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INTRODUCTION

Flavobacterium psychrophilum (formerly Cytophaga
psychrophila/Flexibacter psychrophilus) is a Gram-
negative and slender rod-shaped bacterium belonging
to the family Flavobacteriaceae (Bernardet et al. 1996).
It is an important fish pathogen which causes bacterial
cold water disease (BCWD) in adult salmonids and
rainbow trout fry syndrome (RTFS) in fry (Bruno 1992,
Holt et al. 1993, Austin & Austin 1999). The latter is
recognized as a serious bacterial disease affecting
hatchery-reared rainbow trout Oncorhynchus mykiss,
fry and fingerlings world-wide. RTFS accounts for 10 to
30% of mortality in farmed rainbow trout (Bruno 1992),
sometimes as much as 70% (Chua 1991). To date, little

information is available about the pathogenesis of
F. psychrophilum infections (Rangdale 1995, Lorenzen
et al. 1997, Nematollahi et al. 2003a).

Mode of transmission as well as the portal of entry
for Flavobacterium psychrophilum into the host’s body
still need to be elucidated (Lorenzen 1994, Rangdale
1995, Nematollahi et al. 2003a). The pathogen may
enter the fish’s body through either the skin, the gills
or the gastrointestinal tract (Ellis 2001). Interactions
with the gill tissue have been described previously
(Nematollahi et al. 2003b). Lorenzen (1994), and Liu
et al. (2001) demonstrated the presence of F. psychro-
philum in the lumen and (sub)mucosa of the stomach
and intestine of naturally infected rainbow trout fry
and ayu Plecoglossus altivelis, pointing towards the
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involvement of the gastrointestinal tract as a portal
of entry. Nevertheless, using both the oral and anal
inoculation route, Decostere et al. (2000) were not able
to reproduce the disease experimentally. The role of
the intestine as a suitable colonization site for the
bacterium is hence unclear. 

Several studies mention differences in the associa-
tion of Flavobacterium psychrophilum strains with
rainbow trout cells (Rangdale 1995, Møller et al. 2003,
Nematollahi et al. 2003b, Wiklund & Dalsgaard 2003).
It remains obscure, however, whether these differ-
ences also occur in the trout intestine. The purpose of
the present study was to investigate whether the intes-
tine can be a colonization site for the bacterium using
intestinal explants.

MATERIALS AND METHODS

Fish. Eighteen rainbow trout Oncorhynchus mykiss
of 500 g average weight were obtained from a com-
mercial fish farm (Dilbeek, Belgium) with no history of
RTFS or BCWD. The fish were kept in a flow through
system (2000 l tank) containing aerated well water
(16 to 18°C) for 3 wk prior to experimentation (pH 7.6;
total hardness 100 ppm; NH3 < 0.01 ppm; NO2 <
0.01 ppm; dissolved oxygen 9 ppm). The fish were fed
daily with a commercial diet (Trouvit Perle Response
2000, Trouw). All fish were clinically examined prior to
experimentation. To make sure no parasitic infesta-
tions were present, samples were taken from the skin
and gills. The presence of Flavobacterium psychro-
philum was assessed by streaking swabs from the skin,
gills and fins onto Shieh agar (Shieh 1980). Plates were
incubated at 17°C for 5 d. The fish were found to be
free of external parasite infestations and F. psychro-
philum was not isolated from any of the collected
samples.

Bacterial strains and culture conditions. Two
Flavobacterium psychrophilum strains were used:
Strain 99/10A and Strain Dubois. Strain 99/10A was
recovered from the kidney of rainbow trout in Den-
mark (Wilkund & Dalsgaard 2003). Strain Dubois was
isolated from the spleen in an outbreak of RTFS in Bel-
gium with high mortality (70%) among the affected
rainbow trout fry. In order to preserve virulent proper-
ties, both strains were stored virtually immediately fol-
lowing in vivo isolation at –70°C. Experimental infec-
tion studies using intraperitoneal injection proved that
Strain Dubois was a high virulence strain whereas
Strain 99/10A was found to be of low virulence (Mad-
sen & Dalsgaard 1998, Decostere et al. 2001). 

