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ABSTRACT

Flavobacterium psychrophilum is the causative agent of rainbow trout fry syndrome
(RTFS) and bacterial cold water disease (BCWD). Despite RTFS causing significant
economic losses in salmonid aquaculture, there is limited information on the
epidemiology of the disease and the pathogenicity of the bacterium. An important step
for the development of successful control strategies for the disease is the
development of rapid, sensitive and specific diagnostic tools for the isolation and
identification of the pathogen in environmental and fish samples. This study examined
the potential of using a number of different methods to identify the bacterium in
environmental samples. In addition the ability of the bacterium to survive under
conditions of prolonged starvation and the morphological as well as functional
changes that occur, were examined.

The potential of using a polymerase chain reaction (PCR) to detect and
monitor F. psychrophilum in farming systems was investigated in this study. After
validating the PCR assay in terms of sensitivity and specificity, two different surveys
were performed on two fish farms with similar tank layouts, both of which had an
endemic problem with RTFS. The results of both surveys indicated that the majority of
areas of both farms sampled (egg incubators, hatchery, fry tanks, broodstock, farm
outlet) were positive for the pathogen, while both inlets were negative. An
inappropriate farm layout and possibly ineffective disinfection procedures may have
led to the outbreaks of RTFS with high mortalities on these farms.

Morphological and functional changes in F. psychrophilum, observed under
conditions of starvation were examined. Bacteria maintained in stream water stopped
multiplying and became small and rounded. Their culturability declined until it was no
longer possible to obtain colonies on agar plates 19 weeks after setting up of the
experiment. However, even after 36 weeks, it was still possible to obtain growth of the
bacterium by a resuscitation step in Cyfophaga broth. The culturability of the
bacterium did not correspond with its viability as tested with a Live/Dead kit. Bacteria
maintained in distilled water or treated with a disinfectant, appeared non-viable and
non-culturable 1h after setting up the experiment. No morphological changes were
observed in the bacteria maintained under these conditions. Bacteria maintained in



broth were present as long, slim rods, some of which developed into 'ring' formations.
Small differences were observed in the antigen profiles of the bacteria maintained
under the different treatments, possibly due to a reduction in the size and metabolism
of the bacteria. There was also a marked decline in the sensitivity of a PCR method
used to detect bacteria 16 weeks from the onset of the study, with differences also
observed in the sensitivity of the PCR between bacteria maintained under the different
treatments.

The ability of F. psychrophilum to attach to unfertilised rainbow trout eggs and
to hydrocarbon n-hexadecane was examined, whereby five different isolates of F.
psychrophilum obtained from a variety of origins were compared. The effect of the age
of the bacterium and conditions of starvation on the ability of the bacterium to adhere,
were also evaluated. The different isolates were found to exhibit a similar ability to
attach to both substrates. Increased surface hydrophobicity and a greater ability to
attach to the surface of the eggs were observed with bacteria aged for one month,
compared to bacteria cultured in Cytophaga agar for only three days.

The potential of four different methods to identify and enumerate F.
psychrophilum in water samples was also examined. Semi-quantitative PCR and
quantitative PCR using an internal standard appeared to be specific but lacked
reproducibility. The in situ hybridisation technique detected bacteria from three-day
old culture but no signal was observed when one-month old bacteria were tested.
Further investigation is needed to validate the method in terms of specificity. The IFAT
method provided positive results with aged bacteria however, there is concern over
the specificity and sensitivity of the antibodies used.

The ability of F. psychrophilum to colonise the surface of rainbow trout eggs
after a bath challenge and the effects of this colonisation on the egg was also
investigated. The bacterium appeared not to penetrate within the eggs after
colonisation of the surface of the eggs. Further studies are needed to confirm this,
however, especially under adverse environmental conditions as often observed in
commercial hatcheries during incubation (e.g. high egg densities, reduced water flow,
higher water temperature).

The techniques used in this study show great potential for the investigation of
the epidemiology of the disease and once the problems discussed are resolved, their
application will undoubtedly assist in the successful development of control strategies
for RTFS.
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CHAPTER 1

