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Abstract
Juvenile rainbow trout (Oncorhynchus mykiss) acclimated to fresh water or salinities of < 9.0‰
were exposed orally or by immersion to Yersinia ruckeri. Immersion or oral exposure affected the
survival of fish. All deaths occurred between 4 and 12 d after exposure to Y. ruckeri. Analysis of
variance indicated that mortalities of fish exposed by immersion were significantly lower in
higher salinity. However, mortalities following oral uptake was significantly lower in fresh wa-
ter and 1.0‰ salinity than in 3.0 and 9.0‰ salinity. Survival of the orally exposed fish in fresh
water and 1.0‰ salinity was significantly lower than that of immersion-exposed fish. However,
when the data were analyzed by Kaplan-Meier survival and failure time analysis there was no
significant difference found among salinities in either group.

Introduction
Yersinia ruckeri, the bacterial pathogen caus-
ing yersiniosis or enteric redmouth, was first
isolated in Idaho, USA, from rainbow trout
Oncorhynchus mykiss (Ross et al., 1966) and has
subsequently been found in most areas where
salmonids are cultured including Turkey
(Timur and Timur, 1991). Although usually
considered a disease of salmonids, yersiniosis
can also occur in other fish including channel
catfish Ictalurus punctatus, sturgeon Acipencer
baeri , and goldfish Carassius auratus
(Vuillaume et al., 1987; McArdle & Dooley-
Martin, 1985; Danley et al., 1999).

Yersiniosis affects salmonids in both fresh
water (Ross et al, 1966) and salt water (Sparboe
et al., 1986), and the organism can survive for
at least 3-4 months in sediments or water of 0-
20‰ salinity (Thorsen et al., 1992). The mor-
tality rate of rainbow trout from yersiniosis
has been shown to decrease as a function of
increasing salinity because of the reduced bac-

terial adhesion to fish (Altinok and Grizzle,
2001b). There is no information available
about effects of salinity on oral exposure of
rainbow trout with Y. ruckeri.

In fish disease research, to compare virulence
of pathogens, toxicity of chemicals, or effec-
tiveness of certain chemicals on disease con-
trol, mean or cumulative mortality data are
sometimes used and analyzed by analysis of
variance (ANOVA) or the general linear
model (GLM) (Altinok & Grizzle, 2001b;
Couso et al., 2003; Pálsson et al., 2003). In
some cases, survival analysis is a better
method for summarizing data because it pro-
vides information on the probability of sur-
vival at a given time during an epizootic (Cox
& Oakes, 1984). The objectives of this study
were to determine: (1) if mortality of Y. ruckeri
infected rainbow trout was affected by type
of exposure (immersion and oral) in differ-
ent salinities, and (2) if the type of statistical
test GLM, ANOVA (based on cumulative
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mortality mean), or survival analysis test
(based on median survival times) influenced
the study results.

Materials and methods
Maintenance of fish
Experimental design in this study was
described previously (Altinok & Grizzle,
2001a). Briefly, two independent recirculating
systems, each with eight, 50-L glass aquaria,
were used for each treatment. In each
recirculating system, four aquaria were used
for immersion and the other four were used
for oral exposure. Each recirculating system
had a 400-L reservoir and an up-flow sand
filter (15-cm diameter, 50-cm long). The water
flow to each aquarium was 3.1 L/min.
Rainbow trout of 4 months of age, 6.5 ± 0.8
(SD) g weight, and 8.3± 0.4 cm in total length
(TL) were stocked at 20-21 fish/aquarium. The
aquaria were maintained as described by
Altinok and Grizzle (2001a; 2001b).

For initial adjustment of salinity, filtered full
strength seawater was added to the
recirculating systems to increase salinity by
no more than 1.0‰/day (Altinok & Grizzle,
2001a). After 15 days of increasing salinity in
some systems, the desired salinities (0.0, 1.0,
3.0, and 9.0‰) were reached and fish were
challenged with Y. ruckeri 5 weeks later as
described by Altinok and Grizzle (2001b).