Stock suspensions of the 2 strains were stored at
–70°C. After thawing, the bacteria were grown for 4 d
in 4 ml of Shieh broth at 17°C. Subsequently, sub-

cultures were incubated for 4 d at 17°C. The cultured
broth was centrifuged (3000 × g, 10 min, 17°C) and the
resulting pellet and supernatant were separated. The
pellet was re-suspended in phosphate-buffered saline
(PBS), pH 7.2, and the number of colony forming units
(CFU) was determined by plating 10-fold serial dilu-
tions on Shieh agar plates.

Experimental design. The model system used has
been previously described (Nematollahi et al. 2005).
Briefly, fish were anaesthetised using a benzocaine
solution in ethanol (w/v: 0.1 g ml–1), injected intraperi-
toneally with heparin (5000 IU kg–1) (Leo Pharmaceuti-
cal Products) and allowed to recover. After 30 min, the
fish were killed using an overdose of the benzocaine
solution and the abdomen of the fish was opened later-
ally. The intestine of rainbow trout is supplied by 2
main blood vessels, namely the aorta intestinalis dor-
salis and the aorta intestinalis ventralis (Thorazensen
et al. 1991, Stoskopf 1993). The larger vessel, the aorta
intestinalis ventralis, was cannulated with a Surflo IV
cannula (Terumo Europe N.V.), which was tied up with
a ligature (silk 2/0) using a surgical knot. Both the cra-
nial and caudal end of the gut were severed and the
gut was placed in a Petri dish containing Ringer solu-
tion. Subsequently, the gut was gently flushed with 10
ml PBS and a ligature was tied around the cranial end.
The gut segment was suspended in an aerated organ
bath at 12°C which was filled with Ringer solution (vol-
ume = 200 ml) and perfusion was started. A drip, filled
with 1500 ml of the perfusion fluid and set at approxi-
mately 60 cm above the bath, was used. Filtered (Corn-
ing, 0.45 µm) and heparinized (10 IU ml–1) Cortland +
dextran 1% (MW 500000; Sigma) was used as perfu-
sion fluid. Dissection, cannulation, rinsage, injection
and ligature of each gut segment were carried out
within 15 min. 

For inoculation, 0.5 ml of bacterial suspension con-
taining 108 CFU of either the high (Dubois) or low
(99/10A) virulence Flavobacterium psychrophilum
strain was injected inside the gut lumen via the caudal
end and tied off. A gut segment injected with 0.5 ml
PBS served as negative control. The gut segments
were each placed in separate organ baths with Ringer
solution + gentamicin (10 µg ml–1) for killing bacteria
adhering to the serosa, and incubated at 12°C for
60 min. After the incubation period, each gut segment
was rinsed 2 times in PBS and the ligatures were
removed. Subsequently, the segments were flushed
with 10 ml PBS and processed for bacteriological,
histological and electron microscopical examinations
as described below. For each inoculum (either Dubois,
99/10A or PBS), the ligated intestine of 1 fish was used
and the experiment was repeated twice.

Processing of the gut for bacteriological examina-
tion. For bacteriological examination, 9 fish were euth-
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anized, and the intestine removed and inoculated as
described above. After incubation, half of the intestinal
explant was then placed into pre-weighed vials con-
taining 2 ml of sterile PBS, cut into small pieces with
sterile scissors and macerated. Fifty µl of 10-fold serial
dilutions of the gut slurry were plated on Shieh agar
plates in triplicate. After 5 d of incubation at 17°C,
viable counts were made (CFU g–1).

