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Abstract

Bacterial coldwater disease, caused by Flavobacterium psy-
chrophilim, has lead to the loss of significant numbers of hatchery-
reared salmonids. The bacteria can be spread from parent to
progeny within contaminated sperm and ovarian fluid and can
enter the egg during fertilization, The addition of antibiotics to
diluenis and water-hardening solutions could prevent the spread
of the disease, In separate trials, a mixture of 0.197 mg/mL peni-
cillin plus 0.313 mg/mL streptomycin was added to hoth a 0.5%
sodium chloride fertilization diluzent and hatchery well water dur-
ing hardening. Tests showed that the addition. of the antibiotics
to the diluent and during up to 60 min of water hardening had
no effect on the eye-up, hatch and deformity rates of Rainbow
Trout Oncorkynchus mykiss eggs compared with the nonantibiotic-
treated controls. Also, significant reductions in the prevalence of F.
psychrophilum on the surface and inside eggs were observed when
compared with controls. These results indicate that the addition
of penicillin and streptomycin to dilnents and during water hard-
ening can prevent the vertical transmission of bacterial coldwater
disease.

Worldwide, bacterial coldwater disease, caused by Flavobac-
terium psychrophilum, has been implicated in the loss of signif-
icant numbers of cultured salmonids (Nematollahi et al. 2003).
Flavobacterium psychrophilum can be transmitted both horizon-
tally and vertically (Brown et al. 1997, Kumagai and Nawata
2010a), During vertical transmission, bacteria from the ovarian
or semingal fluid enter the micropyle during fertilization (Ku-
magai and Nawata 2010a). The bacterium incubates within the
egg and F. psychrophilum outbreaks can occur after the eggs
hatch {Kumagai and Nawata 2010a), Three possible methods
for preventing the vertical transmission of F. psychrophilun are
vaccination, iodine disinfection prefertilization, and antibiotic
treatment. Vaccines against the bacteria are currently under de-
velopment leaving the iodine (Kumagai and Nawata 2010a) and

antibiotic treatments as the best available methods for limiting
the spread of the discase from parent to progeny. Antibiotic
treatment is a particularly appealing method for preventing the
vertical spread of F psychrophilum because it allows for the
treatment of sperm, eggs, and ovarian fluid, whereas iodine
treatment is only intended for eggs and ovarian fluid (Kuma-
gai and Nawata 2010a}. The bacteriun is not susceptible to
every antibiotic {(e.g., tobramycin: Kumagai et al. 2004) but is
susceptible lo several including florfenicel (Bruun et al. 2000),
oxytetracycline (Broun et al. 2003), erythromycin (Brown et al.
1997; Hesami et al. 2010), penicillin (Wagner et al. 2012),
doxycycline, sarafloxacin, and enrofloxacin (Rangdale et al.
1997).

Penicillin and streptomycin are inexpensive, readily available
antibiotics that show promise for controlling F psychrophilum.
Previous in vitro trials have demonstrated at 15°C, that 15-min
treatments with penicillin (>6.3 mg/ml.: Wagner et al. 2012},
streptomycin {>5,000 mg/L: Oplinger and Wagner 2013), and
a mixture of these two antibiotics (1.6 mg/ml penicillin plus
2.5 mg/mL streptomycin: Oplinger and Wagner 2013} are effec-
tive at killing 100% of the bacterium, Toxicity trials have shown
that Rainhow Trout Oncorhiynchus mykiss eggs can tolerate 1-h
exposures to high penicillin concentrations (up to 63.2 mg/mnL;
Wagner et al. 2012) and eggs can tolerate a mixiure of penicillin
and streptomycin at concentrations of 5.7 mg/mL penicitlin plus
9.0 mg/mL streptomycin (Stoss et al. 1978). In contrast, most
Rainbow Trout sperm extenders target antibiotic concentrations
of 0.08 mg/mL penicillin mixed with 0,125 mg/mL, streptomycin
(Stoss and Refstie 1983; Negus 2008). In vivo trials in which £
psychrophilum had been mized into sperm and eggs showed that
a concentration of 0,197 mg/mL penicillin plus 0.313 mg/mL
streptomycin is required to kill the bacterium (Oplinger and
Wagner 2015, this issue). ' :
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One possible method for preventing the vertical transmis-
sion of K psychrophilum is the application of antibiotics dur:
ing fertilization and water hardening. Disinfection of salmonid
eggs using Betadine or erythromycin during water hardening
has been tested for multiple fish species and pathogens {(e.g.,
Evelyn et al. 19806; Leary and Peterson 1990; Kumagai and
Nawata 2010b). Research with erythromycin has shown that
the antibiotic is incorporated into the perivitelline fluid during
the hardening of eggs from Coho Salmon O. kisutch and Chi-
nook Salmon O, tshawytscha (Evelyn et al. 1986). In theory,
although not thoroughly tested, the vertical transmission of F
psychrophilum could be prevented by applying antibiotics dur-
ing egg fertilization. One benefit of the application of antibiotics
during fertilization is that it allows for the simultaneous disin-
fection of sperm, eggs, and ovarian fluid. Also, antibiotics conld
enter the egg through the micropyle, which would allow the
treatment to continue after water hardening.

