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INTRODUCTION

Flavobacterium psychrophilum (Bernardet et al.
1996), the aetiological agent of ‘rainbow trout fry syn-
drome‘ (RTFS) and ‘bacterial cold water disease‘
(BCWD), causes mortality in hatchery-reared sal-
monids (Holt 1987, Dalsgaard 1993) and ayu Pleco-
glossus altivelis (Wakabayashi et al. 1994). F. psy-
chrophilum was originally isolated from diseased coho
salmon Oncorhynchus kisutch in 1948 in North Amer-
ica (Borg 1960) and reported isolated for the first time
in 1993 in Finland from diseased rainbow trout O.

mykiss (Wiklund et al. 1994). Since then, F. psychro-
philum has caused disease among farmed rainbow
trout fry and fingerlings as well as table-sized fish in
Finland (Rimaila-Pärnänen et al. 1997, Madetoja et al.
2001).

The detection of Flavobacterium psychrophilum has
traditionally been based on agar plate cultivation.
However, this method is a time-consuming, laborious
and non-sensitive for studying the epizootiology and
transmission of F. psychrophilum. Hence, time-saving
and more sensitive methods have been developed for
the detection of F. psychrophilum in both fish and envi-
ronmental samples, like immunofluorescence antibody
technique (IFAT) (Lorenzen & Karas 1992, Madetoja et
al. 2000, Madetoja & Wiklund 2002) and PCR (Toyama
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et al. 1994, Urdaci et al. 1998, Cepeda & Santos 2000,
Izumi & Wakabayashi 2000, Wiklund et al. 2000,
Madetoja & Wiklund 2002).

Flavobacterium psychrophilum has been isolated
mainly from diseased and covertly infected salmonids
(Holt et al. 1993, Dalsgaard & Madsen 2000). Infected
living and dead fish are potential sources of F. psy-
chrophilum infection that could possibly spread this
pathogen in surrounding water (Madetoja et al. 2000).
The shedding rate of F. psychrophilum by artificially
infected fish has been evaluated in a previous study
(Madetoja et al. 2000), but the shedding rate by natu-
rally infected fish has not.

In addition to the detection and isolation of Flavo-
bacterium psychrophilum from cultured salmonids
and ayu, the pathogen has also been detected in fish
farm rearing water (Rangdale 1995, Bruun et al. 2000,
Schmidt et al. 2000, Wiklund et al. 2000, Madetoja &
Wiklund 2002), on algae (Amita et al. 2000), in repro-
ductive products of salmonids (Holt 1987, Rangdale et
al. 1996, Brown et al. 1997, Ekman et al. 1999), in dis-
eased cultured carp Cyprinus carpio, tench Tinca
tinca, crucian carp Carassius carassius and in dis-
eased wild eel Anguilla anguilla (Lehmann et al.
1991), in wild pale chub Zacco platypus (Iida &
Mizokami 1996) and in a newt (Brown et al. 1997).
Thus, several sources may act as a potential reservoir
of infection.

Typing techniques, such as serotyping (Holt 1987,
Wakabayashi et al. 1994, Lorenzen & Olesen 1997,
Izumi & Wakabayashi 1999, Dalsgaard & Madsen
2000, Madsen & Dalsgaard 2000, Madetoja et al. 2001)
and ribosomal RNA gene restriction (ribotyping)
analysis (Cipriano et al. 1996, Chakroun et al. 1998,
Madsen & Dalsgaard 2000, Madetoja et al. 2001) have
been used for the characterization and differentiation
of Flavobacterium psychrophilum. A relationship
between ribotypes and host fish species and between
ribotype and serotype of F. psychrophilum has been
suggested in previous studies (Chakroun et al. 1998,
Madetoja et al. 2001). However, in previous studies
serological and molecular characteristics of F. psy-
chrophilum originating from different sources have not
been compared sufficient to clarify routes of contagion
and epidemiology of this pathogen.

This study investigated the presence of Flavobac-
terium psychrophilum in fish farms and fish-farming
environments by examining diseased as well as appar-
ently healthy farmed rainbow trout, wild fish and ovar-
ian fluid of farmed rainbow trout brood fish. The phe-
notypes and genotypes as well as the virulence of F.
psychrophilum isolates from different sources were
compared. Additionally, the shedding rate of F. psy-
chrophilum by naturally infected farmed rainbow trout
were determined.

