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INTRODUCTION

Bacterial kidney disease (BKD) is a systemic,
chronic, bacterial infection of salmonids in fresh and
salt-water stages of their life cycle, and has been
reported where salmonids are cultured or occur natu-
rally, with the exception of Ireland, Australia, New
Zealand and the former Soviet Union. The causative
agent Renibacterium salmoninarum is a small, Gram-
positive, non-motile rod that is fastidious in its nutrient
requirements (Austin et al. 1983). The bacterium is
responsible annually for mortality in all age groups
due to direct losses, and similarly from poor growth
rates in chronically infected fish. Effective disease con-
trol continues to be problematic as antibiotics provide
only temporary suppression of bacterial growth
(Brown et al. 1990). The bacterium also occurs in
reproductive fluids and remains viable intracellularly
within host cells, sites that are difficult to target with
conventional treatments. Furthermore, the bacterium
can be transmitted horizontally from fish to fish and
vertically within the egg (Evelyn et al. 1984, 1986,
Bruno & Munro 1986b). Variable protection using a

live vaccine has been achieved (Griffiths et al. 1998,
Piganelli et al. 1999, Daly et al. 2001). The bacterium
can survive in freshwater and saltwater for a limited
time, possibly within sediments and/or faecal matter.
In addition, the presence of R. salmoninarum within
tissue adhesions, attributed to adjuvant-reactions, may
not be detected by light microscopy (Bruno & Brown
1999).

Clinical signs of BKD included lethargy and darken-
ing of the fish, exophthalmia, petechial haemorrhage,
bloody ascites and enlargement of the kidney and
spleen. White-grey granulomatous lesions are seen in
the internal organs, generally in the kidney, and a
creamy-coloured membrane may encapsulate the
spleen, kidney, heart and other organs (Bruno 1986a).

Few long-term studies are published on epidemio-
logical studies involving BKD outbreaks among
farmed fish. The current work examines the occur-
rence and prevalence of BKD in Scottish stock
between 1990 and 2002 and the current status of this
disease within the Scottish fish farming. Conclusions
are made on prevalence changes within the industry
and the potential for continued control of BKD.
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MATERIALS AND METHODS

Gross pathology and a combination of enzyme-
linked immunosorbent assay (ELISA), culture and light
microscopy were used to confirm BKD and the
causative bacterium Renibacterium salmoninarum
from wild and farmed fish. In most cases, each fish
would be tested by all methods; however, in some
cases not all tests were applied, for example, ELISA
testing was not introduced until 1994.

Light microscopy. Spleen, kidney, heart, liver, py-
loric caeca and gills from moribund fish were fixed in
buffered formal saline and tissue sections stained by
haematoxylin and eosin (H&E), Gram and Lillies al-
lochrome, and examined by light microscopy. BKD was
confirmed on the basis of typical lesions and the pres-
ence of small Gram-positive diplobacilli, and consid-
ered suspect when BKD-like lesions were recorded but
without detection of the bacteria. H&E staining was
used to describe tissue pathology only, as this tech-
nique does not stain Renibacterium salmoninarum.

ELISA. ELISA testing for BKD is used as a diagnostic
tool for the Fisheries Research Services (FRS) to quan-
tify the level of soluble antigen (p57) in kidney tissue.
Sample dilution buffer (0.5 ml) was added to 5 g fish
kidney tissue and macerated in a stomacher bag and
processed according to manufacturer’s instructions
(DiagXotics). Positive ELISA results were based on
kidney homogenates containing more than 10 ng ml–1

of the p57 antigen. ELISA results with values of 6.0 to
9.9 ng ml–1, when no other tests were available, consti-
tuted suspicion of the presence of BKD. Values below
5.9 were reported as negative.