Disease challenge
Yersinia ruckeri  was isolated in pure culture
on brain heart infusion agar (BHI; Difco Labo-
ratories, Detroit, Michigan, USA) at 22°C from
kidney of rainbow trout (case number: 02-04)
and stored at -70°C (Altinok & Grizzle
(2001b). Before this experiment, the bacteria
were subcultured on brain heart infusion

(BHI) agar plates to check purity. Characteri-
stics used to identify Y. ruckeri were the gram
staining reaction, cytochrome oxidase, and
urease negative; alkaline slant, acid butt, and
lack of H2S and gas production in triple sugar
iron agar; fermentation of glucose and non-
fermentation of sucrose and lactose; non-
utilization of rhamnose and arabinose; and
lack of indole production (Ross et al., 1966;
Holt et al., 1994; Horne and Barnes, 1999). In
addition to these biochemical tests, polymer-
ase chain reaction was also used to identify
Y. ruckeri (Altinok et al., 2000).

Fish were exposed to Y. ruckeri grown at 22°C
for 48 h in BHI broth. Bacteria were counted
(APHA 1998) by serially diluting the sample
in phosphate-buffered saline and then plating
each dilution on duplicate BHI plates. After
incubation at 20°C for 24 h, bacterial colonies
were counted. For immersion exposure to
Y.ruckeri, fish from each aquarium were
dipped in fresh water and transferred for 1 h
to 30 L of freshwater containing 2.7 X 105

colony forming units (CFU)/mL. During this
exposure, dissolved oxygen was 7.09 ± 0.6 mg/
L and temperature was 15°C. After exposure,
fish were returned to the recirculating
systems. For oral exposure, fish in each
salinity were fed with Y. ruckeri inoculated
diet prepared by mixing salmon starter with
BHI broth growing Y. ruckeri (24.8 X 108 CFU/
g feed). Fish were fed the inoculated diet once
at the rate of 2.5% BW during a one hour
period. To get a similar treatment between
oral and immersion exposure, fish from each
aquarium were dipped in fresh water and
transferred for 1 h to 30 L of freshwater and
then fish were returned to the recirculating
systems. During this one hour period,
dissolved oxygen was 7.13 ± 0.5 mg/L and
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temperature was 15°C. Overall, orally
exposed fish each received 4 X 105 CFU of
bacteria (average 130 g fish/aquaria that got
3.25 g feed X 24.8 X 108 CFU). On subsequent
days, all fish were fed with inoculated diet at
the rate of 2.5% BW/day.

Fish were observed four times a day for 21
days after exposure to Y. ruckeri. Each mori-
bund or dead fish in each salinity was necrop-
sied. Liver, trunk kidney, and spleen were
aseptically streaked on Shotts-Waltman (SW)
agar, a selective growth medium for Y. ruckeri
(Waltman and Shotts, 1984), with bromthymol
blue corrected from 0.003 g to 0.03 g (Shotts,
1991). After incubation at 25°C for 24 h, bac-
teria isolated from fish were biochemically
characterized as described above.

Water Quality
The reservoir in each recirculating system was
aerated to maintain dissolved oxygen levels
near saturation. Water characteristics (Table
1) in each system were measured every other

day except salinity which was measured daily.
About 15% of the water in each recirculating
system was replaced daily by mixing filtered
seawater and spring water. Salinity was
measured daily with a conductivity-salinity
meter (Yellow Springs Instruments). Total
ammonia was measured by an indophenol
method, nitrite was measured by an azo
method, and total hardness and total
alkalinity were measured by titration method
(Boyd and Tucker, 1992). Dissolved oxygen
concentration and water temperature were
determined with a polarographic oxygen
meter and thermistor (Yellow Springs
Instruments), and pH was determined with a
glass electrode (Corning Science Products,
Medfield,  Massachusetts).

Statistical analyses
A general linear model (GLM) with recir-
culating systems nested in salinities (’split-
plot’ design) was used for statistical analysis
(JMP, SAS Institute Inc., Cary, North Carolina,
USA) of arcsine transformed mortality.