MATERIALS AND METHODS

Isolation of Flavobacterium psychrophilum from
rainbow trout. Rainbow trout were obtained from 1
brackish water farm and 3 freshwater farms (Farms I, II,
III and IV, respectively) which were not connected with
each other and which all had a previous history of RTFS
or BCWD. The rearing conditions in these farms are de-
scribed in Madetoja & Wiklund (2002). Fish from Farms
I and IV were collected from tanks in which a few fish
had signs of BCWD, but medication was not started.
Fish from Farms II and III were apparently healthy. Av-
erage weight of the studied fish obtained from Farm I
(brackish water; n = 5, lateral skin lesion; n = 4, appar-
ently healthy) and Farm II (spring water; n = 8, appar-
ently healthy) were 25 and 13 g, respectively. Fish of 2
size classes, obtained from Farm III (spring water) were
studied; average weight of table-size fish (n = 4, appar-
ently healthy) was 349 g and fry-size fish (n = 4, appar-
ently healthy) was 3 g. The average weight of fish (n =
7, lateral skin lesion; n = 4, apparently healthy from
same tank) from Farm IV (fresh river water) was 28 g.
Furthermore, 3 fish with skin lesions, average weight
1200 g, were included in the study from Farm IV. Tissue
samples from spleen, kidney, skin lesion (if present)
and skin mucus of all examined fish were inoculated on
TYES (0.4% tryptone, 0.05% yeast extract, 0.05%
MgSO4 × 7H2O, 0.05% CaCl2 × 2H2O, pH 7.2) agar
plates (1.5%) as described by Holt et al. (1993). Plates
were incubated at 15°C for 7 d.

Detection of Flavobacterium psychrophilum in
ovarian fluid. Ovarian fluid samples from rainbow
trout brood fish from spring water from Farm V
(Madetoja & Wiklund 2002), were studied by the fol-
lowing method: aliquots of ovarian fluids from
20 brood fish were collected into sterile centrifuge
tubes during routine stripping of fish and pooled.
Ovarian fluids from 100 female brood fish were col-
lected, thus forming 5 samples numbered 1 to 5. Sam-
ples were transported on ice to the laboratory for
examination. The brood fish were given a therapeutic
concentration (80 mg–1 kg fish–1) of oxytetracycline
(Terramycin©, Pfizer) in the feed for 7 d, 21 d before
stripping, in order to decrease possible vertical transfer
of F. psychrophilum to the offspring. To examine the
presence of F. psychrophilum in ovarian fluid samples,
10 µl of each sample was spread on object slides
(Novakemi, 6 mm well) and studied using IFAT as
described by Madetoja et al. (2000). Further, 100 µl of
ovarian fluid samples were inoculated on TYES agar
and tryptic soy agar (TSA, Difco) plates. Inoculated
TYES agar plates were subsequently incubated at
15°C for 7 d and TSA plates at 20°C for 5 d. Ovarian
fluid samples were also studied using nested PCR as
described by Wiklund et al. (2000). In short, the sam-
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ples were diluted 1:10 and 1:100 in sterile phosphate
buffered saline (PBS) (pH 7.2). One ml of undiluted
ovarian fluid and 1:10 and 1:100 dilutions were cen-
trifuged (4500 × g) and the pellets washed twice with
PBS, (pH 7.2). After the last wash, 20 µl of PBS were
retained in the tube and 300 µl of a 5% Chelex 100 sus-
pension were added. Five µl of the template solution
were used for the nested PCR.

Detection of Flavobacterium psychrophilum in
wild fish. In order to study the presence of F. psy-
chrophilum in wild fish, samples from perch Perca flu-
viatilis and roach Rutilus rutilus were examined using
agar plate cultivation (TYES agar), IFAT and nested
PCR. One roach and 9 perch were captured from an
inlet water channel, and 3 roach and 7 perch from an
outlet water channel (width 7 to 10 m, depth 1 to 3 m)
of Farm IV using fish traps. Captured wild fish were
killed and transported separately on ice to the labora-
tory for bacteriological sampling. The brain, spleen,
kidney and skin mucus of fish were chosen as target
organs for the detection of F. psychrophilum using
inoculation on TYES agar and IFAT (Madetoja et al.
2000). The brain tissue and skin mucus were examined
for F. psychrophilum using the nested PCR method as
described previously. For the nested PCR, the homog-
enized brain was diluted 1:4, 1:10 and 1:100 in sterile
PBS (pH 7.2). The mucous material (100 to 200 µl) was
carefully scraped between head and tail fin from one
side of the fish using a sterile scalpel and transferred
into a sterile Eppendorf tube. One loop (10 µl) of undi-
luted skin mucus was inoculated on TYES agar or
spread on an object slide for IFAT analysis. For nested
PCR, the mucus samples were also diluted 1:10 and
1:100 in sterile PBS (pH 7.2). The undiluted and diluted
brain and mucus samples were stored at –70°C.

