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Introduction 
Over the last 15 years Clostridium ditlicile 
has risen from relative obscurity to be one of 
the most importan t hospital pa thogens of 
the 19905. Dala from Sir Charles Gairdner 
Hospilal (SCGH). in Perlh. WeSlern Auslralia. 
is typical of many, but nol all, similar hospitals 
in developed countries. 1 SCGH is a 690-
bed adul t university teaching hospital. 
During Ihe period 198310 1992, C. difficile 
was detected in 917 patients who were 
being investigated for diarrhoeal illness. 
Most of these patien ts were elderly, wi th 
63% aged 60 years or more, and 59% were 
female. The number of patients infected 
each year ranged from a low of 49 patients 
in 198310 a high of 120 pa1ients in 1990. 
When rates were calculated, using occupied 
bed days as the denominator. a similar 
trend was observed with the incidence in
creasing from 23/100.000 occupied bed 
days in 1983 to 56/100,000 occupied bed 
days in 1990. 

As with many pathogens that have emerg
ed or re-emerged in the last two decades 
there are, after careful consideration, logical 
explanations lor these apparent changes. 
Two factors may be particularly important in 
the rapid rise in Infection with C. diffieile. 
First, increased and inappropriate use 01 
certain broad-spectrum antibiotics may be 
predisposing more patients to infection with 
C. diffieife. Second , contamination of the 
hospital environment with C. diffie/Ie repre
sents a significant problem. This paper will 
address these two aspects in some detai l 
and then examine the implications for health
care systems of the increasing incidence of 
C. diffielle-associated diarrhoea (CDAD). 

Furthermore, general information about 
C. difficile may be found in an excellent 
review,2 while other reviews deal with labor
atory dlagnosis3.t. and epidemiology5 of 
infection. 

Agents capable of inciting C. difficile
associated diarrhoea 
The ability of antimicrobial agents to Induce 
diarrhoea was recognised long before 
C. difficile was implicated as a causative 
agent. Colitis was a common complication 
of ampicillin therapy, while clindamycln
associated colitis reached epidemic pro
portions in some parts of the USA in the 
ear ly 1970s and was, in part, responsible for 
the research interest which eventually identi
fied C. difficileas a causative agent.s 

The list 01 antimicrobial agents which 
have been shown 10 ind uce CDAD is end
less though few studies have systematically 
assessed the risks of CDAD associated 
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Table 1: Antibiotics known to be associated 
withCDAD. 

Often Sometimes Rarely 

Clindamydn Telracyclines Quinolones 

Cephalosporins Macrolides Aminoglycosides 

Amoxycillin Penicillin Vancomycin 

Ampicillin Sulphonamides Metronidazole 

Trimelhoprim 

Imipenem 

with exposure to a particular antimicrobial 
agent. In addition, much of the data pertain
ing to antimicrobial agents are old and do 
not take into account many newer agents. 
particularly third-generation cephalosporins 
(see below). Paradoxically, bOlh vancomycin 
and metronidazole. agents which have 
been used successfully to treat CDAD, are 
also capable of inducing CoAD. Table 1 
shows the spectrum of ant imicrobial agents 
known to be related to the development of 
COAD. 

Several recent papers have indicated 
that exposure to clindamycin is still a signi
fican! risk factor predisposing 10 C. diffieiJe 
infectionJ However, in terms of actual us
age, third-generation or extended-spectrum 
cephalosporins are probably of greater 
importance. The increase in incidence of 
CDAD al SCGH belween 1983 and 1990 
correlated with an increase in the use of 
third-generation cephalosporins (Pearson's 
correlation coefficient. 0.90).1 Aronsson et 
a/8 investigated the relative risk of CDAD for 
different groups of antibiotics and found 
that cephalosporins were 40 times more 
likely to be implicated than ureidopenicillins. 
wh ile Zimmerman,9 using a case-control 
methodology. determined an odds ratio for 
third-generation cephalosporins of 3.00 (p 
= 0.04), after controlling for horizontal trans
mission by matching on location. Third
generation cephalosporins are known to 
have a greater impact on colonisation resist
ance than many other antimicrobial agents. 