This study was undertaken to determine whether the vertical
spread of F psychrophilum can be prevented by the applica-
tion of antibiotics during egg fertilization and water harden-
ing. We tested the addition of a penicillin-streptomycin mix-
ture (0.197 mg/ml. penicillin plus 0.313 mg/mL streptomycin
(Oplinger and Wagner 2015). The antibiotics were added to
both a 0.5% sodium chloride fertilization diluent and a water-
hardening selution (antibiotic mixed with well water) to deter-
mine whether the antibiotics {1) had an effect on Rainbow Trout
egg fertilization, hatch, and deformity rates, and (Z) significantly
reduced the occurrence of F, psychrophilum on both the surface
and interior of eggs.

METHODS

Egg safety trial —Six (reatments were tested in this trial:
antibiotics were added (1) to the dilvent only, (2} after the post-
fertilization egg rinse and during water hardening for 15 min
after fertilization, (3} after the postfertilization egg rinse and
during water hardening for 60 min after fertilization, (4} to both
the diluent and during water hardening for 15 min after fertil-
ization, and (5) to both the diluent and during water hardening
for 60 min after fertilization, and (6} as a control (no antibi-
otics added) the normal diluent and water-hardening process
was followed. Four replicate lots of eggs, each consisting of
eggs from three female Rainbow Trout and sperm from two
males were produced. Each lot was split into six equal-sized
portions (prior to fertilization), each of which contained ap-
proximately 1,250-1,500 eggs and was subjected to a different
treatment. The diluent solutions consisted of 0.5% NaCl with or
without 0,197 mg/mL penicillin powder (Russell R-Pen, 1,582
IU/mg) and 0.313 mg/mL streptomycin powder (Sigma-Aldrich
$6501), To fertilize the eggs, sperm was added and flagella were
activated by adding 300 mL of the appropriate (with or with-
out antibiotic} diluent solution. Three minutes after fertilization,
the eggs were rinsed three times with hatchery water (pH = 7.6,

total hardness and alkalinity = 180 mg/L.). Then they were water
hardened in hatchery well water for 60 min after fertilization.
When applicable, antibiotics were added to the water-hardening
solution at the same concentration as in the diluent. Eggs that
were subjected to antibiotics for the first 15 min were also rinsed
15 min after fertilization with hatchery water and then left to sit
in hatchery water (without antibiotics) for the remainder of the
water-hardening process. In accordance with Utah Division of
Wildlife Resources (UDWR) policy (eggs collected and reared
in UDWR’s Mantua Hatchery, Box Elder County), 60 min after
fertilization all eggs were disinfected for 15 min in a 100-mg/L
iodine solution (Amend 1974). Eggs were incubated in Heath
trays and percent eye-up, hatch, and the deformity rate among
the eggs was determined by visually examining every egg in
each tray, Percent eye-up was determined 5 d after eyes first
appeared within the eggs, and percent hatch and the deformity
rates were determined 7 d after the first eggs began to hatch.
Data were analyzed as a randomnized complete block design us-
ing Program R (Hornik 2013) and were considered statistically
significant at P < 0.05. For this study, replicate groups of eggs
were considered blocks.