Shedding rate of Flavobacterium psychrophilum by
naturally infected rainbow trout. In order to estimate
the shedding rate of F. psychrophilum among naturally
infected fish, 10 rainbow trout, average weight 40 g,
were collected from a concrete outdoor tank (4 to 5°C)
with fish showing clinical signs of BCWD or fish with-
out signs of disease. The living fish (n = 3, apparently
healthy; n = 7, with skin lesions) were transferred to
separate oxygenated plastic bags containing inlet
water of the farm, and transported to the laboratory. In
the laboratory, fish were flooded with Milli-Q water
and transferred individually into plastic containers
containing 1 l of F. psychrophilum-free well water at
4°C for 1 h. The number of F. psychrophilum shed by
rainbow trout into the water were estimated as
described by Madetoja et al. (2000). Fish were killed
after the experiment and tissue samples from the
spleen, kidney, lateral skin lesion (if present) and skin
mucus were inoculated on TYES agar plates, as
described previously.

Identification and characterization of Flavobac-
terium psychrophilum. Bacteria forming yellow
colonies typical for F. psychrophilum on TYES agar
plates were identified using an esculin tube test
(Madetoja et al. 2001), TSA cultivation and PCR (Wik-
lund et al. 2000). An isolate’s ability to degrade gela-
tine (0.6%), casein (0.5%) and elastin (0.1%) was stud-
ied on TYES agar plates supplemented with respective
substrates (Madsen & Dalsgaard 1998). Reactions were
interpreted as positive if a clearing zone surrounded
the colonies. The plates were incubated at 15°C for up
to 10 d. Production of catalase was determined using a
fresh bacterial culture and 3% hydrogen peroxidase
and, if necessary, microscopical confirmation of the
reaction. Cytochrome oxidase reaction was deter-
mined using filter paper soaked with SpotTest™ Oxi-
dase Reagent (Difco). The reaction was read within
30 s. Isolates identified as F. psychrophilum were fur-
ther characterized and differentiated using serotyping
and ribotyping as described by Dalsgaard & Madsen
(2000) and Madsen & Dalsgaard (2000). A 1 kb DNA
ladder (Life Technologies, Gibco BRL) was used as a
size marker in the ribotyping analysis. F. psychro-
philum from rearing water of Farms II, III, IV and V
(see Table 1) had been previously isolated (Madetoja &
Wiklund 2002) and included in the present characteri-
zation studies.

Fish and challenge experiment. In order to examine
the virulence of the characterized Flavobacterium psy-
chrophilum isolated from rainbow trout, wild fish,
ovarian fluid and rearing water, 13 isolates were used
to challenge rainbow trout that were obtained from a
commercial freshwater fish farm in Finland without
previous history of infection with F. psychrophilum.
These fish were kept in a 0.225 m3 fibreglass tank with
a continuous flow of well water of 12°C. Prior to the
experiment the fish were acclimated for 10 d in similar
tanks. Fish were fed ad libitum with a commercial feed
(Ewos) throughout the experiments.

Pure cultures of Flavobacterium psychrophilum
were stored in TYES broth at –70°C. For the challenge
experiment, bacteria were thawed and 30 µl of bacter-
ial suspension was transferred into 5 ml TYES broth
and incubated for 2 d at 15°C with shaking. The cells
were harvested and washed once with sterile PBS
(pH 7.2) by centrifugation at 2500 × g for 15 min at 4°C.
After the final centrifugation, cells were re-suspended
in sterile PBS and immediately used in the experi-
ments. The number of bacteria (expressed as colony
forming units, CFU) in the suspension was determined
using 10-fold serial dilutions and drop-plate technique
on TYES agar.

Fish were anaesthetized using benzocaine (ethyl p-
aminobenzoate, 40 mg l–1, Sigma) before injection.
Rainbow trout (average weight 9 g) were injected sub-
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cutaneously (s.c.) with 1.9 to 6.6 × 107 CFU fish–1 of the
different isolates (20 fish isolate–1) in 50 µl PBS. As con-
trol groups, 20 fish were injected with either 4.7 × 107

CFU fish–1 of the virulent strain T1-1 of Flavobacterium
psychrophilum (Madetoja et al. 2000) in 50 µl PBS or
only 50 µl PBS. After injection, the fish were marked us-
ing fin clipping and transferred into 3 tanks (5 groups
tank–1, see Table 4), and kept in conditions as described
above. The water temperature during the experiment
was 12 ± 1.6°C. Dead fish from the tanks were collected
daily and samples from spleen, kidney and skin lesions
(if present) were inoculated on TYES agar plates, which

were incubated at 15°C for at least 7 d.
Tissue samples from the survivors (1 to
5 fish from each group) were also inocu-
lated on TYES agar. The identity of bac-
teria forming yellow colonies on the
agar plates was tested using slide ag-
glutination and elastinase production
test (Madetoja et al. 2001).