In an apparently unique study, Yarinsky 
and Wheeler lO reviewed the appropriate
ness of prior antibiotic use and the develop
menl of CDAD. They found Ihal only 25% of 
antibiotic administration in hospitalised 
patients was appropriate with positive culture 
results and organisms susceptible to the 
antibiotic(s). Another 25% of cases had 
positive cultures but the organisms were 

not susceptible to the antibiotic used while, 
in 50% of cases of CDAD, empiric antibiotic 
therapy in the absence of positive cultures 
led 10 Ihe developmenl of CDAD. While Ihe 
costs to the healthcare system of CDAD are 
dIscussed more fully below. it may be worth
while 10 highlighl Ihe cost of many of Ihe 
antimicrobial agents known to be res pons· 
ible for inciting CDAD. Apart from vanco
mycin. third-generation cephalosporins are 
among the most expensive antibiotics 
available today. 

All the above studies have concen trated 
on antibiotics inciting CDAD in a hospital 
setting. Recen tly. Hirschhorn et alII exam
Ined CoAD In the community setting and 
calculated antibiotic-specific attack rates. 
These varied from 0 to 2040 cases per 
100,000 exposures and were significantly 
higher for nitrofurantoin, cefuroxime, ceph
alexin plus dicloxacillin, ampicillin/clavulan
ate plus cefaclor and ampicilHn/clavulanate 
plus cefuroxime, Ihan for ampicillin or 
amoxicillin alone. 

Antibiotics are not the only agents cap
able of inciting CDAD. The role of anti
neoplastic agents in C. difficile in fection 
was recently reviewed by Anand and GlaU.12 
They reported on all 23 cases of CDAD 
associated with antineoplastic therapy pub
lished in the literature. A variety of agents 
'18S been implicated. most commonly 
methotrexate. Laboratory evidence is avail
able to support the case for these agents 

• inCiting COAD, however, the mechanism of 
pathogenesis is less clear. Chemothera
peutic agents can alter the gut flora in a 
manner analogous to many antibiotics and 
this is probably the most important predis
posing factor. The biggest problem in trying 
10 ascer tain the importance of ant ineo
plastic agents in CDAD is that many 
patients who develop COAD have been 
exposed to both antibiotics and antineo
plastic agents. 

Finally. it is worthwhile mentioning that 
any compound. process or illness which 
affects the gastrointestinal flora, either 
qualitatively or quantitatively, may reduce 
'colonisation-resistance' and thus predis
pose individuals 10 infeclion wilh C. difficile. 
At one stage it was thought that C. difficile 
may be responsible for inflammatory bowel 
disease and Crohn's disease when C. 
difficilecould be isolated during exacerba
tions of these diseases. However. it is now 
apparent that the disease process itself 
alters the gut flora sufficiently (0 allow 
colonisation (at the very least)with C. difficile. 
In the same way, mechanical bowel pre
parations predispose patients who are 
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having gastrointestinal surgery. Also gastro
intestinal infections caused by other 
bacteria. viruses or protozoa may al ter the 
gut flora sufficiently to allow C. difticile to 
establish. 

All the above, however. predicates on 
the requ irement of exposure to viable cells 
of C, difficife. There is still g~eat debate on 
what is the true reservoir of C. difficile and 
the importance of the various sources 
identified. 

Reservoirs and sources of C. difficile 
Many sources of C. diffieile have been 
recognised. Whether the usual reservoir 01 
C. diffieile in fecting humans is endogenous 
or exogenous. or if both are of epidemio
log ical signif icance. has been debated for 
several years. As our knowledge increases, 
however, il seems less likely that carriage of 
C. difficile by healthy adults. reported as 
zero to 3%. is an important factor. In vitro 
experiments 13 support the theory that e. 
difficile cannot survive in a hea lthy adult 
gastroin testinal tract; however. during in
fections the diseased gut disperses many 
organisms into ttle surrounding environment. 
The Infected tluman gastrointestinal tract is 
probably the most important reservoir of 
infection. 

Gastrointestinal carriage of C. difficile in 
humans is influenced by a number of factors 
including age. exposure to ant ibiotics and 
the environment to Wllich the subject is 
exposed. As a consequence. reports on 
gastrointestinal carriage of C. difficile vary 
from country \0 coun try. hospital to Ilospi tal 
and. in some cases, ward to ward 

Between 15 and 70% of neonates and 
30 to 65% of infants less than one year old 
are colonised with C. diffieile. both toxigenic 
and non-toxigenic, without any apparent ill
effec t. 14 The variation in levels of colon isa
tion reflec ts environment contamination in 
nurseries. while colonisation occurs to the 
extent it does in some neonates and infants 
because of the lack of protec tive flora. The 
reasons why the vast majority of neonates 
and in fants remain well are sti ll being de
bated but may relate to either an absence 
of toxin receptors in the immature gastro
in testinal trac t or a protective effect of larger 
amounts of mucus. As a more adu lt gastro
in testinal flora becomes establ ished to
wards the end of the second year of li fe. the 
proport ion of infants colonised decl ines 
signi ficantly. 