Culture. Kidney tissue was streaked onto Mueller-
Hinton medium containing 0.1% L-cysteine hydrochlo-
ride, 0.00125% D-cycloserine, 0.0025% polymyxin B
sulphate and 0.00025% oxolinic acid (MH) and was
used to provide culture evidence of Renibacterium
salmoninarum. Plates were incubated for 8 to 12 wk at
15°C before discarding as negative. Positive growth on
MH medium was evident as small, creamy-coloured,
sticky colonies. API-ZYM profiles were conducted
where necessary (bioMerieux). All R. salmoninarum
isolates were coded, freeze-dried and incorporated
into the FRS reference collection.

Fish-farm sampling. The level and intensity of offi-
cial surveillance over the time period of this study has
changed, and has to be taken into account when deter-
mining trends in incidence or prevalence of BKD in
this industry. For example, between 1990 and 1995 a
targeted surveillance programme for BKD was carried
out, where each farm was visited once a year and a 30-
fish sample was tested for all List III diseases, including
BKD. Since 1995, however, there has been no routine
sampling programme for BKD on Scottish fish farms

but all farms are inspected annually. Fish showing
clinical signs of disease or abnormal mortality were
sampled for this 12 yr survey.

A surveillance programme of wild salmon popula-
tions throughout Scotland was carried out to check for
the presence of BKD in the same manner as farmed
fish. In each year, 30 fish were sampled from 11 loca-
tions. The test locations varied such that all the major
catchment areas were sampled over a 5 yr period. Prior
to 1999, only 5 areas were sampled each year. Addi-
tional sampling for BKD included wild fish sent to this
laboratory for disease diagnosis.

The number of designated area orders (DAOs) in place
represents a measure of farms that have confirmed BKD,
or that have a significant epidemiological connection
with an infected farm (e.g. as a consequence of an unau-
thorised movement of fish from an infected farm). For the
purpose of this study, the number of farms under re-
striction with a DAO are used as an additional measure
of BKD in the industry for each year. The number of ac-
tive DAOs, including those new and withdrawn follow-
ing a series of negative tests, are included. Atlantic
salmon Salmo salar and rainbow trout Oncorhynchus
mykiss data are analysed separately.

Positive results obtained by more than 1 method (i.e.
ELISA, culture and biochemical testing or light
microscopy) in any particular case were counted as a
single result for the purpose of this study. Prevalence
was calculated from the positive BKD cases in fresh- or
saltwater relative to the total number of salmon or trout
farms examined. Repeat positive test results from indi-
vidual sites in any year were only recorded once.

RESULTS

The presence of Renibacterium salmoninarum, tis-
sue pathology or presence of bacterial antigen was
confirmed using a combination of light microscopy,
ELISA, isolation of the bacterium on MH medium and
biochemical properties. Gross signs represented pre-
sumptive diagnosis. There was a good correlation
between the test methods using material from trout
and salmon in freshwater and seawater. The biochem-
ical profiles and tissue pathology for R. salmoninarum
were consistent with published literature, and refer-
ence material held by FRS (Fryer & Sanders 1981,
Bruno & Munro 1986a).

Atlantic salmon

Using the criteria outlined for the isolation of Reni-
bacterium salmoninarum or soluble antigen, 26 cases
of BKD were recorded in Atlantic salmon Salmo salar
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in seawater from 1990 to 2002 (Table 1).
The incidence of new cases in seawater
declined between 1990 and 1993, with a
cluster of new cases particularly in 1998
(Fig. 1). During 1994 and 1995, 1997 and
2001, no new cases of BKD were identi-
fied. A diagnosis of BKD was made by
light microscopy in a freshwater farm in
1992 and 2002, with a prevalence of
0.98 and 1.04, respectively (Fig. 2).
Prevalence data for salmon in seawater
are shown in Fig. 3 and show a down-
ward trend from 1.22% in 1991 to
0.39% in 2002. The number of DAOs
placed for BKD in Scotland between
1990 and 2002 is presented in Fig. 4.
Since 1990 the number of active DAOs
for outbreaks in salmon has fallen, and
figures show that there have been less
than 8 in force since 1992. The revoca-
tions for salmon have ranged between 2
and 3 between 1992 and 2001, and 7 for
2002.