RESULTS

Isolation of Flavobacterium 
psychrophilum from rainbow trout

Flavobacterium psychrophilum was
isolated from skin lesions of 4 out of
5 fish with visible lateral skin lesions
and from skin mucus of all 4 apparently
healthy fish without lesions from Farm
I. F. psychrophilum was isolated only
from internal organs of 4 out of 8 appar-
ently healthy fish obtained from Farm
II. F. psychrophilum was present in skin
lesions and mucus and internal organs
in 8 out of 10 fish with skin lesions, but
bacteria were not isolated from appar-
ently healthy fish (n = 4) obtained from
Farm IV (see Tables 1 & 4). F. psy-
chrophilum was not isolated from rain-
bow trout obtained from Farm III.

Detection of Flavobacterium
psychrophilum in ovarian fluid

Flavobacterium psychrophilum was
detected and isolated in 3 out of 5 ovar-
ian fluid samples using TYES agar culti-
vation, IFAT and nested PCR (Table 1).
Pure culture of yellow colonies oc-
curred on TYES agar, cultivated from

one ovarian fluid sample. The number of F. psy-
chrophilum in this sample was estimated to be 390 CFU
ml–1. The average total numbers of bacteria in ovarian
fluid samples were 350 and 390 CFU ml–1, estimated on
TYES agar and TSA, respectively.

Detection of Flavobacterium psychrophilum in
wild fish

The results of the detection of Flavobacterium psy-
chrophilum in wild fish tissue using different methods
are shown in Table 2. F. psychrophilum was detected
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Farm Isolate Source Elastinase Serotype Ribotype
Cla I Hae III

I L1/00 Skin lesion, RT1 – FpT, Th B B
I L2/00 Skin lesion, RT1 – FpT, Th B B
I L3/00 Skin mucus, RT – FpT A A
I L4/00 Skin lesion, RT1 – FpT, Th B B
I L5/00 Skin mucus, RT – FpT, Th B B
I L6/00 Skin lesion, RT1 – FpT, Th B B
I L7/00 Skin mucus, RT – FpT, Th B B
I L8/00 Skin mucus, RT – FpT, Th B B
II K1/98 Spleen, RT + * A A
II K4/00 Kidney, RTa + FpT A A
II K7/00 Spleen, RTa + FpT A A
II K5/00 Spleen, RTb + FpT, Fd A A
II K6/00 Kidney, RTb + FpT, Fd A A
II K8/00 Spleen, RTc + FpT, Fd A A
II K9/00 Kidney, RTc + FpT, Th B B
IV ST1/00 Skin lesion, RT1 + Fd A A
IV ST2/00 Skin lesion, RT1 + Fd A A
IV ST3/00 Kidney, RT1 + Fd A A
IV ST4/00 Skin lesion, RT1 + Fd A A
IV ST5/00 Skin lesion, RT1 + Fd A A
IV ST6/00 Skin lesion, RT1 – FpT, Th F D
IV ST7/00 Kidney, RT1 + Fd A A
IV ST8/00 Skin lesion, RT1 + Fd A A

V H1/00 Ovarian fluid sample 3, RT – FpT, Th B F
V H2/00 Ovarian fluid sample 3, RT – Th, Fd B H
V H3/00 Ovarian fluid sample 4, RT – FpT E G
V H4/00 Ovarian fluid sample 5, RT + FpT, Fd A E

IV A6/00 Skin mucus, P2 – FpT E G
IV A7b/00 Skin mucus, P2 – FpT E G
IV A9/00 Skin mucus, P2 + FpT I I

II K2/99 Tank water + FpT A A
II K3/99 Tank water + FpT A A
III M1/99 Tank water – * B H
III M2/99 Inlet water – FpT H A
IV ST9/00 Pond water – FpT L NR
V H5/00 Inlet water – FpT, Fd J NR
V H6/00 Tank water – FpT, Fd J NR
V H7/00 Tank water – FpT K NR
1Diseased fish. 2Wild fish. a–cSame letter indicates isolates from 1 fish