Processing of the gut for histological and electron
microscopical examinations. The experiment was car-
ried out as described above. Nine fish were euthanized
and the intestine removed. After incubation, each gut
segment was cut into 2 equally sized pieces, 1 for histo-
logical and 1 for electron microscopical examination.
For histological examination, the samples of the gut
were placed in 4% phosphate-buffered formaldehyde
for 24 h, sectioned and stained with Giemsa or haema-
toxylin–eosin (H&E) and examined under a light
microscope.

For scanning electron microscopical (SEM) examina-
tion, samples were fixed in hydroxyethyl-piperazine-
ethanesulfonic acid (HEPES) buffer (0.1 M, pH 7.3)
containing 2.5% glutaraldehyde and 2% paraformal-
dehyde and postfixed in 1% (w/v) osmium tetroxide in
distilled water. Then, they were dehydrated in alcohol
and acetone for subsequent critical point drying in
liquid carbon dioxide (Balzer CPD, 030), glued with
carbon cement on aluminium stubs, sputtered with a
platina layer (JEOL, JFC-1300) and examined in a JSM
5600 LV scanning electron microscope (JEOL).

Statistical analysis. The results obtained with the
low and high virulence strain were compared using the
paired t-test (computer program Sigma Stat, Analytical
Software). In all analyses, a value of p < 0.05 was
considered statistically significant.

RESULTS

Expressed as mean bacterial counts (±SD), the bac-
teriological titrations showed that 7.27 (±0.28) and 5.71
(±0.20) log10CFU g–1 of gut tissue were recovered from
intestinal explants of rainbow trout after inoculation
with Flavobacterium psychrophilum strains Dubois
and 99/10A, respectively. Significantly more bacteria
were recovered from the gut tissue exposed to the high
virulence strain than from samples inoculated with the
low virulence strain (p < 0.05). In control gut sections,
no F. psychrophilum bacteria were found.

Histological examination of gut segments inoculated
with the high virulence strain (Dubois) showed clusters
of long and slender bacteria associated with the gut
epithelium (Fig. 1A). There was also extensive slough-
ing of the surface epithelium and necrotic cells packed
with numerous clusters of bacteria (Fig. 1B). In sections

of gut segments exposed to the low virulence strain
(99/10A) only occasionally could any filamentous bac-
teria be observed in association with the gut epithe-
lium. Exfoliation of epithelium was rarely observed. In
control gut sections, no bacteria were noted. Indeed,
the histological sections of intestinal explants either
inoculated with Strain 99/10A or PBS (control)
revealed the intact gut epithelium, brush border, gob-
let cells and slight oedema (Fig. 2).

Results of the SEM examination are shown in Figs. 3
& 4. Both strains were able to adhere to the mucus
layer and intestinal epithelium. Gut tissue inoculated
with the high virulence strain was covered by a thick
mat consisting of clusters of bacteria, mucus (Fig. 3A)
and necrotic cells (Fig. 3B). In samples inoculated with
the low virulence strain, markedly less bacteria were
associated with the gut tissue. Additionally, the gut
segments exposed to the low virulence strain were
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Fig. 1. Oncorhynchus mykiss. Histological section of an in-
testinal explant inoculated with the high virulence Flavo-
bacterium psychrophilum Dubois strain. (A) Clusters of bac-
teria are associated with the gut epithelium (arrows) (scale
bar = 10 µm, Giemsa). (B) Note the sloughing of the surface
epithelium (arrowhead) and necrotic tissue (arrow) (scale 

bar = 50 µm, Giemsa)
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damaged far less compared to samples challenged
with the high virulence strain (Fig. 4A). Indeed, the
intestinal tissue of the control gut sections remained
intact during the incubation period (Fig. 4B). 

