organic material in the
nature [13]. The fact that F. psychrophilum often affect
the skin of larger rainbow trout indicates that the
bacteria are transmitted through the water, and that the
reservoir could be the water column, including water
organisms, debris or the sediment. In previous studies,
F. psychrophilum has been detected and isolated from fresh
and brackish water associated with fish farms [14-16].
However, to our knowledge so far there is limited in-
formation available about the survival capacity of F. psy-
chrophilum in the environment [17] and the maintenance of
the virulence of F. psychrophilum in the water environ-
ment.

The aims of the present study were to examine the sur-
vival capacity of F. psychrophilum in water under different
environmental conditions and to examine the virulence of
starving cells of F. psychrophilum.
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2. Materials and methods
2.1. Experimental design

Three independent experiments were done to examine
the survival of the fish pathogen F. psychrophilum in wa-
ter microcosms under different physiological conditions.
(1) The influence of temperature on its survival was tested
in sterilised fresh water without sediment at 5, 10 and
15°C. (2) The influence of salinity on its survival was
tested in sterilised fresh, brackish and artificial salt water.
(3) The effect of two different sediments on its survival was
examined using microcosms with sterilised sediment and
fresh water. The inoculated microcosms were incubated at
15°C (except for the experiment with different tempera-
tures) for 50-60 days, and in addition microcosms from
one treatment of the experiments were incubated for more
than 300 days to determine the long-term survival capacity
of F. psychrophilum.

Additionally, in order to examine the ability of starving
F. psychrophilum cells to survive and maintain their viru-
lence in fresh water, three different fish challenge experi-
ments were done. For injection experiments bacteria were
inoculated in high and low concentrations (see below) into
microcosms in order to examine the influence of cell con-
centration on the invasiveness of the bacteria. Water sam-
ples from the microcosms containing bacteria were after
certain time intervals injected into rainbow trout. For bath
challenge experiments bacteria were inoculated into a
small aquarium containing 1 | sterilised water. Rainbow
trout were subsequently transferred to the aquarium after
2 weeks incubation.

2.2. Bacterial strains and growth conditions

Two strains of F. psychrophilum were used in the sur-
vival tests in different microcosms: strain V9/93 isolated
from an ulcer of rainbow trout in 1993 in Finland [18] and
the type strain NCIMB 19477, Strain V9/93 was chosen as
it represents the common serotype Th of F. psychrophilum
and a common genotype [18]. The type strain NCIMB
19477, which is serotype Fp' and represents a different
genotype compared to strains V9/93 [18], was included
for comparison. The strains were stored at —70°C in Cy-
tophaga broth [19] supplemented with 12% glycerol. For
the experiments, the bacteria were thawed, inoculated into
Cytophaga broth and incubated at 15°C for 36 h. The cells
were collected by centrifugation (2200X g, 20 min) and
washed twice in sterile fresh water and subsequently intro-
duced into the microcosms.

For the survival and virulence experiments strain T1-1
of F. psychrophilum was used. The strain was used because
its virulence has previously been thoroughly studied
[18,20]. Strain T1-1 was stored in tryptone yeast extract
salts (TYES) broth [8] supplemented with 15% (v/v) sterile
glycerol at —70°C. For the experiments, the bacteria were

thawed and inoculated on TYES agar (TYES broth+1.5%
agar) and 1-3 colonies were transferred into TYES broth,
incubated for 2 days at 15°C with shaking. The cells were
harvested and washed once with sterile phosphate buffered
saline (PBS, pH 7.2) by centrifugation (2500 X g, 20 min).
After the centrifugation the cells were re-suspended into
sterilised lake water (pH adjusted to 7.0-7.2) and added
into two microcosms in two different concentrations (high
concentration: initial concentration 2.0x 108 CFU ml™!;
and low concentration: initial concentration 5.0 X 10° CFU
ml™!) and into an aquarium (initial concentration
1.0Xx10° CFU ml™).

2.3. Microcosms

The microcosms for the survival experiments were pre-
pared using 100 ml Erlenmeyer flasks with metal caps
containing 50 ml water and in one experiment also sedi-
ment (25 g) in addition to the water. After inoculation
with bacterial cells the microcosms were statically main-
tained in the dark at 15°C unless otherwise stated. The
experiments were done with three parallel microcosms
for each treatment. For the virulence tests one microcosm
(containing fresh water) per bacterial concentration was
used and these were maintained at 11°C in the dark.