GENERAL BACKGROUND

1.1 DISEASES ASSOCIATED WITH FLAVOBACTERIUM PSYCHROPHILUM

1.1.1 History

Flavobacterium psychrophilum was originally named Cytophaga psychrophila and
was initially isolated from an outbreak of bacterial cold water disease (BCWD) in
coho salmon (Oncorhynchus kisutch) in Washington State, USA in 1948 (Wood
and Yasutake, 1956; Borg, 1960). Since then the organism has been re-classified
twice, firstly as Flexibacter psychrophilus (Bernardet and Grimont, 1989) and more
recently as Flavobacterium psychrophilum (Bernardet et al., 1996). Since 1986, F.
psychrophilum has also been associated with another syndrome that has caused
great problems and high mortalities in rainbow trout (Oncorhynchus mykiss) fry
and fingerlings in many countries, including Germany, Italy, UK, France, Denmark,
Finland, Spain (Weis, 1987; Bernardet et al., 1988; Lorenzen et al., 1991; Bruno,
1992; Sarti et al., 1992; Toranzo and Barja, 1993; Wiklund et al., 1994), Tasmania
and Japan (Chakroun et al., 1997). The disease was known by a variety of names
in these countries, such as Fry Anaemia, Fry Mortality Syndrome and Visceral

Myxobacteriosis. However, the name that is most widely used today is rainbow
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trout fry syndrome (RTFS). Since 1993, the disease has also been reported in
Chile, causing important losses (Bustos et al., 1995)

Over the last decade F. psychroplilum has also been reported in other
species, such as wild ayu (Plecoglossus altivelis) and pale chub (Zacco platypus)
(lida and Mizokami, 1996), eel (Anguilla anguilla), carp (Cyprinus carpio), tench
(Tinca tinca) and crucian carp (Carassius carassius) (Lehmann et al., 1991) and

more recently in Baltic salmon brood fish (Ekman et al., 1999).

1.1.2 Causative Agent

F. psychrophilum is a Gram negative, weakly refractile slender rod with rounded
ends (Holt et al, 1993). Its size ranges from 0.3 to 7 pum, although some
filamentous (10-40 um) and some pleomorphic forms also exist.

Gliding motility is always reported, although some times it is slow and
difficult to observe (Bernardet and Grimont, 1989; Lehmann et al, 1991;
Schmidtke and Carson, 1995).

Cytophaga agar (Anacker and Ordal, 1959) is the most widely used
medium for the isolation of F. psychrophilum from infected fish (note: in this thesis,
the Cytophaga agar used is the modified Cytophaga agar developed by Bernardet
and Kerouault, 1989, Appendix 3.1). Some authors also suggested various
modifications of this medium for improved results (lida and Mizokami, 1996;
Daskalov et al, 1999). On this medium, yellowish, smooth, raised, convex
colonies with spreading irregular edges appear, after 48-96 hours at 15-20° C
(Lehmann et al., 1991; Holt et al., 1993). Colonies do not adhere to the agar

(Lehmann et al, 1991; Toranzo and Barja, 1993). On the other hand, the
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bacterium shows poor or no growth on tryptone soya agar, brain heart infusion
agar and Columbia blood agar (Santos et al., 1992). In liquid media, improved
growth is obtained if Cytophaga broth and tryptone yeast extract salts are used
(Holt et al., 1993). An interesting feature of the cultures is a characteristic cheese-
like odour (Lorenzen et al., 1997). It appears, however, that the culturability of F.
psychrophilum is not always related to its viability, as Michel et al., (1999)
observed. They found that there was a difference between the viability obtained
from colony forming units (CFU's) and the viability observed using the Live/Dead
viability kit (Molecular Probes). They also concluded that the bacterium appeared
to be susceptible to osmotic change.

F. psychrophilum is strictly aerobic and grows at temperatures ranging from
41026°C (the bacterium does not grow when the temperature is 26° C or above,
Pacha, 1968) and the optimal growth temperature is approximately 19.6° C (Uddin
and Wakabayashi, 1997). However, the optimal temperature for protease
production appears to be much lower, around 13.3 + 1.9° C. With respect to the
salt tolerance of the bacterium, Holt et al., (1993) found that the organism could
tolerate up to 1% NaCl.

Many authors using different techniques (serological analysis, genetic
analysis, biochemical profiles) investigated the variation among isolates. Strains of
F. psychrophilum generally display little variation (Lorenzen et al., 1997). However,
Pacha (1968) found a variation in phenotypic characteristics of various strains. He
also suggested that this variation may be directly related to the pathogenicity of
the bacterium. Schmidtke and Carson, (1995) also confirmed this variation. In an
other study, Bertolini et al., (1994b) studying the protease patterns of several

isolates concluded that according to the absence or presence of certain proteases,
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there was a correlation between proteases expressed and the host from which the
bacterium was isolated. Thus, they divided the strains they tested into 4 groups.
Madsen and Dalsgaard, (1999) reported that the elastin-degrading stains of F.
psychrophilum appeared to be most virulent. Chakroun et al., (1997) using RAPD
to screen 60 isolates also found that there is a strong correlation between some
patterns and the fish host.