Table 1. Flavobacterium psychrophilum. Characteristics of the pathogen iso-
lated from rainbow trout, wild fish, ovarian fluid samples and water (n = 38). 
RT: rainbow trout; P: perch: –: negative reaction; +: positive reaction; *: auto-

agglutination; NR: not restricted
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using nested PCR in skin mucus sample of 1 perch cap-
tured from the inlet water channel, and in brain sam-
ples of 2 roach out of 10 fish examined (roach and
perch) and in skin mucus samples of 7 (2 roach,
5 perch) out of 10 fish captured from the outlet water
channel. F. psychrophilum was observed using IFAT in
skin mucus samples from 1 roach from the inlet water
channel and in all 10 fish captured from the outlet
water channel. F. psychrophilum was isolated on TYES
agar from skin mucus samples of 3 perch, which were
captured from the outlet water channel (Table 1). The
skin mucus samples contained PCR inhibitory sub-
stances, but diluting the samples 1:10 or 1:100 reduced
the inhibition impact (Table 2).

Shedding rate of Flavobacterium psychrophilum
by naturally infected rainbow trout

The shedding rate of Flavobacterium psychrophilum
by 3 apparently healthy rainbow trout, kept individu-
ally in experimental water, varied between 4.2 × 104

and 1.1 × 107 cells fish–1 h–1. The number of F. psy-
chrophilum shed into the water by 7 naturally infected
rainbow trout with skin lesions varied between 4.2 ×
104 and 1.7 × 108 cells fish–1 h–1. F. psychrophilum was
isolated from external and/or internal tissues of all
experimental fish (n = 20 isolates) and experimental
water (n = 6 isolates; Table 3).

Identification and characterization of 
Flavobacterium psychrophilum isolates

All isolates showing negative reaction in an esculin
tube test, absence of growth on TSA plates, and posi-
tive PCR results were identified as Flavobacterium
psychrophilum (n = 64; Tables 1 & 3). The isolates
degraded gelatine and casein, and were catalase and
cytochrome oxidase positive. Of the 64 F. psy-
chrophilum isolates 42 degraded elastin.

Serotyping

In the slide-agglutination tests, 5 different reaction
patterns among the Flavobacterium psychrophilum
isolates studied were observed (Tables 1 & 3). Eighteen
isolates out of 64 (28%) agglutinated with 2 of the
cross-absorbed antisera, and 2 isolates showed sponta-
neous agglutination. These 20 isolates were not sero-
logically typed with the antisera used. The Fd serotype
was the most common among the isolates and 30 out of
64 isolates (47%) examined agglutinated with anti-Fd
serum. Variations in the agglutination of different iso-
lates isolated simultaneously from 1 fish with different
antisera were also observed.

Ribotyping

Based on the results of a previous study (Madetoja
et al. 2001), Cla I and Hae III restriction enzymes were
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Brain Spleen Kidney Skin mucus

Inlet
TYES 0/10 0/10 0/10 0/10
IFAT 0/10 0/10 0/10 1c/10
Nested PCRa 0/10 ND ND 0/10
Nested PCR 1:10 0/10 ND ND 1c/10
Nested PCR 1:100 0/10 ND ND 1c/10
Outlet
TYES 0/10 0/10 0/10 3c/10
IFAT 0/10 0/10 0/10 10b,c/10
Nested PCRa 2b/10 ND ND 0/10
Nested PCR 1:10 1b/10 ND ND 7b,c/10
Nested PCR 1:100 1b/10 ND ND 7b,c/10
aBrain samples were diluted 1:4, skin mucus samples were
undiluted. bRoach. cPerch

Table 2. Flavobacterium psychrophilum infecting Perca fluvi-
atilis and Rutilus rutilus. Detection of F. psychrophilum from
perch and roach tissues using TYES, IFAT and nested PCR.
The fish were captured in the inlet and outlet water channels
near Farm IV. Results are expressed as number of fish positive
for F. psychrophilum/number of fish examined. ND: not done

No. of Source Elastinase Serotype Ribotype
isolates Cla I Hae III

23 Skin mucusa,b, lesions, spleen, kidney, water + Fd A A
1 Skin mucusa – FpT C H
1 Skin mucus – FpT E G
1 Skin mucusb + FpT, Fd D C
a,bSame letter indicates isolates from 1 fish