2.4. Water

Natural fresh water (taken from Kakskerta lake in SW
Finland, water conductance=12.3 mS m™!), natural
brackish water (taken from the Archipelago Sea, SW Fin-
land, salinity (S)=6.0%0 after sterilisation) and artificial
salt water (S=30.5%0) were used in the experiments. The
fresh and brackish water were collected into clean plastic
bottles, transported to the laboratory and kept at 4°C
until filtered through membrane filters (Sartorius, 0.45-
um pore size), to remove all particles and sterilised by
autoclaving at 121°C for 20 min. The artificial salt water
was made from brackish water supplemented with chemi-
cally defined sea salt (Natura sea salt) and adjusted to
30%oc . The salinity of the water samples was measured
with a salinometer (Limnos, YSI model 33). The pH of
the waters was adjusted to 7.0+ 0.2 with 1.0 M HCI after
autoclaving.

2.5. Sediment

Two different types of sediments were used: ‘natural’
and ‘refined’. The ‘natural’ sediment consisted of sand
collected from the shore of a sand beach on the south
coast of Finland. The sand was cleaned from large debris
by eye and it contained microorganisms, which could serve
as a nutrient source. The ‘refined’ sediment was obtained
from Merck Eurolab (Sea sand, extra pure, Germany). In
order to stabilise the salinity and pH, both sediments were
washed in filtered fresh water 10 times and dried before
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use. The sediments for the experiment were sterilised to-
gether with the water in the microcosms by autoclaving.

2.6. Long-term survival of F. psychrophilum

In order to determine the long-term survival of F. psy-
chrophilum, the following microcosms were incubated for
more than 300 days: (1) microcosms containing sediment,
inoculated with strain V9/93 and incubated at 15°C;
(2) microcosms containing fresh water, incubated at 15°C
and inoculated with strain NCIMB 19477 (2 experiments).

2.7. Cell count

Culturable bacterial counts, from the temperature, sa-
linity and sediment experiments, were obtained by spread-
ing serially 10-fold diluted (in filtered, sterilised fresh
water) subsamples (0.1 ml) from the microcosms onto Cy-
tophaga agar plates. The agar plates were incubated for
seven days at 15°C. The viable number of cells in the
microcosms was calculated from the number of colonies,
the volume of the inoculum used, and the dilution factor.

2.8. Fish

Rainbow trout for the challenge experiments were ob-
tained from a commercial freshwater fish farm in Finland
without previous history of infection with F. psychrophi-
lum. The fish were kept in a 0.225 m? fibreglass tank with
continuously flowing well water [16] of 10°C. Prior to each
experiment the fish were transferred to aquaria containing
10 1 of static, aerated well water and acclimatised for a
minimum of three days. Fish were fed ad libitum with a
commercial (Ewos) feed throughout the experiments. The
water in the aerated aquaria was changed regularly during
the experiment. The water temperature during the experi-
ment was 11-12°C.

2.9. Virulence of starving F. psychrophilum

In order to examine the virulence of starving F. psychro-
philum, rainbow trout were challenged in three experi-
ments. In two experiments, water (50 ul) from the micro-
cosms containing high (initial cell number: 2.0x 108 CFU
ml™1) and low (initial cell number: 5.0 X 105 CFU ml™!)
concentrations of maintained cells of F. psychrophilum was
injected (s.c.) into rainbow trout (=20 fish group™!,
average weight 0.5 g with high and 0.7 g with low concen-
tration of cells), 1, 7, 14, 21, 28 and 49 days post-inocu-
lation. As positive control groups served 2X20 fish in-
jected s.c. with 50 ul PBS containing 5.0X10* (low
concentration) and 5.5X10° (high concentration) CFU
fish™! of a fresh culture (cultivated in TYES) of F. psy-
chrophilum strain T1-1. As negative control groups served
2% 20 fish injected with only PBS.