Holt et al., (1993) using a single agglutination method found 28 strains of
the bacterium shared common antigens. However, they concluded that it would be
necessary to examine more strains, since some appeared to possess additional
antigens. Wakabayashi et al., (1994) also came to the same conclusion. In
addition, these authors managed to divide the F. psychrophilum strains into two
distinct serotypes, O-1 and O-2. Bertolini et al, (1994a) after studying the
variability in the protein and lipopolysaccharide components, found that the
species-specific common protein antigen of F. psychrophilum, which is the basis of
the serological confirmation. However, they only studied a limited number of
strains and thus further investigation is needed to confirm this finding. On the other
hand, distinct antigenic groups exist among the various strains of the bacterium
based on the LPS components.

Bernardet and Kerouault, (1989) studied the DNA base composition (G+C
content) of several strains of the bacterium and found that this content ranged
from 32.5 to 33.8 mol%. Lorenzen et al., (1997) conducting a plasmid analysis of
several strains, found that isolates from clinical outbreaks of RTFS/BCWD had one
plasmid of approximately 3.2 kbp and isolates from chronically infected fish had an
additional plasmid of 2.6 kbp. Isolates without such plasmids or with two plasmids

of different size generally originated from fish without classical signs of
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RTFS/BCWD. However, they concluded that challenge experiments including
isolates with different plasmid profiles are needed to determine the role of these
plasmids. In contrast, Madsen and Dalsgaard, (2000) found no clear correlation

between the existence of the 3.3 kb plasmid and virulence.

1.1.3 Ecology-Pathogenesis

Concerning RTFS, heavy mortalities (up to 80 %) occur when water temperatures
are 10° C or below (Bernardet ef al., 1988; Austin, 1992; Santos et al., 1992). In
some cases the disease also occurs at higher temperatures, but above 15° C
mortality declines progressively (Dalsgaard, 1993). Rainbow trout fry are the most
vulnerable although brown trout (Sa/mo trutta L.) fry also appear to be susceptible
(Sarti et al., 1992). Fish weighing 0.2-1 g, approximately 7 weeks after the start of
the feeding, are most usually affected (Bernardet et al., 1988; Lorenzen et al.,
1991; Sarti ef al., 1992; Rangdale, 1995). The pathogen can also affect larger fish,
but in this case only skin and muscles are affected (Bruno, 1992; Santos et al.,
1992).

Coagulated-yolk disease often proceeds outbreaks of BCWD and mortality
as high as 20-50% may occur (Holt et al., 1993) when the water temperature is 4-
10° C. If the disease is delayed until alevins are placed in rearing units then the
mortality is around 20% and destruction on the peducle is the most characteristic
external lesion (Holt et al., 1993).

There is little information regarding the route by which the organism enters
the fish and how it spreads within the body. However, many experimental trials

have been conducted to investigate possible routes. So far, under experimental
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conditions, only intraperitoneal and intramuscular injections have been used to
successfully transmit RTFS, since they provided satisfactory and reproducible
results (Madsen and Dalsgaard, 1999, Garcia et al., 2000). An interesting
observation by Holt (1987 cited by Dalsgaard 1993) was the fact that the virulence
mechanisms of the pathogen were better expressed in the muscle tissue than in
the peritoneal cavity. Bath challenge and cohabitation failed to provide
reproducible results (Austin, 1992; lida and Mizokami, 1996; Madsen and
Dalsgaard, 1999), although Lorenzen et al., (1991) demonstrated that RTFS can
be transmitted by cohabitation as well as by intraperitoneal injection of isolated
bacteria. Borg (1960) demonstrated that horizontal transmission of BCWD was
feasible only when the mucus and epidermis of the experimental fish were
damaged. Lumsden et al., (1996) also suggested that necrotic myositis, observed
in many F. psychrophilum infections, begins as a superficial infection as a result of
excessive abrasion, after fish are placed in the cages.

F. psychrophilum has been isolated from eggs, ovarian fluids and milt of
sexually mature females and males respectively (Holt et al., 1993; Cipriano et al.,
1995; Rangdale et al., 1996; Brown et al., 1997). The source of the contamination
of the eggs was found to be either the broodstock or the water (Brown et al.,
1997). Kumagai and Takahashi, (1997) reported that eggs imported from the USA
were responsible for outbreaks of BCWD in Japan. Bustos et al, (1995) also
suggested that imported eggs were responsible for serious epidemics in Chile.
The localisation of the pathogen on/in the egg, however, is still open to debate.
Brown et al., (1997) after disinfecting the surface of infected eggs, homogenised

the eggs and placed them on TYE (Tryptone Yeast Extract) agar. Although they
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identified F. psychrophilum colonies suggesting that the pathogen was localised
inside the egg, this still needs to be confirmed.