Table 3. Flavobacterium psychrophilum isolated from Oncorhynchus mykiss and water. Characteristics of F. psychrophilum iso-
lated from rainbow trout (n = 20, avg. weight 40 g) and experimental water (n = 6) after the shedding rate study. The fish were
obtained from Farm IV. Water samples were taken from plastic containers where individual fish were kept for 1 h. +: positive 

reaction; –: negative reaction
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selected for the ribotyping analysis. A total of 12 dif-
ferent ribotypes were found among 64 Flavobac-
terium psychrophilum isolates using Cla I (A–L) and 9
ribotypes among 60 studied isolates using Hae III
(A–I) (Tables 1 & 3). Ribotype A was the most domi-
nant among these, and 40 out of 64 examined isolates
(63%) belonged to this ribotype, restricted using
Cla I, and 40 out of 60 isolates (67%) using Hae III.
Ribotype B was the second most common among the
isolates (Cla I: 11 out of 64; and Hae III: 8 out of 60
examined). Ribotype B was the most dominant among
F. psychrophilum isolates from Farm I (Cla I and
Hae III: 7 out of 8 examined), and Ribotype A among
the isolates from Farm II (Cla I and Hae III: 8 out of 9
examined) and Farm IV (Cla I: 30 out of 38; and
Hae III: 30 out of 37 examined). F. psychrophilum iso-
lated from rearing water of Farms III and V belonged
to Ribotypes B, H (Cla I) and H, A (HaeIII), and J, K
(Cla I), respectively. Flavobacterium psychrophilum
isolates from wild perch, belonged to 2 ribotypes
(Cla I: E, H and Hae III: G, I). Flavobacterium psy-
chrophilum isolated from ovarian fluid samples
formed a heterogenous group (Cla I: A, B, E and
Hae III: E, F, G, H). Variations in the ribopatterns of
the different isolates isolated simultaneously from 1
fish were also observed (Tables 1 & 3). Examples of
different ribotypes of F. psychrophilum using Cla I are
shown in Fig. 1.
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Fig. 1. Examples of different Cla I patterns of Flavobacterium
psychrophilum isolates. Lanes: (1) 1 kb molecular size marker
indicated as kilobase (kb) on the left; (2) Ribotype A; (3) B; 
(4) C; (5) D; (6) E; (7) F; (8) G; (9) H; (10) I; (11) J; (12) K; (13) L
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Challenge experiment

The results of the challenge experiments (Table 4)
generally indicated that isolates, which belonged to
serotype FpT, caused lower mortality (10 to 70%) than
other tested isolates of different agglutination types
and the positive control strain T1-1 (90 to 100%). Mor-
tality started 4 d post-infection and was highest at 5 to
7 d post-injection in fish. Some infected moribund fish
showed dark coloration of skin and exophtalmia. Dead
fish showed skin necrosis and haemorrhages at the site
of injection, and the skin necrosis had progressed into
open lesions in fish from Day 10 to the end of the
experiments. Internally, dead fish had enlarged
spleens, pale head kidneys and anaemia. Flavobac-
terium psychrophilum was isolated from spleen and/or
kidney and skin ulcer of all dead fish. F. psychrophilum
was also isolated from the spleen and kidney of 1 sur-
viving fish (injected with isolate K4/00) 28 d after infec-
tion. The re-isolated F. psychrophilum indicated simi-
lar capability to elastin degradation than before
challenge. Mortality was not observed in negative
control fish.

DISCUSSION

The aim of the present study was to investigate the
occurrence of Flavobacterium psychrophilum in fish
farms and fish-farming environments and to compare
characteristics of isolated F. psychrophilum originating
from different sources. The pathogen was isolated
from rainbow trout, skin mucus of wild fish and ovarian
fluid samples of farmed rainbow trout brood fish. F.
psychrophilum isolated from rainbow trout, from dif-
ferent farms, belonged mainly to a particular aggluti-
nation type and/or ribotype. In general, the isolates
from the fish of each farm formed a rather homogenous
group concerning production of elastinase, agglutina-
tion with different antisera and ribotype. However, iso-
lates showing characteristics different from the major-
ity of those from each farm were always present. The
results indicated that a certain clone of F. psychro-
philum can dominate in one fish farm, which may be
important knowledge for the development of site-
specific vaccines. The results of our virulence experi-
ments indicated that several of the examined isolates
caused high mortality when injected into rainbow
trout. However, isolates belonging to serotype FpT

caused lower mortality in challenged rainbow trout
and thus confirm the results of previous studies (Loren-
zen 1994, Madsen & Dalsgaard 1998, Decostere et al.
2000).