Transient carriage in normal adults must 
occur frequent ly. particular ly in hospital 
patients. as C. diffieile spores will be in
gested regularly. Whether true colonisat ion 
occurs. and lor what length of lime. is 
dependent on the extent of gut perturbation. 
As mentioned above, in the presence of a 
normal gastroin testinal flora C. diffieile will 
not survive. Various in vitro experiments 
have confirmed that an abnormal gastro
intestinal flora is required before C. difficile 
can flour ish.!3 

Diarrhoeal hospital patients provide a 
rich source of C. diffieile to be spread either 
via person to person transmission (probably 
of less importance) or via the hospital 
environment. eDAD in other settings has 
not been investigafed extensively aI/hough 
it is likely to be endemic in many nursing 
homes. Several recent studies. including 
that of Hirschhorn et al. 11 have focused on 

eDAD in the communi ty or general prac
tice.15.16 

in the first of these, 15 a total of 288 stool 
samples from patients attending their 
general practitioners was examined for the 
presence of C. diffieile. C. diffieite or its 
cytotoxin was found in 16 patients (5.5%) 
and was the most common enteric pathogen 
detected. Most patients had only mi ld to 
moderate diarrhoea but in the majority of 
patients the diarrhoea was protracted. In 
a later study.16 a larger group of 580 
specimens was investigated fol lowing a 
campaign to educate general practitioners 
about eDAD. There were 75 positive samples 
( 10.7%)from61 patients and C. difficitewas 
the second most frequent enteric pa thogen 
following Campylobacterspp. These studies 
highl ight the fact that patients With com
munity-acquired CDAD may constitu te a 
significant reservo ir of infection for other 
individuals outside the hospital setting. 

There is conflic ting evidence regarding 
carriage of C. difficile in the male and 
female genital tract. Figures for females 
vary from 18- 72% in patients attending 
both antenatal and genitour inary clinics 
while. for males. an even wider range of 
0- 100% has been reported . 11\ Carriage in 
the genital trac t is likely to be influenced by 
the same factors which influence gastro
in testinal carr iage. 

Exogenous sources of e. ddfieile do not 
appear to be common. however. only a few 
studies have examined the distribution of C. 
difficile in the environment. concentrat ing 
primarily on soil. peat and marine sediments. 
Some isolates have been related either 
geographical ly or temporall y to sewerage 
out lets or patients wi th COADY We have 
examined a variety of environmental samples 
from an urban setting for C. diffieile. includ
ing river and lake wa ter. sediment. sand 
and soil. C. diffieile was not isolated from 
any site sampled (O'Nei ll . G.L. and Riley. 
TV., unpublished observations). however, 
more recent investigations. 18 using tech
niques designed to recover small numbers 
of spores, have reported signi fi cant amounts 
of C. diffieile in var ious water samples, 
including that considered potable. C. diffieile 
has also recen tl y been recovered from a 
variety of vegetables which were presum
ably contamined by soil. 18 This find ing may 
be relevant in sporadic communi ty-acquired 
cases of CDAD and requires further study, 
part icu larly as the infectious agent is likely 
to be found as a spore. 

e. difficile has been isolated infrequently 
(rom the gastrointestinal tract of animals 17 

(Tabte 2). althoug h this may be a reflect ion 
of Ihe small number of investigations. In 
addition. most studies have been on a 
Single animal and it is difficult to generalise. 

Two studies have concen trated on 
faecal carriage of e. diffieile by household 
pets. mainly cats and dogs. with the view 
that they may be an important reservoir of 
infection. Borriel lo ef a/ 19 repor ted tha t 23% 
of animals surveyed harboured C. diffieile. 
while in the study published by Riley et al20 

nearly 40% of cats and dogs attending 
veter inary clinics carried e. diffieile. There 
was an associati on between antibiotic use 
in Ihe animals and isolalion of C. difficileand 
it was suggested that. in cats and dogs at 
least. the Situation was analogous to human 
in fec tion. A significant amount of environ-

Table 2: Potential animal reservoirs of 
C. difficife.· 

Camels Seats 

Cattle Snakes 

Donkeys Deer 

Horses Hares 

Antelopes Native cats 

Kodiak bear Domestic cats 

Dogs Quokka 

Hamsters Numbat 

'Taken from Levett. " Borriello 81 ai" and Ailey 8t a/>O 

mental contamination was recorded in both 
studies and it would be difficult to conclude 
that these animals were in a normal 
environment. 