Egg disinfection trial —Guametes from six male and six fe-
male fish were collected, Approximately 20 min after the ga-
metes were stripped, K psychrophilum (CSF 259-93 strain:
Crump et al. 2001) from a 96-h-old culture of a maltose-infused
tryptone yeast extract (MAT) broth (incubated at 15°C; Crump
et al, 2001) was added te both the sperm and eggs to reach a
target concentration of 10,000 bacteria cellsfml.. To reach this
target concentration, the bacteriz density in the 96-h culture was
detexmined using a spectrophotometer {Thermo Electron Cor-
poration Genesys 10 UV, wavelength set at 525 pm) and con-
verted to an estimate of CFU/mL using the formula, cells/mL =
—5,155,052.107 4+ 137,140,282.280 x absorbance (Oplinger
and Wagner 2012). The estimated density in the 96-h culture
was 6.68 x 107 F psychrophilum cells/mL. Then a 100-fold
dilution of this 96-h culture was made by adding 1 mL of this
culture to 99 mL of uninoculated MAT broth. Then to reach the
target concentration of 10,000 bacteria cells/mL in the sperm
and eggs, the volume of sperm and eggs (with ovarian fluid)
was determined and 14.97 ul of the 100-fold dilution of the 96-
h-old culture per milliliter of sperm or eggs was added. No active
outbreaks of bacterial coldwater disease were observed among
the broodfish and as a result the density of F psychrophilum
naturally occurring inr the sperm and eggs was assumed to be
negligible (Kumagai and Nawata 2010a).

The eggs were fertilized 60 min after the bacteria were added.
Eggs mixed with F psychrophilum were fertilized with sperm
containing F. psychrophilum. Four separate treatments were
tested: (1) eggs fertilized using diluent containing antibiotics
and antibiotics applied during the first 20 min of water harden-
ing, (2) eggs fertilized using diluent containing antibiotics and
antibiotics applied during the first 60 min of water hardening,
(3) a positive control (. psychrophilum added to sperm and eggs
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and no antibiotics added to the diluent or during water harden-

sperm and eggs and no antibiotics added to the diluent or during
water hardening). The antibiotic concentration for all applica-
' ble treatments was 0.197 mg/mL penicillin plus 0.313 mg/mL
streptomycin, Four replicates of each treatment were tested with
~2(00 eggs in each treatment. The eggs were thoroughly rinsed
with sterile well water 60 min after fertilization to remove the
antibiotics but no external egg disinfection occurred. Twenty-

| five eggs from each replicate were then individually transferred

using sterile forceps to sterilized 1.5-mL microcentrifuge tubes
containing 0.5 mL of sterile MAT broth. Each egg was mac-
erated with a sterile pestle and incubated at 15°C. After 24 h,
the mixture was agitated briefly on a vortex mixer, 100 nL of
solution was distributed with a sterile spreader on tryptone yeast
extract salt agar with the antibiotic tobramycin added (TYES +
T; 4.0 pg/mL tobramycin: Kumagai and Nawata 2010a). The
dishes were incubated at 15°C for 10 d and counts of F psy-
chrophilum colonies were made at the end of this incubation
period. Isolates were made from all putative F, psychrophilim
colonies from each treatment replicate on TYES + T media and
a PCR assay was performed to confirm that the bacteria werc
F psychrophilum (Wiklund et al. 2000). Data were normalized
using arcsine-squate reot transformations and analyzed as a
one-way ANOVA uvsing Program R (Hornik 2013). Data were
considered statistically significant at P < 0.03.