Flavobacterium psychrophilum isolates obtained
from pooled ovarian fluids samples were serologically

and genetically heterogenous. None of the 100 female
fish from which ovarian fluids were collected showed
any typical disease signs to F. psychrophilum. The iso-
lated F. psychrophilum represented different serotypes
and ribotypes, which may have been transmitted to the
brood fish from the rearing water. One of the isolates
from the brood fish showed identical ribopattern (Cla I:
B and Hae III: H) and elastin degradation compared to
an isolate obtained from tank water. Another ribotype
(Cla I: E and Hae III: G) present in ovarian fluid was iso-
lated from mucus of wild fish as well as mucus of rain-
bow trout from Farm IV. These isolates also showed
identical patterns of agglutination and elastin degra-
dation. Isolates belonging to these ribopatterns, how-
ever, were never obtained from internal organs of dis-
eased fish. Three out of 4 isolates from ovarian fluid
samples caused 100% mortality, and 1 isolate belong-
ing to the serotype FpT caused lower mortality (20%)
when injected into rainbow trout. The results of the
present study suggest that rainbow trout brood fish
might carry virulent F. psychrophilum and appear to
be a potential source of infection. However, these bac-
teria did not seem to cause diseases in brood fish. F.
psychrophilum in ovarian fluids might enhance the
immunocompetence of brood fish and partly explain
the elevated antibody level against F. psychrophilum
of gravid rainbow trout observed by Wiklund & Dals-
gaard (2002). In previous studies F. psychrophilum has
been isolated from ovarian fluids of naturally infected
salmonids (Holt 1987, Rangdale et al. 1996, Ekman et
al. 1999). Holt (1987) observed that 1 isolate of F. psy-
chrophilum from salmonid ovarian fluid caused high
mortality when injected into coho salmon. However,
serological and genetic characterizations of F. psy-
chrophilum isolates were not done in those studies.

Flavobacterium psychrophilum was detected from
brain, and detected and isolated from skin mucus of
wild perch and roach without any signs of disease. The
skin mucus of the fish contained PCR inhibitory sub-
stances, and thus F. psychrophilum detection using
nested PCR failed in non-diluted skin mucus samples.
F. psychrophilum was detected from the diluted sam-
ples containing fewer inhibitory components than the
non-diluted samples, although the number of cells
decreased during the dilution procedure. The elasti-
nase-negative isolates from perch belonged to a differ-
ent ribotype (Cla I: E and Hae III: G) than the elasti-
nase-positive isolate, which showed a ribotype (Cla I: H
and Hae III: I) unique among the studied F. psy-
chrophilum. Ribotypes E (Cla I) and G (Hae III) were
found only from 2 other isolates from skin mucus and
ovarian fluid samples and discussed above. In wild
fish, F. psychrophilum has previously been reported
isolated from a diseased wild eel and pale chub
(Lehmann et al. 1991, Iida & Mizokami 1996). The iso-
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lates from perch belonged to serotype FpT and caused
low or moderate mortality (10 and 40%) among rain-
bow trout. Our results suggested that F. psychrophilum
was present in wild fish proximate to fish farms and
may be introduced into the farms by the wild fish.
Although the isolates in the present study caused mor-
tality when high number of cells were injected into
rainbow trout, it, nevertheless, is concluded that these
isolates might not necessarily cause mortality under
rearing conditions. A detailed analysis of ribotype,
serotype and virulence of several F. psychrophilum
isolates from wild fish are needed before a final con-
clusion can be reached concerning the significance of
such isolates.

Flavobacterium psychrophilum obtained from the
rearing water of Farm II showed reaction patterns
(ribotype, agglutination and elastin degradation) iden-
tical to those of some of the isolates from rainbow trout
from the same farm. In contrast, the elastinase-
negative, non-typable isolate from the rearing water of
Farm III belonged to an infrequently occurring ribo-
type, which was also found in an ovarian fluid sample.
The other isolate from the rearing water of Farm III
was elastinase-negative, belonged to serotype FpT and
showed a unique ribotype H using ClaI. The isolates
from rearing water caused low or moderate mortality
in rainbow trout (5 to 55%), except for 1 isolate which
caused high mortality (80%). These results suggest
that certain variants of F. psychrophilum belonging to
serotype FpT in rearing water most likely are not
involved in disease outbreaks in rainbow trout.

Madetoja et al. (2000) reported that artificially infected
(s.c. injection) rainbow trout shed 6.8 × 103 to 3.0 × 106

cells of Flavobacterium psychrophilum fish–1 h–1. These
values are lower than those obtained in our present
study using naturally infected rainbow trout (4.2 × 104 to
1.7 × 108 cells of F. psychrophilum fish–1 h–1). The differ-
ence between the number of cells detected in the pre-
sent study and that by Madetoja et al. (2000) could be
due to the different weights of the fish studied. In the
present study the average weight of the fish was 40 g,
but in the previous study it was 1.6 g (Madetoja et al.
2000). It is thus suggested that in commercial fish farms
removal of diseased and moribund fish from
tanks/ponds should be done in order to decrease the
number of F. psychrophilum in the water and thus di-
minish the infection pressure. However, apparently
healthy, but presumably infected, fish without external
signs of disease kept together in the same tank/pond
with diseased fish, also shed F. psychrophilum into the
water. F. psychrophilum isolated from water in the shed-
ding rate experiment were identical (serotypes and ri-
botypes) to those isolates obtained from the internal or-
gans of the experimental fish as well as from the internal
organs of the fish taken directly from fish Farm IV.