More recently. strains of C. diffieile 
isolated from humans and strains isolated 
from animals were compared by restriction 
analysis of chromosomal DNA and restric
tion fragmen t polymorphism length typing. 
There were no types common to the two 
groups suggesting. possibly. that animal 
carriage does not pose a threat to humanS.2! 
However. until more extensive studies have 
been completed this in terpretation should 
be viewed with caution. 

It is likely that the most important source 
of C. difficile is the hospital environment. 
Ear ly investigations demonstrated that C. 
ddfieile was present in a variety of envi ron
mental si tes within hospitals which con
tained patients infected with C. diffieife. 22 

The extent and importance of this environ
mental contamination has become apparent 
lollowing the recent study by McFarland 
el a/23 which clearly demonstrated an asso
ciation between extensive contamination of 
the environment and acquisition of C. diffielle 
among patients. 

The state in which e. diffieile is found in 
the environment is also likely to be of im
portance. Vegetative forms of C. difficifewill 
not survive for a long time, however, C. 
difficife spores (see Figure 1) can remain 
viable for many months, resulting in a signi
ficantly increasing number of spores over 
time. Thus most infections will resu lt from 
exposure to and ingestion of C. diffieile 

Figure 1: Electron micrographs of C. difficife: 
a) terminal spore, b) discrete spore. (Courtesy 
of Professor S.P. Borrie/fo.) 
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spores and more work is required to deter· 
mine ways of reducing the spore load in 
the environment of suscep tible patients. 
Bacterial spores are rela tively resistant to 
many commonly used disinfectants and 
few studies have speci fically examined 
inactivation of C. difficile spores by dis· 
Infectants. One such study2.1 showed that 
C. difficile spores were susceptible to 
gluteraldehyde·based disinfec tants pro
viding that a concentration of greater than 
2% was used. 

Costs associated with CDAD 
What then are the costsaltached to COAO? 
Direct medical costs are relatively easy to 
measure al though th is has been done 
Infrequently. We have recently estimated 
hospitalisation charges refated to COAD at 
SCGH with a matched retrospective cohort 
study using all SCGH discharges for the 
year 1990.25 Cases were matched wi th 
contro ls for age (± 5 years), sex, date 01 
admission (± 1 month), diagnosis-related 
group and major diagnostic category. The 
median length of stay for cases was 24.5 
days while for controls it was 6.5 days, a 
highly slgnllicant difference (p<O.OOt). The 
cos t of COAD as a result of increased length 
of hospi ta l stay (based on conservative 
estimates of tOO cases/year and bed costs 
of AS700/day). either as a rea t oropportunlfy 
cost was calculated as approximately 
AS 1.250,000 Assuming most of these cases 
were trealed with vancomycin using the 
minimum regimen of 125mg four times a 
day for 10 days. the additional cost would 
be A$20,QOO On top of thiS figure it is 
necessary to account for the 20- 50% of 
patients who wilf experience at least one 
relapse or reinfec tion. 

The other significant cost related to 
CDAD. which is rarely considered, is the 
cost of the antibiotics most commonly impli· 
caled. i.e. third-generation cephalosporins. 
These are expensive antibiotics and, at 
SCGH at leas t. up to nearly 40,000gm were 
prescribed each year unti l antibiotic policies 
were reviewed in 1993. The average cost 
per gm for the three most commonly pre-
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scribed cephalosporins is about A$15. 
What proportion of this expenditure contri
butes to CDAD cannot be gauged, how
ever, it is likely to be significant. Our study of 
exposure to ex tended spectrum cephalo
sporins and CDAD indicated that one out of 
every 20 patients given an extended spec
trum cephalosporin developed CDAD. 7 

Only one other study has looked at the 
financial implications of COA026 and al
though their resul ts were not specifically 
translated into monetary values these 
should be self·evident. Eighly·eighl patients 
above the age of 60 years with CDAD were 
matched with 176 controls on the basis of 
age. sex, admi tting diagnosis and under
lying disease. The median time of hospital
isation for cases was 50 days compared 
with 14 days for controls. Perhaps even more 
important, there was a significantly different 
mortality rate (21 % for cases compared 
wi th 7% for controls. p = 0.0009) and mor
bidity rate (14% for cases compared with 
4% for controls, p = 0.004). Clearly this is 
the most signi ficant intangible cost of 
CDAD. relallng to patient pain, suffering 
and quality of life. 