In a third experiment rainbow trout (average weight

0.7 g) were exposed in a bath challenge for 1 h to F. psy-
chrophilum strain T1-1, which had been maintained for
two weeks in sterilised lake water and using artificially
wounded fish as described by Madetoja et al. [20]. The
number of F.  psychrophilum was estimated to be
2.0x10* CFU ml™! at the bath challenge. As a negative
control group served 20 skin-wounded rainbow trout
bathed in identical water as the challenged fish, but with-
out F. psychrophilum. The mortality of the fish was moni-
tored for up to 15 days after injection or bath challenge.
All dead fish were collected daily and tissue samples from
their spleen, kidney and skin ulcer (if any) were inoculated
onto TYES agar plates, which subsequently were incuba-
ted at 15°C for at least seven days. Bacteria forming yel-
low colonies on the agar plates, typical to F. psychrophi-
lum, were identified using IFAT [21].

2.10. Presentation of the results

The numbers of viable bacterial cells in the microcosms
were calculated from the dilution that gave between three
and 150 colonies on the agar plates. The bacterial numbers
are indicated as an average of the bacterial numbers in the
three parallel microcosms + S.D.

3. Results

3.1. Effect of the temperature on the survival of
F. psychrophilum cells

The survival capacity of the two strains (V9/93 and
NCIMB 19477) tested at different temperatures showed
similar trends (Fig. 1A,B). In general, in the beginning
of the experiment a gradual reduction of the number of
culturable bacteria was observed, with a subsequent slight
increase in CFU ml™! at the end of the experiment (50—60
days). No large variations were observed between the three
different temperatures, although the number of culturable
cells of strain NCIMB 19477 at 5°C decreased constantly
until the end of the experiment. Viable and culturable
bacteria were present in all microcosms at the end of the
experiment after 56 days of incubation. The extended in-
cubation of strain NCIMB 19477 showed that the cells
were able to survive for a very long time, and the bacteria
were culturable 300 days after inoculation into fresh water
at 15°C (Fig. 1B).

3.2. Effect of salinity on the survival of F. psychrophilum
cells

The survival patterns of the two examined strains (V9/
93 and NCIMB 19477), inoculated into microcosms with
sterile fresh-, brackish- and artificial salt water, are shown
in Fig. 2A,B. One day after inoculation into artificial salt
water the bacteria of both strains were not recovered on
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Fig. 1. Survival patterns of F. psychrophilum strains V9/93 (A) and
NCIMB 19477 (B) in microcosm containing sterilised fresh water at dif-
ferent temperatures, 5°C (4), 10°C (m) and 15°C (a). Bars indicate
standard deviation.

Cytophaga agar. In fresh water, both strains showed a
similar survival pattern with an initial reduction of num-
ber of culturable cells followed by a stabilisation around
10* CFU ml™!. In brackish water the number of cultur-
able cells was initially drastically reduced after inocula-
tion, with a subsequent increase in the number of cultur-
able cells. The extended incubation of strain NCIMB
19477 in fresh water showed that the cells were able to
survive for very long time and the bacteria were viable 300
days after inoculation into fresh water at 15°C (Fig. 2B).

3.3. Effect of sediment on the survival of F. psychrophilum
cells

The survival of strains 13-24 and NCIMB 19477 in
microcosms containing fresh water and different sediments
are shown in Fig. 3A,B. The cells of both strains showed
an improved survival in microcosms containing sterile
‘natural’ sediment compared to the microcosms without
sediment and those with ‘laboratory’ sediment. In fact,
the number of culturable bacteria were lowest in the mi-
crocosms containing ‘laboratory’ sediment for both exam-
ined strains.

3.4. Virulence of starved F. psychrophilum

Viable counts of F. psychrophilum in the inoculated

water used for the virulence tests decreased from
2.0x108 CFU ml™! to 9.0x10° CFU ml™! (high concen-
tration) 49 days after inoculation, and from 5.0 X 10° CFU
ml™! to 1.5%X10° CFU ml~! (low concentration) 28 days
after inoculation (Table 1). The mortality of the injected
fish was 100% after 1-21 days starvation of F. psychrophi-
lum in water and 50% after 49 days starvation (high con-
centration, Fig. 4A), and 100% after 1 day and 0% after 28
days (low concentration) starvation of F. psychrophilum in
water (Fig. 4B). The cumulative mortality of the fish in the
positive control group, injected with fresh cultures of
strain T1-1, was 93% in the high (Fig. 4A) and 80% in
the low (Fig. 4B) concentration experiments. Mortality
among the negative control fish injected with PBS was
not observed during 15 days monitoring of the fish. A
significant correlation (R?>=0.8917) was observed between
viable culturable bacterial cells from the experiments using
high and low bacterial concentrations and corresponding
fish mortality (mortality higher than 0% and lower than
100%; Fig. 5).