Lorenzen et al., (1991) suggested that additional factors are involved in
RTFS. The intestinal parasite Hexamita salmonis and the ectoparasite Costia
necatrix have been isolated in many cases of RTFS. The bacterium does not
produce microcysts but possibly maintains itself in a vegetative state throughout
the year (Pach and Ordal, 1970 cited by Holt et al., 1993). Brown et al., (1997)
suggested that it is possible amphibians, insects and other animals may act as
reservoir of the bacterium. Wild fish, or fish escaping from farms may also
contribute to the spread of the disease, as observed by Wiklund et al., (1994).
Nutritional factors, such as elevated levels of oxidised lipids in the diet, also
appear to play a role in the occurrence of RTFS (Daskalov et al., 2000). Finally,
stress also contributes to the appearance of RTFS as Rangdale et al., (1997a)
suggested.

The organism appears to possess substances that can cause lysis of dead
bacterial cells, such as E. coli and A. hydrophila (Dalsgaard, 1993). This feature is
believed to give an additional advantage over other bacteria. In addition, proteases
and endotoxines (LPS) were also found and probably play an important role in

pathogenesis of the disease.

1.1.4 Clinical Signs and Pathology

The gross signs of the disease are the same as in many other pathological

conditions of fish. Thus, diseased fish exhibit weakness, loss of appetite,

melanosis, ascites and exophthalmia (Bernardet ef al., 1988). In addition, the
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affected fish sometimes appear lethargic and swim close to the water surface, the
sides and the outlet of the troughs (Lorenzen et al., 1991). In some hatcheries
where BCWD is endemic, juvenile fish exhibit abnormal spiral swimming behavior
due to inflammation of the cranial cavity and anterior vertebrae (Kent et al., 1989).
The gills are pale due to anaemia with a severe reduction in the number of
erythrocytes. In some cases haemorrhages are also observed in the gills (Sarti et
al, 1992). Larger fish show convex lesions associated with the lateral flank
(Bruno, 1992) and in severe cases muscle damage at one or more sites on the
body surface (Santos et al, 1992; Lumsden et al., 1996). Some authors also
reported the existence of blisters containing watery blood and occasionally ulcers
on the skin (Weis, 1987 cited by Dalsgaard, 1993). In some chronic forms of
BCWD lordosis and scoliosis were also observed in many salmonid species (Kent
et al., 1989).

Evensen and Lorenzen (1996) studied the course of the disease in
experimentally infected fish and reported that the infected fish showed signs of
infection 1 day after intraperitoneal injection of the pathogen. A peak in the clinical
signs was observed 36 to 48 hours post-infection and 94 hours post-infection, with
survivors showing only a few distinguishable clinical signs or gross pathological
changes.

Internally, the liver is pale, the head kidney atrophied, the ventricle is often
distended, the intestine is empty, fragile and white, except for the caudal part,
which is reddish and the spleen is greyish, enlarged with soft texture and
haemorrhagic petecchiae and in later stages completely necrotic (Lorenzen et al.,

1991; Bruno, 1992; Sarti et al., 1992). There is also ascitic fluid in the abdomen.
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The histopathological signs include focal necrosis in the liver, kidney and
heart, hyaline droplet degeneration in the tubules of the secretory part of the
kidney and degeneration of the muscles (Lorenzen et al, 1991). In addition,
weakly-stained Gram negative rods are found in almost all the organs and
especially in the vascular system, the head kidney, the heart and spleen. The
lateral skin lesions, which are prominent findings in more chronic stages, include
oedema, necrosis, collapse, pyknosis and lymphocyte infiltration of the dermis and
underlying muscles (Bruno, 1992). Muscle fibres appear necrotic without striation
and many of them were undergoing myophagy by large activated macrophages
(Lumsden et al., 1996). In many BCWD outbreaks, Ostland et al, (1997b)
described intraocular swelling and thickening of the corneal epithelium and in a
later stage necrosis and rupture of the epithelium. Evensen and Lorenzen, (1996)
also detected the pathogen in the eyes and the choroid gland and in addition, they
also observed inflammatory cells containing bacteria and bacterial products in
basal parts of the retina as well as in other organs. Thus, they concluded that
RTFS is a severe septicemic infection that heavily involves the monocyte-
macrophage system.