Rainbow trout

Between 1990 and 2002, 41 new
cases of BKD were confirmed in farmed
rainbow trout Oncorhynchus mykiss in
Scotland using the methods identified
above. The majority of outbreaks
occurred in freshwater stock (Table 1).
BKD in rainbow trout in seawater
occurred sporadically; 1 case was re-
corded in 1993 and was confirmed by
light microscopy; 2 to 8 new cases were
recorded between 1998 and 2001
(Fig. 5). The data on outbreaks in fresh-
water are characterised by a cluster of
new cases in 1993 to 1996 and 1998 to
2000 (Fig. 6). Testing indicated that
some freshwater sites have seasonal
outbreaks of BKD, in some cases
exceeding 10 successive years. In con-
trast to salmon, the number of DAOs in
force has remained relatively constant
over the period of study, varying
between 8 and 11 sites per year
(Fig. 4). Furthermore, the number of
new sites subject to a DAO has been
very low, and has never exceeded more
than 1 farm in any year. Likewise, the
incidence of revocations of DAO is also
low.
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Table 1. Salmo salar and Oncorhynchus mykiss. Prevalence and testing for bac-
terial kidney disease by ELISA, culture and light microscopy between 1990 and

2002. NT: not tested

Year ELISA Culture Light Total Prevalence
microscopy

Atlantic salmon
Seawater
1990 NT 0 6 6 0.66
1991 NT 0 5 5 1.22
1992 NT 2 2 2 1.06
1993 NT 0 1 1 0.11
1994 0 0 0 0 0.00
1995 0 0 0 0 0.00
1996 1 2 2 2 0.72
1997 0 0 0 0 0.00
1998 1 5 6 6 0.35
1999 1 0 1 1 0.09
2000 1 0 1 2 0.37
2001 0 0 0 0 0.00
2002 1 1 0 1 0.39

Freshwater
1990 NT 0 0 0 0.00
1991 NT 0 0 0 0.00
1992 NT 0 1 1 1.04
1993 NT 0 0 0 0.00
1994 0 0 0 0 0.00
1995 0 0 0 0 0.00
1996 0 0 0 0 0.00
1997 0 0 0 0 0.00
1998 0 0 0 0 0.00
1999 0 0 0 0 0.00
2000 0 0 0 0 0.00
2001 0 0 0 0 0.00
2002 0 0 0 0 0.00
2002 0 1 0 0 0.98

Rainbow trout
Seawater
1990 NT 0 0 0 0.00
1991 NT 0 0 0 0.00
1992 NT 0 0 0 0.00
1993 NT 1 0 1 33.30
1994 0 0 0 0 0.00
1995 0 0 0 0 0.00
1996 0 0 0 0 0.00
1997 0 0 0 0 0.00
1998 3 1 0 3 10.00
1999 8 5 8 8 10.53
2000 2 1 0 2 18.20
2001 0 0 0 0 0.00
2002 0 0 0 0 0.00

Freshwater
1990 NT 0 0 0 0.00
1991 NT 0 0 0 0.00
1992 NT 0 1 1 2.00
1993 NT 4 3 4 6.63
1994 2 2 0 2 1.26
1995 2 4 1 4 5.00
1996 0 0 0 0 0.00
1997 0 0 0 0 0.00
1998 6 2 0 6 6.45
1999 7 5 3 7 7.61
2000 3 2 0 3 8.11
2001 0 0 0 0 0.00
2002 0 1 0 0 0.98
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Fig. 1. Salmo salar. Diagnosis of bacterial kidney disease
(BKD) in Atlantic salmon reared in seawater

Fig. 2. Salmo salar. Diagnosis of bacterial kidney disease
(BKD) in Atlantic salmon reared in freshwater