Other ca tegories of cost which need to 
be considered include the direct non-medical 
costs of accessing healthcare facilities; 
however, for COAD these are likely to be 
negligible as, in the majority of cases, 
diseasedevelops during a period of hospital
isation. Indirect costs associated with CDAD 
are likely to be simi lar to other si tuations 
which result in loss of productivity through 
work days missed, Unfortunately. few invest
igations of costs associated with infectious 
diseases take these into account: however, 
with an increased hospilal slay on average 
of at least 18 days these costs are likely to 
be significant for those patients still in the 
workforce. 

Conclusions 
In summary. diarrhoea caused by C. difficile 
is certa inly a costly problem, particularly if 
the figures presented here are represen t
ative of other hospitals in developed 
countries. Two factors, an tibiotics and en-

vironmental contamination, make C. diffici/e 
such an important pathogen In hospitals 
today. Attempts to prevent nosocomial 
transmisSion in hospitals will only ever be 
partially successful due to Ihe nature of the 
organism and environmental contamina
lion. Until hospital administrators recognise 
that In order to control CDAD they need to 
control anlibiotic policy, C. difficile will 
continue 10 be a costly problem. 
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New Oxoid High Resolution Medium for Antifungal 

4 

Susceptibility Testing 
Unipath Ltd has introduced Oxoid High Aesolution Medium to the standard range of 
culture media. 

H A Medium is a chemically-defined medium used for the susceptibility testing of 
anti fungal agents. It is the only commercially available culture medium which has been 
spec ifically developed for in vitro testing of fluconazole. 

Opportunistic funga l infections have become increasingly important in recent years 
and are a majorca use of morbidity and mortality in immunocompromised indivlduals.1 7 

The Increasing incidence and life threatening nature of these infections has resulted in 
more frequent use of systemic antifungal agents and the introduction of new agents. 

Fluconazole is among the most notable of the new agents, having highly effective, 
broad-spectrum ant ifunga l ac tivity, 
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Tel: (01256) 841144. Fax: (01256) 463388, 
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Bacterial Diseases of 
Cultivated Fish 
Trevor S Hastings, MA, PhD, Principal Scientific Officer, The Scottish Office Agriculture, Environment 
and Fisheries Department Marine Laboratory, PO Box 101 , Victoria Road, Aberdeen , UK. 

Introduct ion 
One textbook on bacterial fish pathogens 
lists 77 bacterial species associated with 
disease. 1 Some of the more Important 
bacterial diseases are listed In Table 1. 
Diseases of the salmon family will be high
lighted in this article. reflecting the au thor's 
main interests and the fact that these 
infections are of considerable economic 
importance and in terest in many parts of the 
world . 

Bacterial d iseases of !ish are most often 
considered in the context o f fish cul tivation. 
Large numbers of animals are reared in 
close proximity 10 one another and infection 
may readily be transmitted within a popu
lation . However, it should not be forgotten 
that most. if not all . bac teria l d iseasesof fish 
originale in Ihe wild and that some can have 
an important impact on wild fish stocks. 

Furunculosis 
Furunculosis, caused by Aeromonas saimon
icJda. is of great importance. The name is a 
misnomer as the necrotic swellings found 
occasionally in the musculature of chronic
all y infec ted fish (Figure 1) are quite different 
from the pus-filled boils or abscesses which 
occur in mammals. Acute cases of disease 
in juvenile fish are characterised by a rapidly
fatal sept icaemia with few chnical signs. 

A. sa/mOfllcida was first isolated in 1894 
and has been recorded th roughout Europe 
as well as in Canada. USA, Japan and 
Australia . Typ ical strains mainly affect 
salmonid fish, bu t atypical strains can 
cause d isease in many differenl fresh water 
and marine fish species. 

Serious furunculosis epizootics have 
been recorded in wild fish populations, but 
the major impact of the disease In recent 
years has been on salmon farming. In the 
late 1980s. annual losses of an estimated 
15- 20% of stock due to furunculosis 
th reatened the commerc ial v iabili ty o f 
At lant ic salmon fa rming in Scotland.2 

A. salmonfcida is read ily isolated from 
the major internal organs - especially 
kidney - on Iryplone soya agar (TSA) or 
other routine media. The organism does nol 
grow at 37°C. but at 22°C colonies are 
usually apparen t within 48 hours (Figure 2). 
Isolation of the bacterium from asympto
matic carr iers - which ac i as reservoi rs o f 
infec tion in wild or farmed fish populations 
- can be diff icult due to the small numbers 
of bacteria present in such fish. 