In many BCWD epizootics, major changes in the developing bone and
cartilage, including the entire head region, such as cephalic osteochondritis and
necrotic scleritis, spinal column, elements of the pectorals and ribs have been
observed (Ostland et al., 1997b). Kent et al., (1989) observed osteitis, meningitis
and ganglioneuritis in juvenile coho salmon, infected with F. psychrophilum.
Evensen and Lorenzen (1996) also found bacteria/bacterial products in the vicinity

of the vertebrae.
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1.1.5 Detection of F. psychrophilum

A variety of Cytophaga-like bacteria are normally found in healthy fish, or on the
surfaces of fish eggs (Barker, 1990). In many cases, simultaneous infections by
infectious pancreatic necrosis (IPN) virus and F. psychrophilum have been
observed. Thus, in each case, it is essential to establish whether F. psychrophilum
is the actual cause of the problem or not. This is difficult, as no case definition for
RTFS exists. Moreover, it appears that there is no reliable method to detect the
pathogen in fish or environmental samples. At present, the diagnosis of RTFS is
based on the clinical signs in combination with the successful isolation and
identification of F. psychrophilum. However, in many cases the isolation and
identification of F. psychrophilum are very problematic, since there is no antibody-
based technique that can identify all isolates (Lorenzen and Karas, 1992;
Lorenzen and Olesen, 1997) and culture-based methods appear very problematic
(Daskalov et al., 1999; Michel et al., 1999). In addition, the pathogenicity of F.
psychrophilum is not fully understood and the disease appears in many forms in
different countries (Bernardet, personal communication). Finally, the presence of
the pathogen in a farm system does not always result in a disease outbreak, since
stress seem to play also an important role in the occurrence of the disease
(Rangdale et al., 1997a).

So far, the detection of the bacterium is based on the isolation of the
pathogen from the internal organs and skin lesions on Cytophaga agar. The
morphology of the colonies and the lack of growth on tryptic soya agar and brain
heart infusion agar provide some information for the identification of the bacterium.

The isolates are subsequently subjected to morphological, physiological,

10
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biochemical and enzymatic tests (e.g. APl 50CH and APl ZYM systems) (Santos
et al., 1992). Such methods are time consuming and culture of the pathogen is not
always successful (Chapter 2).

Sarti et al,, (1992) attempted to develop a simple method for the rapid
detection of F. psychrophilum. For this purpose they used fuchsin to stain spleen
smears from infected fish.

An immunofluoerescence technique was suggested by Lorenzen and Karas
(1992) as a rapid diagnostic tool. The authors used rabbit antisera and prepared
serial dilutions of it. At low dilution, there was a low-level cross reactivity with
Flavobacterium columnare. The biggest advantage of this method, however, apart
from the fact that it is a very quick one, is that it can detect viable as well as dead
cells.

Toyama et al., (1994) using primers developed from the 16S rRNA region,
produced a polymerase chain reaction (PCR) test to detect the bacterium. Izumi
and Wakabayashi (1997) used this technique to screen apparently healthy juvenile
ayu and coho salmon eggs. This method has a great advantage over conventional
methods of detection, since it is very specific and it can be performed in one day.
More recently, Urdaci et al., (1998) developed another PCR method using primers
also designed from 16S rRNA.

Evensen and Lorenzen (1996) demonstrated that an immunohistochemical
technique could be of use for the detection of F. psychrophilum in paraffin-wax-
embedded sections. However, the antisera they used cross-reacted with
Aeromonas salmonicida in the lumen of the intestine and in the pancreas.
Nevertheless, this technique, in addition to being an important pathogen

identification tool, can offer great assistance in a variety of pathogenesis studies.
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1.1.6 Control

For the time being, the control of RTFS depends on the oral administration of a
wide range of anti-microbial compounds, some of which have proven ineffective.
Soltani et al., (1995) studied the minimum inhibitory concentrations of several anti-
microbial agents and recommended amoxycillin, norfloxacin, oxolinic acid and
oxytetracycline for the control of the disease. In a similar study, Rangdale et al.,
(1997b) found that the new generation 4-quinolones (e.g. sarafloxacin and
enrofloxacin), oxolinic acid and florfenicol when given orally can be very effective
against F. psychrophilum. Brown et al, (1997) suggested that injection of
antibiotics to the broodstock may help to reduce mortality due to BCWD. However,
there is an increasing concern about the excessive use of antibiotics due to build-
up of resistance. Rangdale (1994) discussing routes to successful treatments of
RTFS, speculated that this problem could be due to either plasmid-mediated or
chromosomal resistance.

With respect to the disinfection of the eggs, Kumagai and Takahashi (1997)
found that 50 ppm of iodine for 15 minutes failed to prevent outbreaks of the
disease in some lots of eggs. Holt et al., (1993) also reported the ineffectiveness
of such treatments. On the other hand, Brown et al., (1997) reported that 100 ppm
povidinefiodine for 30 minutes resulted in 98 % reduction in the number of
culturable F. psychrophilum from eggs. However, the killing effect was not
complete, suggesting that longer exposure may be more effective.