Fig. 3. Salmo salar. Prevalence of bacterial kidney disease
(BKD) among Atlantic salmon in seawater

Fig. 4. Salmo salar and Oncorhynchus mykiss. Designated
area orders (DAOs) and revocations inforce for bacterial

kidney disease (BKD)

Fig. 5. Oncorhynchus mykiss. Diagnosis of bacterial kidney
disease (BKD) in rainbow trout reared in seawater

Fig. 6. Oncorhynchus mykiss. Diagnosis of bacterial kidney
disease (BKD) in rainbow trout reared in freshwater
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Wild fish sampling 1990 to 2002

Despite regular surveillance since 1994, BKD has not
been recorded in wild salmonids from Scotland and,
furthermore, to our knowledge the last recorded case
in wild fish occurred in the 1960s (Smith 1964).

DISCUSSION

BKD is a serious infectious disease for salmonids and
effective control of infection is currently difficult to
achieve (Elliott et al. 1989, Brown et al. 1990). Cur-
rently, disease surveillance and monitoring is focused
on the detection of BKD as well as other notifiable fish
diseases. Within FRS, testing for BKD involves several
methods: culture on Mueller-Hinton medium, light
microscopy and ELISA. The last-named technique was
introduced to evaluate suspect BKD outbreaks quickly,
instead of waiting extended periods for isolation of the
bacterium by culture. In some cases not all tests were
applied to each fish in each year, but in general there
was agreement between test methods. A low level of
infection or recovering fish during the summer months
may not show bacteria within the tissue lesions and,
hence, would be reported as a presumptive result. In
these cases, confirmation would depend upon ELISA
and/or culture.

Overall, data show a low prevalence of BKD in Scot-
land, with a sporadic occurrence since 1990 in salmon
Salmo salar and rainbow trout Oncorhynchus mykiss.
The prevalence of positive cases of BKD has remained
low, with values of <1.22 for salmon and <8.1 for trout
in freshwater. An earlier survey for BKD in farmed fish
in Scotland covered the period 1976 to 1985 (Bruno
1986b), and this resulted in the detection of the first
outbreak of BKD in Scotland in a rainbow trout hatch-
ery. Consequently, BKD became a notifiable disease to
the official service in 1978. During the 9 yr of that sur-
vey, BKD outbreaks occurred at 19 farms rearing rain-
bow trout and 5 farms rearing Atlantic salmon. The
pattern of outbreaks appeared to be similar to that
reported here for 1990 to 2002. For example, no new
outbreaks of BKD were recorded in trout in freshwater
in 1977 or 1978, but thereafter, up to 1982, 1 or 2 new
farms per year became infected. In 1980, BKD was
recorded in farmed salmon in potential S2 parr, and a
year later this laboratory reported BKD in 1 sea winter
salmon. In 1983, 7 new outbreaks of BKD were con-
firmed, followed by 3 cases in 1985, including BKD-
associated mortality in rainbow trout reared in sea-
water. In the current study, BKD records for Scotland
indicate an overall decline in prevalence since 1991 in
fresh- and saltwater. The examination of the incidence
of new cases shows a declining incidence between

1990 and 1993, and a cluster of cases between 1998
and 2000. This pattern of new cases is broadly
reflected in changes in prevalence over time. BKD in
rainbow trout in seawater is uncommon, and a reflec-
tion of industry practices with only 5 to 7 active marine
rainbow trout farms in any year.