Bacterial Kidney Disease (BKD) 
Baclerial kidney disease (BKD), caused by 

described in the 1930s in wild Atlantic 
salmon in Scotland. II is a serious infection 
of farmed and wild salmonid fish and has 
been recorded in Canada, USA Chile. 
Japan and several European countries. In 
BritIsh Columbia. annual losses due to BKO 
have been estimated at $30- 40 million. 

The disease is systemic, slowly pro
gressIve and often fatal. Severely affected 
fish may show no obvious external signs 
apart from abdominal distension. Internal 
signs may include fluid in the abdominal 
cavity, a membranous layer on one or more 
organs and. most characteristically. cream-

Table 1: Some important bacterial diseases of fish. 

Disease 

Furunculosis 

Bacterial kidney disease (BKD) 

Enteric redmouth (ERM) 

Vibriosis 

Coldwater vibriosis 

Rainbow trout fry syndrome (RTFS) 

Columnaris disease 

Satmonid rickettsiosis 

Pasteurellosis 

Streptococcosis 

Edwardsiella septicaemia 

Pathogen 

Aeromonas salmonicida 

Renibacterium salmoninarum 

Yersinia ruckeri 

Vibrio anguilla rum 

Vibrio salmonicida 

Flexibacter psychrophilus 

F/exibactercolumnaris 

Piscirickettsia salmonis 

Pasteurella piscicida' 

Streptococcus iniae 

} 
Edwardsiella tarda 

Edwardsiella icta/uri 

. now Photooocterium damsela subsp. PlSClCida. 16 

Renibaclerium sa/moninarum,3 was first Figure 1: Deep fu runcle (arrowed) in the dorsal musculature of an adult wi ld Atlanti c sa lmon. 
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Figure 2: Typical stra ins of A. salmonicidaproduce brown pigmenton tryptone soya agar. 

Figure 3: Kidney of Atlantic salmon showing granulomata characteristic of bacterial kidney 
disease (BKO). (From Bruno, D.W. and Poppe, T.T. (1996) . A Colour At/as of Salmonid Diseases. 
Courtesy of Academic Press.) 

coloured granulomatous lesions in the kidney 
(Figu re 3). 

R. salmoninarumis a small Gram-positive. 
non-sporing, non-motile rod. The organism 
is fastidious, having an absolute require
ment for L-cysteine. and slow-growing 
even at its optimal temperature of 15- 18°C. 
Primary isolation is usually accomplished in 
3-5 weeks though in some cases it may 
take 12 weeks or longer. It is important 
there fore to prevent overgrowth by fast
growing contaminants, and this problem 
can be alleviated by using selective media.4 

Rapid presumptive diagnosis of BKO can 
be achieved by ELISA of kidney tissue. 
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BKO can be transmitted both horizon· 
lally. from fish to fish via water, and 
vertically, from parent to offspring via the 
egg. The intra-ovum location of the pathogen 
has been firmly established,5,6 and there is 
little doubt that vertical transmission can 
play an important role in the propagation of 
BKD in the wild and. jf not properly con
trolled. in farmed fish. 

Enteric Redmouth (ERM) 
Enteric red mouth (ERM), caused by Yersmia 
rucker;, was first diagnosed In farmed 
rainbow trout in Idaho USA In the 19505 
The first outbreak in Canada - preceded 

by importation of fish from Idaho - occurr
ed in t 973. ERM first appeared in England 
in 1977 and subsequently has been diag
nosed in most European countries and in 
Australia. The disease, an acute haemorrhagic 
bacteraemia. has caused considerab le 
economiC loss to trout farming. Outbreaks 
of ERM also occur in Atlantic and Pacific 
salmon species. 

Y. rucker; is a small Gram-negative, 
peritrichous-flagellaled, non-sporing rod. 
The organism is readily isolated from 
Internal organs on routine media such as 
TSA. At least six serotypes exist. Although 
some strains can grow at 37°C , incubation 
temperatures of 18- 25°C are routine!y used 
for isolation. Transmission of ERM occurs 
from fish to fish through water. though 
isolation of Y. ruckerifrom sea gulls suggests 
a possible role lor birds in the spread of 
infection .? 