Wood (1974 cited by Holt et al., 1993) observed that if eggs were incubated

in shallow troughs, then the BCWD epidemics were less severe. In addition, when
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the water flow through vertical incubators was increased, this resulted in more
serious BCWD epidemics.

Holt (1988) reported that vaccination by intraperitoneal injection of formalin-
killed cells and adjuvant, or by direct immersion in formalin-killed cells, effectively
protected coho salmon yearlings against experimental challenge with the
pathogen. On the other hand, Obach and Baudin-Laurencin (1991) after a
vaccination trial of rainbow trout against the visceral form of BCWD, found that the
vaccine was effective only if the size of the fish is >0.5 g (50 days post hatching).
Intraperitoneal injection as the vaccination route can be effective, although in
practical terms is not feasible in this case due to the small size of fish (the critical
size for this disease is around 0.5 g). Immersion, on the other hand, appears to be
a more advantageous way of vaccination. However, as Johnson et al., (1982)
pointed out, in case of salmonids, the fish should weigh at least 1 g, or even better
2.5 g, for bath vaccination to be effective. At present, an effective commercial

RTFS vaccine does not exist.
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1.2 RESEARCH OBJECTIVES

1.

Investigate the potential of using PCR to monitor F. psychrophilum in the
aquatic environment of a farm. The primers designed by Toyama et al., (1994)
were used for the PCR assay, but a different extraction method was employed.
The aim of this study was to identify the pathogen in water, egg and spleen
samples in order to obtain information on the persistence of the bacterium in
the different parts of the farm. The importance of the layout of the farm and the
general management procedures in relation to the spread of the pathogen
within the farm was examined.

Problems with the isolation and identification of the pathogen using culture-
based methods appear to exist. Many of these appear to be related to the
ability of F. psychrophilum to develop a viable but non-culturable state (the
bacteria are viable but not able to form colonies on agar plates). Therefore, the
ability of F. psychrophilum to survive under starvation conditions in stream
water, distilled water, Cytophaga broth and after disinfection was investigated.
Changes in the general morphology of the bacterium as well as its culturability
and viability, using cultures and a commercially available viability kit
respectively, was examined. Changes in the protein and antigenic profiles were
also investigated.

Development of a quantitative method to enumerate F. psychrophilum in water
samples. Such a method, once developed and standardised, could provide
useful information on the levels of the pathogen in the aquatic environment
before, during and after a disease outbreak. In addition, it could be used to test

the efficacy of disinfection or antibiotic treatments.
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4. The first step in successful colonisation leading to infection is the ability of the
pathogen to adhere to its host. In the case of F. psychrophilum, there is a lack
of information on the pathogenicity of the organism, especially during the first
stages of infection. This can partially explain why the cohabitation or bath
challenges have so far provided poor results. Thus the ability of F.
psychrophilum to attach to surfaces was examined. Two substrates,
unfertilised rainbow trout eggs and n-hexadecane were used. Different F.
psychrophilum isolates were tested and the effect of the age of the bacterial
cells on their ability to attach was evaluated.

5. The importance of the eggs as a source of the disease has already been
established. However, there is limited information on the localisation of F.
psychrophilum in/on the eggs. This is important, since disinfection procedures
can only be effective if the bacterium remains on the surface of the eggs.
Therefore, the effect of successful colonisation of rainbow trout eggs by F.
psychrophilum on the development of the eggs was examined by
experimentally infecting unfertilised rainbow trout eggs with F. psychrophilum
using a bath challenge. Bacterium was identified on/in the eggs using electron

microscopy and immunofluorescent antibody technique (IFAT).
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CHAPTER 2

DETECTION OF F. PSYCHROPHILUM USING POLYMERASE CHAIN
REACTION: A FARM SURVEY

2.1 INTRODUCTION

Little is known of the distribution of F. psychrophilum in the environment,
especially in the water systems of fish farms. F. psychrophilum is a rather
fastidious species, often difficult to isolate on agar. In addition, no antibody-based
techniques are available that recognise all F. psychrophilum strains. Successful
control of the disease depends on good management for which reliable methods
of detection are needed to assess the presence and level of the pathogen within
the fish farm environment. These are necessary to provide information on the
distribution of the pathogen before, during and after an outbreak of RTFS.
Polymerase Chain Reaction (PCR) is a very sensitive technique, which can
detect small amounts of DNA or RNA by amplifying specific sequences more than
a million fold. Exact replicas of the target sequence are rapidly produced in large
numbers making them available for further analysis. Well-designed sets of primers
can lead to a very sensitive and specific method, enabling the rapid detection of
various pathogens in different samples. This technique overcomes the sensitivity
constraints of other detection methods, such as antibody-based techniques or
culture. The potential of using PCR as a tool for monitoring F. psychrophilum in

water, eggs and fish tissues, was examined in this study. The primers developed
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by Toyama et al., (1994) were used for the assay. However, a different extraction
method to the one used by Toyama et al., was employed. For the PCR reaction
Ready To Go PCR beads (Amersham Pharmacia Biotech Inc) were used. Once
the assay was validated in terms of sensitivity and specificity, a survey on two
farms with endemic RTFS was conducted in order to collect information on the

persistence of the pathogen in the different areas of the farms.
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2.2 MATERIALS AND METHODS
2.2.1 Bacterial cultures