RESULTS

Egg Safety Trial:

Eye-up, hatch, and deformity rates among eggs treated with
antibiotics during various stages of fertilization and water hard-
ening did not significantly differ from eggs that were not treated
with antibiotics (all P = 0.12). Mean survival to the eyed egg
stage (eye-up) was similar among treatments, ranging from
67.9% to 79.6% {Table 1). The percent hatch averaged from
60.2% to 71.7% among treatments. Deformity rates were low
in all treatments (<1%). The results showed that the addition
of antibiotics to both the diluent and water-hardening solution
were safe for Rainbow Trout eggs.

TABLE L.

ing), and (4) a negative control {(F, psychrophilim not added to’
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Egg Disinfection Trial

Significantly fewer cggs wers infected with F psychrophilum
(F3,12 = 17.88, P < 0.01) and the average number of CFU
on the eggs were lower (F3 1 = 21.14, P < 0.01} on eggs
treated with antibiotics than on the untreated control eggs. On
average, F psychrophilum was recovered from 29 + 24%
(mean 4 SD} of the eggs in the negative control treatment
and 32 + 31% of the eggs in the positive control {#, ¢ = (.36,
P =10.73; Figure 1). In contrast, no ¥ psychrophilum was found
among the antibiotic-treated eggs and the number of colonies
other than those of F. psychrophilim did not differ between the
two antibiotic treatment regimes (Tukey’s honestly significantly
different [HSD] test: P = .88).

DISCUSSION .

The results from our trials showed that antibiotics can be
added to both sperm diluents and during water hardening. The
results from our egg safety trials demonstrate that the addition
of 0.197 mg/mL penicillin plus 0.313 mg/mL streptomycin to
0.5% sodium chloride sperm diluents and to well water during
the water-hardening process does not decrease the number of
eggs reaching eye-up and the percent hatch or increase the defor-
ity rate among Rainbow Trout eggs. Also, antibiotic treatment
during fertilization and water hardening appears to kill 100% of
the bacterium F psychrophilum. Thus, the use of antibiotics dur-
ing these egg production steps appears to prevent the vertical
transmission of bacterial coldwater disease. Interestingly, the
percentage of eggs infected with & pgvchrophilum did not vary
between the positive and negative control treatments (positive
control was “spiked” with F. psychrophilum) indicating that the
addition of extra bacteria did not increase the rate of detection
of bacterial coldwater disease.

The use of antibiotics for control of vertical transmission of
bacterial pathogens has been atteinpted previously by injecting
broodstock with antibiotics (Brown et al. 1990; Haukenes and
Moffitt 2002), but studies that have focused on egg treatment are
few. Among those, Arenzon et al. {2002} used penicillin during
eggincubation and Jensen et al. (1981) used a 0.002~-mg/mL ery-
thromycin phosphate solution for tinsing eggs. Brythromycin
(0.002 mg/L for 1 h) was also used during water hardening

Bye-up, hatch, and deformity rates (%, SD in parentheses) among Rainbow Trout eggs that were treated of not treated with a mixture of 0.197 mg/mL

penicillin plus 0.313 mg/mL streptomycin during fertilization or during either the first 15 or 60 min of water hardening. Eggs in the control treatment were not
subjected to antibiotics during either fertilization or water hardening. A. represents antibiotie treatment and NLA. represents the absence of antibiotics,

Treatment Eye-up rate (%) Hatch rate (%) Deformity rate (%)
A. Diluent only 70.6 (19.3) 637 (221 0.18 (0.07)
A. Diluent + 15 min hatdening 78.0 (14.6) 70,3 (197 0.71 (0.51)
A, Diluent + 60 min hardening 67.9 (24.5) 60.2 (27.3) 0.84 {0.48)
N.A. Diluent 4 13 min hardening 75.6 (16.6) 66.5 (22.2) 0.32 (0.37)
N.A. Diluent + 60 min hardening 79.6 (13.8) 717 (19.2) 0.29 (0.29)
Control 69.8 (21.9) 60.4 (31.4) 0.42 (0.21)
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FIGURE 1. Percentage of eggs infected with £ psychrophiliun (top panel) and
average nuinber of F psychrophilum as CFUMmL (bottom panel) observed on
eggs that were fertilized using diluent containing a penicillin and streptomycin
mixture and water hardened with the same antibiotic mixture for either the first
20 or 60 suin after fertilization, The effect of the antibiotics is compared against
two control treatments that were not exposed to antibiotics, To ensure infection,
F. psychrophilum was added to the eggs in the positive control treatment and was
not added to the negative control, Letters above the bars represent the results of
a Tukey’s mean separation test with treatments that have statistically significant
differences, which are dencted with different letters, Error bars represent + 1