Viable counts of F. psychrophilum used for the bath
challenge decreased from 1.0x105 CFU ml™' to
2.0x10* CFU ml™! during 14 days incubation in fresh
water. Mortality of the fish bath challenged with starving
F. psychrophilum was 50% after 21 days (Fig. 4C). Mortal-
ity of the negative control fish was 7%.

F. psychrophilum was isolated from spleen/kidney and
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Fig. 2. Survival patterns of F. psychrophilum strains V9/93 (A) and
NCIMB 19477 (B) in microcosm containing sterilised fresh water (#),
brackish water (M) and salt water (A ). Bars indicate standard deviation.
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Fig. 3. Survival patterns of F. psychrophilum strains V9/93 (A) and
NCIMB 19477 (B) in microcosm with sterilised fresh water () and
with sterilised fresh water together with natural sediment (M) and labo-
ratory sediment ( A ). Bars indicate standard deviation.

skin lesions of s.c. infected experimental and positive con-
trol fish, and bath infected fish, but not from dead nega-
tive control fish.

4. Discussion

In the present study, the survival of F. psychrophilum in
water under different physiological conditions as well as
the virulence of starved F. psychrophilum was examined.
The results showed that F. psychrophilum cells might sur-
vive in sterilised water in culturable form in moderate
numbers (10°~10* CFU ml™!) for at least 300 days with-
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Fig. 4. Virulence of F. psychrophilum for rainbow trout after starvation
in sterilised fresh water. Mortality of rainbow trout injected with bacte-
ria, initially inoculated in fresh water in high concentration (A), low
concentration (B) after starving for different times (¢, 1 day; 4,
7 days; A, 14 days; a 21 days; 0, 28 days; m, 49 days). O, positive
control fish injected with a fresh culture of strains TI1-1; @, negative
control fish injected with sterile PBS. C: Mortality of rainbow trout ex-
posed for F. psychrophilum starved for 14 days (a) and control fish not
exposed for F. psychrophilum (@).

Survival of F. psychrophilum, initially inoculated in two concentrations (low and high) into sterilised fresh water, and corresponding number of bacteria
injected into rainbow trout, after starvation for certain time intervals (time after inoculation)

Time after inoculation Low concentration

High concentration

(days)
Survival of F. psychrophilum Number of bacteria injected Survival of F. psychrophilum Number of bacteria
in water (CFU ml™!) (CFU fish™) in water (CFU ml™") injected (CFU fish™')

0 5.0x 106 2.0x 108

1 2.3%x10° 1.2x10° 8.9%x 107 4.5%x10°

7 2.4x10° 1.2x10° 3.9x10° 2.0x10°

14 5.0%x10° 2.5x 104 7.5%10° 3.8%10°

21 3.0x10° 1.5%x10* 1.6 X 107 7.8X 103

28 1.5X10° 7.5x 103 8.6 10° 4.3%x10°

49 N.D. 9.0X 10° 4.5%x10*
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Fig. 5. Relationship between the numbers of starved F. psychrophilum
(CFU) injected into rainbow trout and mortality of the challenged fish.

out the addition of nutrients. The present study also in-
dicated that temperature, salinity and the presence of sedi-
ments affected the viable counts of F. psychrophilum cells.
In general the F. psychrophilum cells responded to starva-
tion in fresh water by a drastic reduction in viable cell
count in the beginning of the experiments, which may be
due to the transfer of the bacterial cells from nutrient
(proteins) rich conditions (Cytophaga broth) to water, con-
taining comparable less nutrients. After 20-30 days, only
about 0.1-1% of the inoculated cell number were cultur-
able on Cytophaga agar. After the adaptation of the cells
to the new nutrient poor environment a subsequent in-
crease in the cell number occurred after about 30-50
days. A similar adaptation phase may occur when bacte-
rial cells are shed from infected fish to surrounding water.
In a previous study Madetoja et al. [20] reported that high
numbers of F. psychrophilum were shed from experimen-
tally infected dead rainbow trout.