In the context of both farm and wild fisheries, BKD
has a limited distribution within Scotland. However,
outbreaks can pose a significant economic loss to cage-
cultured stock, and there is the potential for infection
to impact wild populations. Evidence for the latter is,
however, lacking, as surveys in Scotland fail to show
evidence of BKD in wild fish. Historically, the first
records of BKD occurred as ‘Dee disease’ in the 1930s
in wild Atlantic salmon Salmo salar, including the
River Dee in Aberdeenshire, Scotland (Smith 1964).
Elsewhere, including Canada, USA, and Iceland, there
are sporadic reports of infection by Renibacterium
salmoninarum in wild fish (Pippy 1969, Mitchum et al.
1979, Banner et al. 1986, Jónsdóttir et al. 1998). Preva-
lence and severity of BKD in chinook salmon Onco-
rhynchus tshawytscha was examined by Maule et al.
(1996) in western USA during release and seaward
migration. They reported a decline in BKD from 6 out
of 8 hatcheries over 5 yr, in this case attributed to
changes in hatchery practices. A monthly survey of
wild Arctic charr Salvelinus alpinus covering 3 yr in
Iceland reported frequent but low levels of R. salmoni-
narum antigen, and suggested the bacterium has been
endemic for a long period, and influenced by favour-
able ecological features of the lake system, in particu-
lar food conditions that result in decreased susceptibil-
ity to the bacterium (Jónsdóttir et al. 1998). In Norway,
the significance of BKD is virtually negligible in
farmed fish in freshwater or saltwater (T. T. Poppe,
Norwegian School of Veterinary Science, Norway,
pers. comm.). However, in countries rearing the more
susceptible Pacific salmon Oncorhynchus spp., the sit-
uation is different. For example, in the United States
the highest morbidity and mortality occur during
hatchery rearing of Pacific salmon and this is a partic-
ular problem in chinook salmon O. tshawytscha. Con-
sequently, many companies now rear Atlantic salmon
Salmo salar in seawater net pens (D. G. Elliott, Western
Fish Research Center, USA, pers. comm.).

Under current legislation, countries are allowed to
implement measures to control BKD and other infec-
tious diseases among farmed salmonids and to prevent
movements of fish to other farms. In Scotland, this
approach has been successful, as shown in the health
status and the comparatively low number of BKD out-
breaks recorded over the last 12 yr (either in terms of
the number of sites with DAOs or the number of posi-
tive cases). Therefore, legislation and continued con-
trol of BKD is considered a priority within the current
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legislative framework. A decline in the number of
DAOs placed may also be reflected in a change in the
prevalence of BKD. Overall, it appears that the inci-
dence of revocations has exceeded the incidence of
new orders. Likewise, the incidence of revocations of
DAOs is also low. The number of DAOs in force for
rainbow trout has remained relatively constant over
the period of study. The number of new sites subject to
a DAO has been low, and has never exceeded more
than 1 farm in any year. It is concluded from these
observations that the DAOs in force are maintained by
a small number of farms that are unable to eliminate
the disease. There is no evidence to suggest that
changes in surveillance effort were associated with a
move from routine testing to active surveillance after
1995, as there were only 2 outbreaks of BKD diagnosed
in 1996 in salmon, and none in trout. Some farms, par-
ticularly those rearing rainbow trout in freshwater,
have long-term DAOs in operation. For example, 9 sites
have had official orders in place since 1992. Recurring
outbreaks of sub-clinical BKD may not be recorded
each year as some site visits occur outside the periods
when clinical disease is likely. DAOs may also extend
over more than 1 yr, especially in the absence of fal-
lowing and when there are overlapping generations of
fish on a farm. This is particularly so for the trout indus-
try compared to the salmon industry since the latter, by
and large, practices a fallowing strategy in seawater
and an all-in, all-out regime in freshwater.

The low number of sporadic and confirmed cases of
BKD in salmon stocks are considered to be related to
the legislation in place and the increasing practice of
regular fallowing, particularly of marine sites. Fallow-
ing helps to break disease cycles, eliminating infection
and the potential for outbreaks in subsequent genera-
tions. This aspect is considered important as this bac-
terium is vertically transmitted (Bruno & Munro 1986b,
Evelyn et al. 1986). Within the trout industry, however,
there are clear indications that infection can remain on
freshwater sites over several years, where either there
is an overlap of generations with seasonal outbreaks or
where fallowing is not generally practised.
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