-SD of the mean.

of eggs from Coho Salmon and steclhead (anadromous Rain-
bow Trouf), but abnormal development resulted (Jensen et al.
1981). To our knowledge, the trials we conducted are the first to
use penicillin-streptomycin during fertilization and during the
water-hardening process, The results indicate that a mixture of
penicillin and streptomycin can be safely added to fertilization
diluents and water-hardening solutions and that the addition of
these antibiotics could potentially reduce the vertical transimis-
sion of F. psychrophilum.

One primary advantage to the use of antibiotics during these
production stages is that this treatment limits E psychrophilum
that is transmitted in both the female and male reproductive
fluids, thus contrasting with other early fertilization disinfec-
tion (<1 h after fertilization) methods. For example, the iodine

disinfection method of Kumagai and Nawata (2010b) focuses
on transmission through eggs and ovarian fluid and the antibi-
otic method of Oplinger and Wagner (2015} focuses on sperm.
Another advantage is that much less antibiotic is needed to
treat a small volume of eggs compared with Jater developmental
stages, which would require more antibiotic. Regardless, the Na-
tional Pollutant Discharge Elimination System developed by the
U.S. Environmental Protecticn Agency requires the reporting
of antibiotic use in hatcheries within the United States (USEPA.
2014), and the use of these antibiotics with fish is subject to in-
dexing under the Minor Use and Minor Species Animal FHealth
Act (USEDA 2014),

While not evaluated, it is possible that lower antibiotic con-
centrations are required if eggs are treated for 60 min after fer-
tilization compared with shorter treatments. The results demon-
strate that'similar reductions in bacteria numbers are observed
regardless of whether antibiotics are applied for 20 or 60 min
during water hardening, This indicates that antibiotic use can
be discontinued at the hatchery’s discretion anytime duting this
period without reducing the effectiveness of the treatment, Most
salmonid hatcheries disinfect eggs shortly after fertilization and
iodine is a common disinfectant. Many hatcheries perform this
disinfection 60 min after fertilization but some hatcheries dis-
infect during water hardening (5-60 min after fertilization). It
is not known whether the mixing of iodine with antibiotics re-
duces egg eye-up or hatch rates or whether iodine reduces the
effectiveness of the antibiotics. Our results indicate that jodine
treatments perforined =060 min after egg fertilization are safe
to the eggs and do not inhibit the effect of the antibiotics. The
development of antibiotic resistance is a growing problem in
aquaculture and the rate of development of antibiotic-resistant
bacteria strains may be accelerated when suboptimal antibiotic
concentrations are used (Schmidt et al. 2000). Thus, the antibi-
otic concentration used should be adequate to kill all bacteria
within the desired exposure period. Many Rainbow Trout pro-
duced in western North America are sterilized (Kozfkay et al.
2006; Budy et al. 2012) and triploid induction may be a logical
time to discontinue antibiotic treatment during water hardening.
In the egg safety trial we had treatments in which we tested an-
tibiotic application for 15 min after fertilization, and we tested
a 20-min application in the egg disinfection trial. This shift in
time corresponds with when the UDWR induces triploidy and
was made for convenience and to minimize egg handling,