It has been suggested, that F. psychrophilum enters a
viable but non-culturable stage in filtered stream water
[17]. This is in contrast to our results, which clearly
showed that at least some of (about 0.1-1%) the inoculat-
ed cells stayed viable and culturable for a very long time,
without the addition of nutrients. However, our results do
not reveal whether the majority of the inoculated cells 99—
99.9% were viable but non-culturable or actually dead.

F. psychrophilum is considered a cold water species,
causing disease outbreaks at low temperatures (4-10°C)
[8]. However, in the experiments at different temperatures
a low temperature (5°C) did not crucially improve the
viable cell count of the examined strains, due to a possible
lowered metabolic activity of the experimental cells, com-
pared to the other temperatures tested. Conversely, the
type strain NCIMB 19477 showed a reduced viable count
after 30 days at 5°C compared to the other temperatures.
However, the stress conditions for the bacteria when they
were transferred from nutrient rich conditions and high
temperature (15°C) to a nutrient deficient condition and
low temperature did not give a drastic reduction in viable
cell count immediately after the transfer.

The experiments with the different salinities of the water

showed that a salinity of approximately 6 %o drastically
reduced the number of culturable cells, below detection
limit (<10 CFU ml™"), after inoculation into the water.
The reduction in cell number can be explained by the sa-
linity of the water. In previous studies it has been shown
that the NaCl tolerance of F. psychrophilum is 0.5-1%
[8,22,23,24] under nutrient rich (cultivation broth) con-
ditions. In the present study, culturable bacteria were
subsequently recovered (Fig. 2B), indicating that F. psy-
chrophilum may survive in brackish water. In fact, F. psy-
chrophilum has been detected in the water of brackish
water (S=4%o0) fish farms in the northern Baltic Sea
[16]. The (artificial) salt water (salinity approximately
30%c ) was clearly unfavourable for the F. psychrophilum
cells after a short exposure. Viable bacteria were not ob-
tained on the agar plates for up to 7 days after inoculation
and these microcosms were excluded from further sam-
pling. Based on our results it is thus unlikely that the
F. psychrophilum will survive in marine water under nu-
trient deficient and more stressful conditions.

The experiments with sediment revealed that a large
number of viable F. psychrophilum cells were obtained
from the microcosms with ‘natural’ sediment compared
to the microcosms with ‘laboratory’ or without sediment.
A higher nutrient load in the ‘natural’ sediment could
explain this difference. Unfortunately the nutrient content
in the natural sediment was not determined. In contrast,
the laboratory sand was cleaned by heating and acid treat-
ment, making the nutrient content rather low. The pres-
ence of particles, in this case ‘laboratory’ sediment, did not
improve the survival of F. psychrophilum. In other studies
of fish pathogens it has been shown that Aeromonas sal-
monicida and Edwardsiella ictaluri could be isolated from
inoculated bottom sediment for an extended period of
time after inoculation [25,26]. Sakai [27] reported that
the presence of sand was essential for an extended survival
of A. salmonicida in microcosms. Sakai [27] suggested that
this extended survival in the sediment was due to electro-
static interrelationships between sand, humic acids and
virulent A. salmonicida cells.

The main issue concerning the survival studies done
with different pathogenic bacteria and especially fish
pathogens are horizontal transfer from one host to anoth-
er through long distance transport in the water as well as
the establishment of a pathogen source in the environment
outside the host. In the present study, it can be concluded
from the challenge experiments that at least a certain vir-
ulence is maintained a short period after the transfer of the
bacterial cells into the water. From the results it can also
be concluded that under the conditions in the present ex-
periment, virulent and viable but non-culturable F. psy-
chrophilum in a significant number were not present in
the microcosms. Our conclusion thus is that, although
caution should be used when transferring the results
from laboratory studies into field situations, F. psychrophi-
lum may survive for a long time in the vicinity of fish



J. Madetoja et al. | FEMS Microbiology Ecology 43 (2003) 217-223 223

farms but the virulence of the bacterial cells are main-
tained only for a short period of time. This means that
highly virulent F. psychrophilum can readily spread in fish
farms using recirculating water from infected fish to unin-
fected ones.

In previous studies it was observed that non-culturable
A. salmonicida from laboratory microcosms were non-
pathogenic when injected into Atlantic salmon (Salmo sa-
lar) [28,29]. In contrast, viable (culturable) 4. salmonicida
were highly pathogenic for Atlantic salmon [28].