Forty-two out of 64 studied Flavobacterium psy-
chrophilum isolates produced elastinase and, interest-
ingly, all elastinase-negative isolates from fish (n = 16,
Tables 1 & 3) were from external tissues (skin mucus or
skin lesions) or ovarian fluid. Madsen & Dalsgaard
(1999) suggested that production of elastinase might
be crucial for the virulence of some F. psychrophilum
isolates. In the present study a relationship between
capability of elastin degradation and high virulence of
F. psychrophilum was not demonstrated. However, the
elastinase production could be an important mecha-
nism for the invasion of F. psychrophilum into the fish.

Twenty Flavobacterium psychrophilum isolates out
of 64 examined were not typed using slide agglutina-
tion and cross-absorbed antisera against the serotypes
described by Lorenzen & Olesen (1997). However, it is
possible that some of these non-typable isolates might
be typed using a more discriminating ELISA method
(Lorenzen & Olesen 1997) and/or represent new
serotypes of F. psychrophilum.

In the present study, elastinase-positive variants of
Flavobacterium psychrophilum isolates belonging to
serotype FpT were also found in the internal organs of
1 fish. The tested elastinase-positive variant caused the
highest mortality of the isolates belonging to serotype
FpT when injected into rainbow trout. According to the
results of the present and previous experiments (Mad-
sen & Dalsgaard 2000), it is suggested that certain vari-
ants of serotype FpT may be pathogenic for rainbow
trout. The predominant serotypes Th and Fd of Euro-
pean F. psychrophilum isolates have been connected
with disease outbreaks of rainbow trout (Lorenzen &
Olesen 1997, Madsen & Dalsgaard 1998, 1999, Dals-
gaard & Madsen 2000). In the present study isolates of
serotype Fd were involved in disease outbreak at 1
farm (Farm IV, Tables 1 & 3) and isolates of serotype Th
were not involved at all. F. psychrophilum isolates from
Farm I were from skin mucus and skin lesions of rain-
bow trout, and most of the isolates reacted with 2 dif-
ferent antisera (FpT and Th). In a previous study
(Madetoja et al. 2001) F. psychrophilum from Farm I
were isolated from internal organs of diseased rainbow
trout, and belonged to serotype Th or reacted with
2 different antisera, FpT and Th or FpT and Fd. 
F. psychrophilum isolates from Farm II showed het-
erogenous agglutination patterns with tested antisera.

All Flavobacterium psychrophilum isolates belonging
to serotype Fd (n = 30) were ribotype A (ClaI and HaeIII).
The restriction ladders of the ribotype A (Cla I and
Hae III) were identical with restriction patterns C1 (Cla I)
and H1 (Hae III) previously reported by Madetoja et al.
(2001), who suggested a relationship between serotype
Fd and genotype F1 (ribotype C1/H1/P1), which thus is
confirmed by the present study. A possible relationship
between antigenicity and ribotypes of F. psychrophilum
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isolates in previous studies has not been evaluated
(Cipriano et al. 1996, Chakroun et al. 1998). However,
Madsen & Dalsgaard (2000) found that 75% of studied F.
psychrophilum isolates belonged to a certain ribotype
and serotype Th or Fd.

According to the results of the present study, there
seems to be different potential sources of Flavobac-
terium psychrophilum infection in fish farms. The
occurrence of highly virulent F. psychrophilum in fish
mucus and ovarian fluids indicate that transport of fish
poses a significant risk of transmitting F. psychro-
philum between farms. However, it has to be pointed
out that based on the present study low-virulent iso-
lates of F. psychrophilum also can be present in the
mucus of wild fish, ovarian fluid of brood fish and rear-
ing water. Flavobacterium psychrophilum from differ-
ent farms were serologically and genetically heteroge-
nous. Serologically and genetically different F.
psychrophilum isolates were also found from the same
farms and even from the same individual fish. Farmed
rainbow trout female brood fish seemed to carry differ-
ent F. psychrophilum in ovarian fluid. The results of the
present study also support the previous findings
(Madetoja et al. 2001) concerning a relationship
between a certain serotype and ribotype of F. psychro-
philum isolates.
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