Vibriosis 
Represen tatives of the Vibrionaceae are 
amongst the most widespread and im
portant pathogens of fish in the marine 
environment. In Japan. annual losses due 
to vibriosis now exceed C 15 million. 1 Many 
different Vibrio species have been asso
ciated with disease in fish . Some are 
secondary pathogens but two at least -
V anguil/arum and V sa/monicida - are 
primary pathogens. 

\/. anguil/arum Infections are usually 
associated with high sea water temper
atures and high population densities whether 
in farmed or wild fish. There are at least 10 
serotypes of V. anguil/arum.8 Acute disease 
can result In mortality of farmed salmon with 
few if any gross lesions. In contras\, we 
often observe deep-seated muscle lesions 
in chronically-infected wild salmon. 

\/. sa/monicida is responsible for cold
water vibriosis or Hitra disease in Atlantic 
salmon.9This disease. which ismos\ severe 
at low sea water temperatures. has caused 
heavy losses in Norway since the 1970s 
and has also been recorded in Scotland. 
Canada and the Faroe Islands. Clinical 
signs may include haemorrhage on the fin 
base and tile abdominal wall. Internally . 

• haemorrhage in the abdominal cavity. on 
the swimbladder and within the abdominal 
fat is typical (Figure 4). The organism can 
usually be isolated in large numbers from 
in ternal organs on NaCI-supplemented 
media aI15°C. In contrast to V. anguil/arum, 
isolates of V salmonicida from di fferent 
geographical origins appear to be biochem
ically and serologically homogeneous. 

Other sign ificant d iseases 
Rainbow trout-fry syndrome (RTFS) is a 
disease of juvenile rainbow trout caused by 
systemic infection with the filamentous 
Gram-negative rod Flexibacter psychro
phi/us syn Cytophaga psychrophila. IO The 
disease 'emerged' in Europe in the late 
1980s and is now widely dis tributed. In fac t 
the causative organism had been isolated 
in the USA more than 30 years earlier in 
association with a condition known as 
bacterial cOld-water disease (Figure 5). In 
Scotland losses due to RTFS may exceed 
50% on affected farms 11 and it is becoming 
apparent thai F psychrophi/us infections 
now pose a threat to the commercial 
success of trout farming in Europe. While 
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Figure 4: Internal haemorrhage (arrowed) typical of Vibrio salmonicida infection in an Atlantic sa lmon in Shetland. 

F psychrophifuscauses disease at relatively 
low water temperatures, the closely related 
organism F co/umnaris - causat ive agent 
of calumnaris disease - is more patho~ 
gen ic at high water temperatures. 

In SQutl1ern Chi le, a rickettsial disease 
11as caused morta li ties in salmonid fish 
since the late 1980s. Recurring epizoot ics 
have caused devastat ing losses in the 
region wi th mortalities approaching 90% in 
some coho salmon farms. The causat ive 
organism, Pisciricketlsia sa/manis. is a 
member of the Ricketts iaceae but 163 
rRNA analysis has shown that if ;s not 
speci fically related to any previously des~ 
cribed intracellular pathogen. 12 Similar 
organisms have also been reported recently 
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in British Columbia, Norway and Ireland. 
Other important bacterial fi sh d iseases 

include pasteurel losis. a disease of sea 
bass and sea bream caused by Pasteurella 
piscicida: streptococcosis, a disease caused 
by Streptococcus iniae and other Strepto
coccus spp. which has been responsible 
for serious losses of yellowtail in Japan: and 
Edwardsiella septicaemia. a major disease 
of catfish in the USA caused by E. tarda and 
E. ieta/uri. 

Disease control 
At the farm level the firs! approach to 
disease conlrol is through husbandry pract
ices aimed al minimising stress, overcrowd
ing and physical trauma. Proper hygiene 

and management techniques also play an 
important ro le. Forexample, in Scotland it is 
common practice in salmon farming to 
grow just one year-class of fish at anyone 
site. When the fish are harvested, all nets 
and equipment are cleaned and dis
infected and the site remains empty or 
fallow for a period of weeks or months be
fore the next year-class of fish is introduced 
and the cycle repeated . 