The use of microcosms for the evaluation of bacterial
ecology has been questioned due to the lack of input and
output of nutrients and waste products. There is often also
a lack of natural variation in the studied environmental
parameters. However, studies in the environment are often
difficult to realise due to practical problems, and an initial
knowledge of the ecology of different pathogens is most
conveniently obtained by microcosm studies as reported in
the present paper. Of course, these studies have to be
followed up by environmental studies in farm conditions,
which are in progress at our laboratory.

Acknowledgements

This work was supported by Oskar Oflunds Stiftelse and
the Academy of Finland (Grant No. 57957).

References

[1] Bernardet, J.F., Baudin-Laurencin, F. and Tixerant, G. (1988) First
identification of ‘Cytophaga psychrophila’ in France. Bull. Eur. Assoc.
Fish Pathol. 8, 104-105.

Lorenzen, E., Dalsgaard, 1., From, J., Hansen, E.M., Heorlyck, V.,

Korsholm, H., Mellergaard, S. and Olesen, N.J. (1991) Preliminary

investigations of fry mortality syndrome in rainbow trout. Bull. Eur.

Assoc. Fish Pathol. 11, 77-79.

Bruno, D.W. (1992) Cytophaga psychrophila ( = ‘Flexibacter psychro-

philus’) (Borg), histopathology associated with mortalities among

farmed rainbow trout Oncorhynchus mykiss (Walbaum) in the UK.

Bull. Eur. Assoc. Fish Pathol. 12, 215-216.

Toranzo, A.E. and Barja, J.L. (1993) Fry mortality syndrome (FMS)

in Spain: isolation of the causative bacterium Flexibacter psychrophi-

lus. Bull. Eur. Assoc. Fish Pathol. 13, 30-32.

[5] Wiklund, T., Kaas, K., Lonnstrom, L. and Dalsgaard, 1. (1994) Iso-
lation of Cytophaga psychrophila (Flexibacter psychrophilus) from
wild and farmed rainbow trout (Oncorhynchus mykiss) in Finland.
Bull. Eur. Assoc. Fish Pathol. 14, 44-46.

[6] Borg, A.F. (1960) Studies on myxobacteria associated with diseases in
salmonid fishes. Wildlife Disease No. 8, 1-85, 2 microcards. Ameri-
can Association for the Advancement of Science, Washington DC.

[7] Wakabayashi, H., Horiuchi, M., Bunya, T. and Hoshiai, G. (1991)
Outbreaks of cold-water disease in coho salmon in Japan (in Japa-
nese). Fish Pathol. 26, 211-212.

[8] Holt, R.A., Rohovec, J.S. and Fryer, J.L. (1993) Bacterial cold-water
disease. In: Bacterial diseases of fish (Inglis, V., Roberts, R.J. and
Bromage, N.R., Eds.), pp. 3-23. Blackwell Scientific Publications,
London.

[9] Schmidtke, L.M. and Carson, J. (1995) Characteristics of Flexibacter

[2

3

[4

psychrophilus isolated from Atlantic salmon in Australia. Dis. Aquat.
Org. 21, 157-161.

[10] Bustos, P.A., Calbuyahue, J., Montana, J., Opazo, B., Entrala, P.
and Solervicens, R. (1995) First isolation of Flexibacter psychrophilus,
as causative agent of rainbow trout fry syndrome (rtfs), producing
rainbow trout mortality in Chile. Bull. Eur. Assoc. Fish Pathol. 15,
162-164.

[11] Lehmann, J., Mock, D., Stiirenberg, F.-J. and Bernardet, J.-F. (1991)
First isolation of Cytophaga psychrophila from a systemic disease in
eel and cyprinids. Dis. Aquat. Org. 10, 217-220.

[12] Iida, Y. and Mizokami, A. (1996) Outbreaks of coldwater disease in
wild ayu and pale chub. Fish Pathol. 31, 157-164.

[13] Reichenbach, H. (1981) Taxonomy of the gliding bacteria. Ann. Rev.
Microbiol. 35, 339-364.

[14] Bruun, M.S., Schmidt, A.S., Madsen, L. and Dalsgaard, I. (2000)
Antimicrobial resistance patterns in Danish isolates of Flavobacterium
psychrophilum. Aquaculture 187, 201-212.