F. psychrophilum isolate B97026 was used to establish the sensitivity of the PCR,
while a range of F. psychrophilum isolates obtained from a variety of geographical
regions (Table 2.1, page 25) was used to examine its specificity. A selection of
other bacterial strains was also included in the analysis. Three-day old cultures of
different F. psychriphilum strains were cultured at 15° C on modified Cytophaga
Broth (Bernardet and Kerouault 1989, 1959), while all the other species were
cultured in TSB (Tryptone Soya Broth), with the exception of Vibrio salmonicida,
for which TSB was supplemented with 2% NaCl. The bacteria were collected by
centrifugation (3000 g for 15 min) and re-suspended in 0.02 M phosphate buffered
saline (PBS, pH 7.2). The total number of the bacterial cells in each suspension
was estimated using the acridine orange direct counting method (AODCM)
described by Hobbie et al., (1977) (Appendix 1). The bacterial suspensions were
counted using a Leitz Orthoplan fluorescence microscope, fitted with a 200W ultra
high pressure mercury lamp, using the following set of filters: diffusing disc N,
exciting filters BG38 and BG12 and suppression filter K430.

In order to establish the sensitivity threshold of the PCR, serial dilutions of
bacterial suspensions were prepared with PBS (using AODCM), ranging from 108
bacteria mI™" to 1 bacteria mlI”. To establish the specificity of the PCR, bacterial
suspensions of each of the strains listed in Table 2.1 were prepared and the

concentration of each suspension adjusted to 10°-10° bacteria mi” (using

AODCM).
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The presence of various inhibitors in the different samples (eggs, spleen
and milt) was also examined. For spleen samples, homogenates were prepared
and mixed with F. psychrophilum as described below. Three-day old cultures of F.
psychrophilum, isolate B97026, in Cytophaga broth were used in this study. After
centrifugation (3000 g for 15 min) the bacteria were re-suspended in PBS and
serial dilution prepared using PBS (10° to 10 bacteria ml™). Three 1 ml aliquots
from each dilution were placed into nine 1.5 ml tubes (three groups, each group
containing three serial dilutions). Spleen tissue (400 mg) was homogenised using
4 ml of reagent A. Aliquots of the homogenate (500 nul) were added to the tubes of
the two of the above groups and the tubes were then centrifuged (3000 g for 15
min). In one group of the two groups, the resulting pellets (bacteria+spleen) were
washed as described above, while in the other group, the remaining pellets were
not washed but re-suspended in reagent B, as will be described below.

For the egg and milt samples, 107 bacteria (determined by AODCM)
collected as above were placed into four 1.5 ml tubes. Milt (100 pl) was added to
two tubes, while in the third 500 ul of egg homogenate was added. The tube
containing only bacteria was used as positive control. After briefly mixing, the
tubes were centrifuged. DNA was extracted as described below (basic method).
For milt samples, an additional washing step, as described for spleen samples,

was also used.

2.2.2 DNA Extraction

Extraction of DNA from the various samples was performed using a DNA

Extraction Kit (BACC2, Nucleon) with the omission of RNAase treatment.
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Modifications in the extraction procedure depended on the type of sample

extracted and these are outlined below.

Bacterial suspensions (basic method)

Bacterial suspension (1 ml) was added to 1.5 ml sterile tubes and centrifuged at
3000 g for 15 min. The supernatants were discarded and 500 ul of reagent B was
then added to the pellets and the samples were incubated at 37° C for 30 min
before adding 150 ul of 5 M sodium perchlorate. The samples were mixed by
inverting the tubes several times before adding 500 ul of chloroform. The tubes
were mixed again before 150 yl of Nucleon resin was added to the tubes. The
samples were mixed and centrifuged at 350 g for 1 min and the supernatants
(650-680 pl) transferred to new 2 ml tubes. A double volume of cold (-20° C)
absolute ethanol was then added and the samples were left at —20° C for at least
30 min to allow DNA to precipitate. The samples were centrifuged for 5 min at
5000 g and the pellets finally washed with 1 ml of cold 70% v/v ethanol. The
samples were centrifuged again at 5000 g for 5 min and the pellets were left to air

dry for 10 min. Finally, each pellet was re-suspended in 100 pl of sterile nano-pure

water.