Table 1. Water characteristics (mean ± SD) during an experiment to determine the effect of salinity on infectious
route of yersiniosis disease. Water was sampled every 3 days.

xDissolved oxygen; yUn-ionized ammonia; zmg/L as CaCO3.

ytinilaS

scitsiretcarahC retawhserF ‰0.1 ‰0.3 ‰0.9

)‰(ytinilaS 0.0 00.0±0.1 01.0±0.3 21.0±0.9

)C°(erutarepmeT 01.1±0.51 01.1±0.51 02.1±0.51 06.1±1.51

)L/gm(.O.D x 14.0±86.9 04.0±46.9 34.0±24.9 93.0±42.9

Hp 50.0±83.7 50.0±14.7 60.0±84.7 50.0±45.7

HN 3 )L/gµ( y 60.0±0.1 70.0±51.0 50.0±81.0 30.0±31.0

)L/gµ(etirtiN 11±74 41±35 51±87 21±56

ytinilaklalatoT z 3±5.82 3±1.04 3±8.36 5±9.08

ssendrahlatoT z 51±341 32±882 53±557 06±678,1
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Standard error was calculated with the same
model but without arcsine transformation of
percent mortality. Salinity treatments were
also tested by analysis of variance (ANOVA).
When significant differences were found
(P<0.05), comparisons among means were
made with a Fisher ’s least-significant-
difference test. For each salinity treatment,
data were also analyzed by Kaplan-Meier
survival and failure time analysis tests
(KMSFTAT) to compare the survival profiles.
After analyzing survival data with KMSFTAT,
survival of fish in different treatments was
compared by Cox-Mantel test (Statistica,
Statsoft Inc., Tulsa, Oklahoma, USA).

Results
No fish died during the 5 weeks of acclimation
before bacterial challenge. Fish started dying
4 days after challenged with Y. ruckeri and
none died after 12 days postexposure (Figure
1). After immersion exposure to Y. ruckeri and
analyzing cumulative mortality with GLM
and ANOVA, fish mortality was significantly
different in each salinity: 69.6% in fresh wa-
ter, 60.3% in 1.0‰, 50.8% in 3.0‰, and 44.1%
in 9.0‰ (model SE = 1.4). Cumulative mor-
tality of fish orally exposed to Y. ruckeri in
fresh water (32.2%) and 1.0‰ salinity (32.2%)
was significantly lower than that in 3.0‰
(49.2%) and 9.0‰ (45.6%) salinity.

Figure 1. Immersion and oral exposure of rainbow
trout dying in four salinities (‰) after immersion
exposure to Y. ruckeri in fresh water. There were
116-120 fish in each treatment. During the 3-week
observation period, all deaths occurred 4 to 12 days
after exposure. After analyzing cumulative
mortality with GLM, cumulative mortality for each
treatment after 12 days was significantly different
from all other treatments.

Figure 2. Cumulative proportion surviving
(Kaplan-Meier) curve. Immersion and orally
Yersinia ruckeri exposed rainbow trout in fresh water
and 1.0‰ salinity. After analyzing survival data
with Cox-Mantel test, survival of oral exposed fish
to Y. ruckeri in freshwater and 1.0‰ salinity was
significantly lower than that of immersion exposed
fish.
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Analysis of the mortality data with survival
and failure time analysis indicated that there
was no significant difference among salinity
treatments. Although survival of immersion
and orally exposed fish in 3.0‰ and 9.0‰
salinities was similar, survival of orally
exposed fish in freshwater (P < 0.0001) and
1.0‰ salinity (P < 0.0017) was significantly
lower than in that of immersion exposed fish
(Figure 2). Comparing immersion exposed
fish to orally exposed fish, survival of rainbow
trout increased by 53.8% in fresh water, 46.6%
in 1.0‰ while survival of orally and
immersion exposed fish was similar in 9.0‰
and 3.0‰ salinities.