[15] Schmidt, A.S., Bruun, M.S., Dalsgaard, I., Pedersen, K. and Larsen,
J.L. (2000) Occurrence of antimicrobial resistance in fish-pathogenic
and environmental bacteria associated with four Danish rainbow
trout farms. Appl. Eniron. Microbiol. 66, 4908-4915.

[16] Madetoja, J. and Wiklund, T. (2002) Detection of the fish pathogen
Flavobacterium psychrophilum in water from fish farms. Syst. Appl.
Microbiol. 25, 259-266.

[17] Vatsos, I.LN., Thompson, K.D. and Adams, A. (2001) Starvation of
Flavobacterium psychrophilum in stream water, broth and distilled
water. European Association of Fish Pathologists Tenth Internation-
al Conference ‘Diseases of Fish and Shellfish’, 9th-14th September
2001, Abstract P-276.

[18] Madetoja, J., Hanninen, M.-L., Hirveld-Koski, V., Dalsgaard, I. and
Wiklund, T. (2001) Phenotypic and genotypic characterization of
Flavobacterium psychrophilum from Finnish fish farms. J. Fish Dis.
24, 469-479.

[19] Anacker, R.L. and Ordal, E.J. (1959) Studies on the myxobacterium
Chondrococcus columnaris. 1. Serological typing. J. Bacteriol. 78, 25—
32.

[20] Madetoja, J., Nyman, P. and Wiklund, T. (2000) Flavobacterium
psychrophilum, invasion into and shedding by rainbow trout Onco-
rhynchus mykiss. Dis. Aquat. Org. 43, 27-38.

[21] Lorenzen, E. and Karas, N. (1992) Detection of Flexibacter psychro-
philus by immunofluorescence in fish suffering from fry mortality
syndrome: a rapid diagnostic method. Dis. Aquat. Org. 13, 231-
234.

[22] Bernardet, J.-F. and Kerouault, B. (1989) Phenotypic and genomic
studies of ‘Cytophaga psychrophila’ isolated from diseased rainbow
trout (Oncorhynchus mykiss) in France. Appl. Environ. Microbiol. 55,
1796-1800.

[23] Rangdale, R. (1995) Studies on Rainbow Trout Fry Syndrome
(RTFS). Ph.D. thesis. Ministry of Agriculture, Fisheries and Food,
Weymouth/University of Stirling, UK.

[24] Dalsgaard, I. and Madsen, L. (2000) Bacterial pathogens in rainbow
trout, Oncorhynchus mykiss (Walbaum), reared at Danish freshwater
farms. J. Fish Dis. 23, 199-209.

[25] Michel, C. and Dubois-Darnaudpeys, A. (1980) Persistence of the
virulence of Aeromonas salmonicida strains kept in river sediments.
Ann. Rech. Vet. 11, 375-380.

[26] Plumb, J.A. and Quinlan, E.E. (1986) Survival of Edwardsiella icta-
luri in pond water and bottom mud. Progress. Fish-Cult. 48, 212-214.

[27] Sakai, D.K. (1986) Electrostatic mechanism for survival of virulent
Aeromonas salmonicida strains in river water. Appl. Environ. Micro-
biol. 51, 1343-1349.

[28] Rose, A.S., Ellis, A.E. and Munro, A.L.S. (1990) Evidence against
dormancy in the bacterial fish pathogen Aeromonas salmonicida
subsp. salmonicida. FEMS Microbiol. Lett. 68, 105-108.

[29] Effendi, 1. and Austin, B. (1995) Dormant/unculturable cells of the
fish pathogen Aeromonas salmonicida. Microb. Ecol. 30, 183-192.



	Survival and virulence of Flavobacterium psychrophilum in water microcosms
	Introduction
	Materials and methods
	Experimental design
	Bacterial strains and growth conditions
	Microcosms
	Water
	Sediment
	Long-term survival of F. psychrophilum
	Cell count
	Fish
	Virulence of starving F. psychrophilum
	Presentation of the results

	Results
	Effect of the temperature on the survival of F. psychrophilum cells
	Effect of salinity on the survival of F. psychrophilum cells
	Effect of sediment on the survival of F. psychrophilum cells
	Virulence of starved F. psychrophilum

	Discussion
	Acknowledgements
	References