DISCUSSION

The basic steps in the establishment of an infection
by a bacterial pathogen include attachment or entry
into the host’s body, evasion of host defences against
infection, multiplication at the site of infection, damage

to the host tissues and transmission from the infected
animal to other susceptible animals (Gyles & Prescott
2004). In this study, the possible role of the gut of
rainbow trout as a colonization site for Flavobacterium
psychrophilum was determined. Several authors have
attempted to set up a cohabitation and contact/immer-
sion infection model in an attempt to mimic the natural
route of infection. This was performed successfully
by Rangdale (1995), Madsen & Dalsgaard (1999),
Madetoja et al. (2000), but only after stressing the fish.
However, other researchers failed to reproduce the
disease in fish through immersion challenges and oral
inoculation (Mudarris & Austin 1989, Iida & Mizokami
1996, Ostland et al. 1997, Decostere et al. 2000). As far
as oral inoculation is concerned, the low pH in the fish
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Fig. 2. Oncorhynchus mykiss. Histological section of an
intestinal explant either inoculated with (A) the low virulence
Flavobacterium psychrophilum 99/10A strain or (B) PBS
(control tissue). Note the intact gut tissue, brush border and
epithelium and slight oedema (arrows). (A) Scale bar = 50 µm,

Giemsa; (B) scale bar = 50 µm, H&E

Fig. 3. Oncorhynchus mykiss. Scanning electron microscopy
of an intestinal explant, inoculated with the high virulence
Flavobacterium psychrophilum Dubois strain. (A) Surface is
covered with an irregular mat consisting of clusters of bac-
teria (arrows), exfoliated epithelial cells and mucus. Note
the extensive desquamation of intestinal epithelial cells (scale
bar = 5 µm). (B) Severe epithelial damage of the intestine with

necrotic cells in process of exfoliation (scale bar = 20 µm)
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stomach may have a negative influence on the survival
of F. psychrophilum. Additionally, it is possible that the
bacterium was inactivated by the presence of digestive
enzymes in the gastrointestinal tract (Decostere et al.
2000). 

The gut perfusion model used in this study mimics
the in vivo situation and overcomes some difficulties
of in vivo infection experiments by bypassing the
stomach but maintaining the anatomic intestinal
integrity. This enables the study of the interaction of
Flavobacterium psychrophilum with a specific part of
the digestive tract under controllable conditions. The
advantage of the model used over in vitro techniques
(e.g. cell cultures) is the integrity of the epithelial bar-
rier, including the mucus layer (Nematollahi et al.
2005). 

The resulting data prove that the high virulence
Dubois strain has more ability to adhere to the gut
tissue than the low virulence 99/10A strain as demon-

strated by histology, SEM and bacteriology counts.
This might indicate that the high virulence strain has a
higher intestinal colonization capacity than the low
virulence strain. This hypothesis is in line with a pre-
vious report in which a positive correlation between
bacterial virulence and the ability to adhere to piscine
epithelial cells in vitro was found (Del Corral 1975).
Zaldiver (1985) and Del Corral (1999) correlated the
virulence of Flavobacterium columnare and Aero-
monas hydrophila strains and their ability to adhere to
epithelial cells in vitro.

As a whole, the intestinal explants exposed to the
low virulence strain were in a much better condition
than those inoculated with the high virulence strain as
shown by histology and SEM. The high virulence
strain induced sloughing of the surface epithelium,
clumping of the epithelial cells which in some areas led
to severe tissue necrosis. This correlates well with the
observation of intestinal damage in natural outbreaks
of RTFS (Lorenzen 1994). Bacteria were seen attached
to either mucus or epithelial cells. Adherence of bacte-
ria to mucus suggests that mucus can provide an
important site of colonization in the fish intestine. In
addition, intestinal mucus provides a rich source of
nutrients that allows the bacteria to multiply (Krivan et
al. 1992, Ellis 2001). Attachment to and penetration
into intestinal mucus and epithelial cells are also
important in the colonization of fish intestine by other
fish bacteria (Austin & Austin 1999, Roberts 2001).
Interestingly, the results of the present experiment
correlate with those of similar experiments with
Flavobacterium psychrophilum and gill tissue (Nema-
tollahi et al. 2003b). 

In conclusion, these results suggest that adhesion to
the gut might represent an important site for successful
colonization of Flavobacterium psychrophilum.
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