Most bacterial diseases are potentia!ly 
amenable to antibiotic treatment. In the UK, 
just four ant ibacterials are licensed for use 
;n fish - oxytetracycline. oxolinic acid, 
trimethoprim-sulphadiazine and amoxyci llin. 
Al l are prescription-only medicines and as 
such may only be administered under 

Wampole Isolator™ included in Oxoid Range 
Unipath Limited has been licensed by Carter-Wallace Inc . to markel and distribute 
the Wampole Isolator™ 

For maximum yield and speed to detection, Isoiator1M is the ideal complement to 
broth-bottle blood culture systems. It is particularly suitable for the detection of fungaemia, 
mycobacteria and other microorganisms with specialised nutritional requirements. 

Isolator™ 1 0 is a unique one-tube system which concen trates microorganisms in 
a blood sample by lysis-centrifugation. Fol lowing centrifugation, the microbial concentrate 
is inoculated directly onto conventional agar media. 

fso lator rM 1.5 is available for paediatric use and does not require centrifugation. 
The ent ire contents of the tube are plated. 

Isolator™ is a welcome addit ion to the Oxoid range of blood culture systems and can 
be used in conjunction with our existing culture media and b lood culture products. 

For further information contact: Valerie Kane, Unipath Limited, Wade Road, 
Basingstoke, Hants RG24 8PW, Eng land. Te l: (01256) 841 144. Fax: (01256) 463388. 
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Figure 5: Flexibacter psychrophilus infection in a rainbow t rout (from Bruno, D.W. and Poppe, T.T. (1996). A Colour Atlas of Salmonid Diseases. 
Courtesy of Academic Press). 

supervision of a veterinary surgeon. Anti~ 
blotlCS are usually given orally. by incorpor~ 
alton In the feed. though in certain ci rcum~ 
stances they may be injected. To assure 
public safety. fish may be slaughtered for 
human consumption only after they have 
undergone a statutory withdrawal period 
following treatment to ensure that un~ 

acceptable antibiotic-residue levels are not 
present. None of the UK-licensed anti~ 

bacteria Is are effective against BKD. 
The development or acquisition of re

sistance to antibacterial agents imposes 
serious constraints on antibiotic therapy. 
Both p lasmid-mediated and mutational 
resistance have been reported widely in 
fish pathogens. This makes susceptib il ity 
testing of c linical isolates essential and the 
choice of therapy at times problematical. 
Some workers have expressed concern 
thaI the potential exists for transfer of 
resistance genes from fish pathogens to 
human pathogens. though others have 
argued equally strongty that the risk to 
public heatth is very low 13 

Highly effective vaccines have been 
developed against certain bacterial dis
eases of fish . In Europe. vaccines are now 
commercially available for the control of 
ERM. vibriosis. cOld-water vibriosis and 
most recently furunculosis. The develop~ 
ment of effective furunculosis vaccines 
followed a period of extensive investigation 
of virulence mechanisms of the causative 
agent. 14 With the exception of some ERM 
vaccines, which may be administered by 
immersion. most vaccines are administered 
to fish by injection. In Scotland. our annual 
survey showed that some 20.7 of the 23. 1 

million farmed salmon smolts produced in 
1994 were injection-vaccinated against 
furunculosis. 

Legislation exists in some coun tries to 
prevent the introduction and spread of fish 
diseases. In the UK. two bacterial diseases 
- furunculosis and BKD - are notifiable 
under the Diseases of Fish Act 1937 and 
1983. Under this legislation live fish and 
eggs may be prevented from moving into. 
oroutof. in fected fish farm sites. In the case 
of BKD. for which there are no effective 
antibiotic treatments or vaccines. statutory 
movement restric tions have proven highly 
effective in restric ting the spread of the 
disease. 

Future research 
Current methods of pathogen.. detection 
(e.g. direct cutture. ELISA) are adequate for 
the diagnosis of clinical disease. However. 
they are not sufficiently sensitive for the 
detection of the very small numbers of 
pathogenic bacteria which may exist in 
asymptomatic carriers. Molecular biology 
techniques can provide sensitive lools for 
pathogen detection, as shown by the find
ing that a DNA probe coupted with peR can 
be used to detect as few as two R. sa/man
inarum cells in a salmon egg. 15 DNA probes 
are also available for A. safrnonicida and a 
number of other pathogens. However there 
appear to be practical di ff iculties in the 
applicati on of PCR to fish ti ssues and these 
need to be overcome before really sensitive 
techniques become available for pathogen 
detection in fish. 

Vaccination of fish by injection is labour
infensive. and a major goal in fish vaccino-

logy is the development of effective oral 
vaccines. The development of vaccines. 
oral or otherwise. against a number of 
economically important diseases. not least 
BKO. RTFS and salmonid rickettsiosis, are 
other important goals. 
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