Water samples

Water samples (200 ml or 50 ml) were concentrated to 10 to 20 ul by successive
centrifugations at 3000 g for 15 min, prior to extraction. To this, 500 pl of reagent B

was added and the method described in the previous section followed.
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Spleen samples

Whole spleens were aseptically removed from fry and homogenised in 2 ml of
reagent A. Samples were centrifuged at 3000 g for 15 min and pellets washed
with 1.5 ml Tris- ethylenediaminetetraacetic acid (EDTA) (10 mM Tris, 1 mM
EDTA, pH 8) to remove endogenous inhibitors, before extraction of DNA from the

resulting pellets according to the basic method.

Egg samples

Between 10 and 15 unfertilised eggs were collected directly from the fish during
stripping (in every case the first few eggs were discarded to prevent contamination
from water). The same number of disinfected eyed eggs was also collected. The
eggs were homogenised in a sterile 1.5 ml tube with a sterile plastic pestle. The
aqueous part of the sample was then collected and centrifuged at 3000 g for 15
min. Resulting pellets were extracted using the method outlined in the basic

method.

2.23 PCR

For the PCR, Ready To Go PCR beads (Amersham Pharmacia Biotech Inc) were
used and the reaction was performed according to the parameters described by
lzumi and Wakabayashi (1997): preheating cycle at 94° C followed by 35
amplification cycles of 94° C for 30 sec, 51° C for 90 sec and 72° C for 120 sec
and a final cycle of 72° C for 5 min. Both a nested PCR and a one-round PCR,
(using the second set of primers PSY1 & PSY2), were evaluated in this study

using the same amplification parameters.

21



CHAPTER 2 DETECTION OF F. PSYCHROPHILUM USING POLYMERASE CHAIN REACTION: A FARM SURVEY

When one round PCR was used, 2.5 pl of the extracted DNA samples was
added to 22.5 pl of reaction mixture containing the PSY1/PSY2 primers. When a
nested PCR was performed, after an initial amplification of the extracted DNA (2.5
ul) using the 20F/1500R primers, 2.5 pl of the PCR products from the first round
was added to a fresh tube containing 22.5 ul of reaction mixture containing

PSY1/PSY2 primers.

2.2.4 Farm surveys

Two farms with endemic problems of RTFS, located in South England, were
selected as models to evaluate PCR as a tool for monitoring the presence of F.
psychrophilum within fish farming systems. The layout of the first farm (Farm 1) is
shown in Figure 2.1. Although the second farm (Farm 2), had a similar layout,
there were also differences between the two sites. The stream that provided Farm
1 with water was underground water and the source was just before the farm. An
artificial channel was used to bring water to the farm. It should be noted that no
wild fish lived in the stream. Farm 2 on the other hand had a bore-hole as source
of water and a trough was used to distribute the water to the farm. In case of rain
due to outflows, the bore-hole was contaminated with water from the farm. Farm 1
had one pipe as outlet, that carried the water from the sediment tank off the farm,
while Farm 2 had many different small outlets.

It can be seen from Figure 2.1 that the hatchery and the fry tanks (fish
weight 0.5-5 g) in Farm 1, received water straight from the stream. The brood
stock received water from the fry tanks, because of a problem with the water flow.

The broodstock (approximately 2100 fish) were not treated with antibiotics,
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however, fry tanks that showed signs of the disease were treated with Vetremox
(100% amoxycillin) and Aquaflor (50% florfenicol). For the disinfection of the
equipment, Limox (5% H,O, & peroxyacetic acid) was used (4 ml I”! =400 ppm
H20, for 20 min) and for the eyed eggs, Vetroxyl (H202) was used (2% Vetroxyl
v/v, 10 min immersion). Prior to the disinfection of the equipment, everything was
washed thoroughly with water and the tanks were cleaned using a big brush, to
remove the organic matter that adhered to the walls.

The first samples were collected from Farm 1 in early March 1999 and an
extensive survey on this farm site then followed and samples were taken from ali
the parts of the site. The dates of collecting the various samples (eggs, water, and
spleens) and the results of the PCR from Farm 1 are summarised in Table 2.2
(page 28).

Routinely, 50 ml of water was collected for analysis. However, when the
extensive survey from the farm was performed, 200 ml of water was sampled from
each sampling site (Figure 2.1).

Samples from Farm 2 were collected over a period of one month (mid May
until mid June 2000). In the case of this farm, water samples (200 ml) from
different parts of the farm as well as fry that showed signs of the disease were

collected and analysed (Table 2.3, page 29).

23




















































































































































































































































































































































































































































