Yersinia ruckeri was isolated from liver, spleen,
and trunk kidney of all fish that were necrop-
sied. Size and location of lesions of fish dying
from yersiniosis were not affected by salinity
or by bacterial exposure methods.

Discussion
Pathogen entry is an important phase in the
development of disease (Plumb, 1999). To in-
duce yersiniosis, immersion exposure is more
effective than oral exposure in fresh water and
1.0‰ salinity, but mortality did not differ for
the exposure methods tested in 3.0‰ and
9.0‰ salinity. Higher mortality of immersion-
exposed fish in fresh water and 1.0‰ salinity
compared to that of orally exposed fish could
be due to higher adhesion rate of Y. ruckeri in
fresh water and 1.0‰ salinity compared to
3.0‰ and 9.0‰ salinity (Altinok & Grizzle,
2001b). Adhesion of pathogen to host is an
important factor for disease process (Ofek &
Doyle, 1994). Although both immersion and
oral Y. ruckeri exposed fish were handled in a
similar manner and were exposed to a simi-

lar bacterial concentration, low mortality in
orally exposed fish in fresh water and 1.0‰
salinity may be due to reduced adhesion of
bacteria to gills and entering from gills to
blood. Uptake of bacteria into fish may be af-
fected by stressing the fish before (immersion)
exposure to bacteria. Immersion-exposed fish
were stressed before exposure to bacteria by
dipping in fresh water and moving from
aquarium to aquarium before exposure, may
stimulate uptake of bacteria from environ-
ment.

After analyzing cumulative mortality with
GLM test, the highest salinity (9.0‰) was not
effective in preventing serious losses caused
by Y. ruckeri even though survival of
immersion exposed rainbow trout increased
with increasing salinity. Although this
pathogen can survive for several days in either
fresh water or full-strength sea water (Thorsen
et al., 1992; Romalde al., 1994) and can cause
yersiniosis in seawater-adapted salmonids
(Sparboe al., 1986), in the present study,
reduced mortality rate with increasing salinity
may be related to decreased bacterial
adhesion, to improved resistance to
yersiniosis, or both of these factors (Altinok
& Grizzle, 2001b). In an earlier study, Altinok
& Grizzle (2001b) found that 25% of fish in
9.0‰ and 3.5% of fish in fresh water survived
at 18.7-18.9°C. In the present study, mortality
rate of rainbow trout was less than that
reported in the previous study. The difference
may result from lower water temperature, an
important factor for development of
yersiniosis disease (Bullock & Snieszko, 1975),
susceptibility of rainbow trout strains, initial
concentration of bacteria, and virulence of Y.
ruckeri isolates.
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In fish disease research, to compare virulence
of pathogens, toxicity of chemicals, or
effectiveness of certain chemicals on fish
disease control, cumulative mortality data is
sometimes used (Bader et al., 2003; Couso et
al., 2003; Pálsson et al., 2003) but is it an
accurate method of assessment? Survival
analysis, evaluation of the distribution of
“times to event”, is used frequently in clinical
studies for prognosis of diseases (Cox &
Oakes, 1984; Fleming & Lin, 2000; Ohno-
Machado, 2001). There are three aspects of
estimating survival rates by using survival
analysis; starting date, closing date, and end
status of all experimental subjects
experiencing course of a disease. Survival
analysis is considered a sensitive and more
informative method for analyzing survival
data (Hannigan et al., 2001) and may be a
more robust test for use in fish disease
research for analyzing survival.

None of the salinities tested were effective for
preventing yersiniosis (Altinok & Grizzle,
2001b). Dependence on the data and the
objectives of the study, the present study
suggests using either Kaplan-Meier survival
and failure time analysis test to compare
survival curves or GLM or ANOVA to
compare mean or cumulative mortality data.
It is important to note that in our study,
survival is measured from initial exposure to
death due to yersiniosis, not from diagnosis
of infection to death as in clinical
epidemiology. Therefore, the survival analysis
approach to evaluate challenge experiments
is important in drawing conclusions about
effects of treatment on survival time as well.
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