We obgerved that the use of antibiotics did not increase the
incidence of larval deformities. ‘This deformity assessment was
made 7 d after hatch and was based on the number of fry that
had obvious deformities (e.g., in the spine or occurrence of
two heads) or swam in circles, Research on the use of the an-
tibiotic erythromycin during water hardening has shown that
this antibiotic increases the incidence of meristic count asym-
metry between the left and right side of the body (Leary and
Peterson 1990); those investigators suggested that the antibi-
otics interrupted larval development. It is not known whether
similar effects occur when a penicillin—sireptomycin mixture is
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used during water hardening, but nothing abnormal has been

observed in a production group of Rainbow Trout eggs we'

treated with these antibiotics (R. W. Oplinger, unpublished
data). In 2013, we applied the antibiotic treatment (diluent plus
20 min water hatdening) on a production scale at the Mam-
moth Creek State Fish Hatchery (UDWR). The survival to the
eyed stage was 74% for eggs from 3-year-old female Rainbow
Trout (694,532 eggs) and 80% for 4-year olds (328,176 eggs).
These data affirm the safety of the antibiotic treatment on a
production scale. Survival of these eggs was comparable with
what was observed in previous years (65-75%) at this same
hatchery.

Our results have demonstrated that a penicillin—streptomycin
mixture could interrupt the vertical transmission of F psy-
chrophilum in salmonids. Based on these results, we are op-
timistic that this antibiotic mixture, applied during fertilization
and water hardening, could be a useful tool in the control of
bacterial coldwater disease. We recommmend that antibiotics be
used sparingly, with the knowledge that bacterial resistance is
inevitable. There is ample literature noting that antibiotic re-
sistance 1s a growing concem for human health (Davies 1994;
Waters et al. 2011; Wang et al. 2012). Antibiotic resistance in
aquaculture also has been a concern, not only for fish health
{Schmidt et al, 2000), but also for resistant bacteria moving
up the food chain into aguaculture products (Khan et al. 2009;
Wang et al, 2012). If antibiotics are added to diluents or water-
hardening solutions, antibiotic susceptibility tests should be per-
formed to ensure that F psychrophilum is not developing resis-
tance to penicillin and streptomycin. Pericdic drying of eyeing
jars, incubation trays, and rearing troughs and treatment with
other chemicals such as bleach could slow the development
of antibiotic-resistant strains of the bacterium. Future develop-
ments in vaccine research, which have shown promise (e.g.,
LaFrentz et al. 2008; Madetoja et al. 2008; Long et al. 2013),
should help provide a more sustainable method of disease con-
trol. Until these vaccines are widely available, antibiotic treat-
ments, coupled with rigorous disinfection etforts at both brood
and production hatcheries, could help maintain healthy fish pro-
duction,

ACKNOWLEDGMENTS

Funding for this research was provided by the Federal Aid
in Sport Fish Restoration program, project F-96-R and the Utah
Division of Wildlife Resources. This manuscript was greatly
improved by the comments of three reviewers.

REFERENCES

Amend, I, F. 1974. Comparative toxicity of two iodephors to Rainbow Trout
eggs, Transactions of the American Fisheries Society 102:73-78.

Arenzon, A., C. A. Lemos, and M. B. C. Bohrer. 2002. The influence of tem-
perature on the embryonic development of the annual fish Cynopeecilus
melanotaenia (Cyprinedontiformes, Rivulidae). Brazilian Journal of Biology
62743747,

Brown, L. L., L. I. Albright, and T, P. T. Evelyn, 1990. Control of vertical
transmission of Renibacterium salmoningriun by injection of antibiotics into
matucing female Coho Salmon Oncorfiynchus kisuich, Diseases of Aquatic
Organisms 9:127-131.

Brown, L. L., W. T. Cox, and R. P. Levine. 1997, Evidence that the causal agent
of bacterial cold-water disease Flavebacterium psychrophilum is transmitted
within salmonid eggs. Diseases of Aquatic Crganisms 29:213-218,

Bruun, M. 8., I.. Madsen, and I Dalsgaard. 2003, Efficiency of oxytetracycline
treatment in Rainbow Trout experimentally infected with Flavebacterium
psychrophilim strains having different in vitro antibiotic susceptibilities,
Aquaculture 215:11--20.

Bruun, M. 8., A. §. Schinidt, L, Madsen, and I, Dalsgaard. 2000, Antimicro-
hial resistance patterns in Danish isolates of Flavebacterium psychrophilim.
Aquaculture 187:201-212.

Budy, P, G. P. Thiede, A. Dean, I, Olsen, and G. Rowley. 2012. A comparative
and experimental evaluaticn of performance of stocked diploid and triploid
Brook Trout. North American Journal of Fisheries Management 32:1211—
1224,

Crump, E. M., M, B, Perry, 8. C. Clouthier, and W, W. Kay, 2001, Antigenic
characterization of the fish pathogen Flavebacterium psychrophilim. Applied
and Environmental Microbiology 67:750-759.

Davies, J. 1994, Inactivation of antibiotics and the dissemination of resistance
genes, Science 264:375-382.

Evelyn, T. P. T., J. E. Keicheson, and L. Prosperi-Porta. 1986. Use of ery-
thromycin as & means of preventing vertical transmission of Renibacterium
salmoninarum, Diseases of Aquatic Organisms 2;7-11,

Haukenes, A, H., and C. M. Moffitt, 2002, Hatchery evaluation of erythromyein
phosphate injections in prespawning spring Chinook Salmon. North Ameri-
can Journal of Aquaculture 64:167-174.

Hesami, 8., I. Parkman, J. L MacInnes, I. T. Gray, C. T. Gyles, and J. 8. Lumsder.
2010. Antimicrobial susceptibility of Fiavebacterium psychraphilum isolates
from Ontario. Journal of Aquatic Animal Health 22:39-49,

Hornik, K. 2013, The R FAQ. Available: http://CRAN.R-project.org/doc/FAQ/
R-FAQ.html. (May 2013},

Jensen, I. O. T., W. E, McLean, and D, E Alderdice, 1981, Effects of accessory
factors on survival of newly fertilized salmonid eggs treated with an antibiotic,
Aquaculture 23:295-307.

Khan, A, A., E. Ponce, M. S. Nawaz, C. M. Cheng, I, A, Khan, and C, 8, West.
2009, Idlentification and charasterization of class 1 integron resistance gene
cassettes among Salmonella strain isolated {rom imported seafood. Applied
and Bnvironmental Microbiology 75:1192-1194,

Koztkay, 1. R., J. C, Dillon, and D. J. Schill. 2006. Routine use of sterile fish in
salmonid sport fisheries: are we there yet? Fisheries 31:392-401.

Kumagai, A., C. Nakayasu, and N, Oscko. 2004, Effect of fobramycin supple-
mentation to medium on isolation of Flavebacterium psychrophilum from
Ayu Plecoglosstis altivelis. Fish Pathology 39:75-78,

Kumagai, A., and A. Nawata, 2010a. Mode of the intra-ovum infection
of Flavobacterium psychrophilum in salmonid eggs. Fish Pathology 45:
31-36.

Kumagai, A., and A. Nawata. 20100, Prevention of Flavobacterium psy-
chraphiliin vertical transmission by iedophor treatment of unfertilized eggs
in salmonids. Fish Pathology 45:164-168.

LaFrentz, B. R., 8. BE. LaPatra, D. R. Call, and K, D, Cain, 2008.
Isolation of rifampicin resistant Flavebacterium psychrophilum strains
and their potential as live attenuated vaccine candidates. Vaccine 26:
5582-5589.

Leary, R. B, and % E. Peterson. 1990, Effects of water-hardening eggs in 4
betadine or erythromycin solutien on hatching success, development, and
genetic characteristics of Rainbow Trout, Progressive Fish-Culturist 52
83-87.

Long, A., T. R. Fehringer, M. A, Swain, B, R, LaPrentz, D. R. Call, and
K. D. Cain. 2013. Enhanced efficacy of an attenuated Flavobacterium
psychrophilum strain cultured under iron-limited conditions. Fish and Shell-
fish Immuonology 35:1477-1482,




COMMENT 37

Madetoja, J., L.-G. Lénnstrdm, C. Bjorkblom, G. Ulukdy, G. Bylund,
C. Syvertsen, I, Gravningen, B.-A. Norderhus, and T. Wiklund. 2008. Effi-
cacy ol injection vaccines against Flavobacterium psychrophilum in Rain-
bow Trout, Oncorhynchus mykiss (Walbaum), Journal of Fish Discases
29:9-20.

Negus, M. T. 2008. Salmonid sperm cyropreservation techniques, Minnesota
Departinent of Natural Resources Special Publication 167,

Nemartollahi, A., A. Decostere, F Pasmans, and F. Ifaesebrouck. 2003.
Flavobacteriunr psychrophilum infections in salmonid fish. Journal of Fish
Discases 26:563-574.

Oplinger, R. W., and E. J. Wagner. 2012. Effects of media ingredicns substitution
and comparison of growth of Flavebacterivm psychrophilum among four
media. Journal of Aquatic Animal Health 24:49-57,

Oplinger, R, W., and E. J, Wagner. 2013. Control of Flavobacterium psy-
chrophilum: tests of erythromycin, stroptomycin, osmotic and thermal shocks,
and rapid pH change. Journal of Aquatic Animal Health 25:1-8.

Oplinger, R. W., and E. J. Wagner. 2015. Use of penicillin and streptomycin
to reduce the spread of bacterial coldwater disease I antibiotics in sperm
extenders. Journal of Aquatic Animal Health 27:25-31.

Rangdale, R., R. H. Richards, and I. J. Alderman. 1997. Minimum inhibitory
concentrations of selected antimicrobial compounds against Flavobacteriin
psychrophilum the causal agent of Rainbow Trout fry syndrome (RTES).
Aquaculture 158:193-201.

Schinidt, A. 8., M. S Bruun, L. Dalsgaard, K, Pedersen, and I, L. Larsen. 2000,
Occurrence of antitmicrobial resistance in fish-pathogenic and environmental
bacteria associated with four Danish Rainbow Trout farms. Applied and
Environmental Microbiology 66:4908-4915.

Stoss, J., S. Biiyiikhatipoglu, and W, Holtz. 1978. Short-term and cryopreset-
vation of Rainbow Trout (Salio gairdneri Richardson) sperm, Annales de
Biologie Animale Biochimie Biophysique 18:1077-1082.

Stoss, J., and T. Refstie. 1983. Short-term storage and crycpreservation of milt
from Atlantic Salmon and sea treut, Aguaculture 30:229-236.

USEPA (U.S. Envirenmental Protection Agency). 2014. National pollutant
discharge elimination system. Available: htip://cfpub.epa.gov/npdesf. (Jung
2014).

USEDA (U.S. Tood and Drug Administration). 2014, Minor Use and Mi-
nor Species Animal Health Act. Available: htp://www.fda.gov/Animal
Veterinary/DevelopmentApprovalProcess /MinorUseMinorSpecies/default.
httn., (June 2014),

Wagner, B. I, R. W. Oplinger, and M. Burtley. 2012, Penicillin-G: efficacy
against Flavobacterium psychrophilum and evaluation of lethal dose limits
for Rainbew Trout. Open Journal of Animal Sciences [onlino serial] 2:150-
158.

Wang, H., J. C, McEntire, L. Zhang, X. Li, and M. Doyle. 2012. The transfer of
antibiotic resistance from food to humans; facts, implications and future di-
rections. Revue Scientifique et Technique (International Office of Epizootics)
31:249-260.

Waters, A. E., T. Contente-Cuomo, J. Buchhagen, C. M. Liu, L. Watson, K.
Pearce, ], T, Foster, J. Bowesg, B, M. Driebe, I, M. Engelthaler, P. 8. Keim,
and L. B. Price. 201 1. Multidrug-resistant Staphylococcis aurews i US meat
and pouliry. Clinical Infectious Diseases 52:1227-1230:

Wiklund, T., L. Madsen, M. S. Bruun, and I Dalsgaacd. 2000, Detection of
Flavobacterium psychrophiliom from fish tissue and water samples using
PCR amplification. Journal of Applied Microbiology 88:299-307.




