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Disease Management in Hawai-
ian Aquaculture, Year 10

Objectives

1. Establish a low-dose, long-term treatment for ectoparasites, using hydrogen
peroxide in a treatment regime similar to that which is available for formalin.
Efficacious and safe treatment levels of hydrogen peroxide will be established
for three species of fish, Chinese catfish (Clarias fuscus), tilapia, and the
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yellow tang (Zebrasoma flavescens). Articles will be published in the CTSA
Regional Notes newsletter, detailing the efficacy of hydrogen peroxide on the
three fish species listed.

2. Complete the work on fish cell lines already established and in passage. Im-
mortalize and maintain the cell lines for the identification of viral disease in both
aquacultured and wild fish. During Year 10, we will report the relevant findings
from new cell line cultures developed over the past four years as part of the
CTSA Disease Management project. A minimum of three review articles will
be submitted for publication in peer-reviewed journals, detailing the establish-
ment and characterization of cell lines established during the past four years.

3. Conduct a minimum of six classes, focusing on fish health and best manage-
ment practices. Transfer of this information will be done on-site in the class-
room with the use of lectures, videos, and handouts.

4. Identify the life stage of Cryptocaryon irritans (host-associated or free-swim-
ming) best suited for generation of an expression library for use in an immuni-
zation protocol for Pacific threadfin (moi) and initial characterization of Pacific
threadfin (moi) antibodies. The initial findings from this research will be pub-
lished in a short article in the CTSA Regional Notes newsletter.

5. Continue providing diagnostic support, pathogen testing, and disease
surveillance services to fish and shrimp farms and commercial hatcheries
in Hawaii.

Ectoparasites have been the cause of mass mortality and impaired fish health at
aquaculture facilities in Hawaii. Formalin and copper have long been the chemicals
of choice to treat infestations of parasites in fish populations. Hydrogen peroxide is
emerging as a chemical that has the same effectiveness as formalin in treating ecto-
parasites. A number of farmers in Hawaii have used hydrogen peroxide to treat for
parasites. These farmers would rather use this chemical than formalin, due to the
rather innocuous byproducts released by hydrogen peroxide and the fact that us-
ing hydrogen peroxide does not deplete oxygen in the rearing tanks. An estab-
lished long-term/low-dose treatment using hydrogen peroxide, similar to the 25
ppm, long-term treatment that is available with formalin, could provide the aquac-
ulture community with more than one ectoparasite treatment option. In addition,
the documented results could aid in the Investigational New Animal Drug (INAD)
process for hydrogen peroxide as a tool for aquaculturists everywhere.

Farmers have few
treatment options to
combat ectoparasites,
and hydrogen peroxide
will be tested as a safer
alternative to formalin.

Anticipated Benefits
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Viruses are important pathogens to many species of aquacultured fishes. Increas-
ingly, new diseases have been encountered in groups of ornamental fishes
imported into Hawaii that may have a viral etiology. Appropriate cell lines are
necessary for the cultivation and isolation of pathogenic viruses from aquaculturally
important fishes. Without appropriate cell culture systems, the development of
preventative strategies for viral diseases and the inspection of batches of juvenile
fish for health certification are severely limited. Homologous fish host cell lines are
an essential first line of defense for the detection and surveillance of viruses impor-
tant to fish health programs.

Ornamental fish health classes have been conducted for the past six years. The
classes have concentrated on identifying disease through fish behavior and the use
of a microscope. In Year 10, we modified these classes and focused each work-
shop on the product being raised by the attendees. The workshops were geared
towards the producers of food fish, ornamental fish, and shrimp. Similar to what
had been taught in the past, the classes still focused on disease identification and
prevention, but concentrated more specifically on problems that may be encoun-
tered in each type of aquaculture and emphasized best management practices.
This allowed for more streamlined information dissemination to farmers.

Cryptocaryon irritans is a ciliated parasite known to cause heavy mortalities in
many fish species in marine aquaculture and in private aquaria. Currently, the most
effective control measure involves the repeated transfer of fish from tank to tank, a
practice that is labor-intensive as well as extremely stressful to the fish. Transfer in
this fashion is meant to interrupt the life cycle of the parasite, which possesses
host-associated (trophont) and non-host-associated (tomont and theront) stages.
One of the most recent developments in DNA vaccinology is expression library
immunization (ELI), an elegant method that has been successfully employed in
mammalian models to generate resistance and immunity to Mycoplasma pulmonis
(Barry et al., 1995), Taenia solium (Manoutcharian et al., 1998), and Leishma-
nia major (Piedrafita et al., 1999). The utility of this method over other forms of
DNA vaccination is its application against pathogens for which we have no prior
knowledge of the proteins encoded by the genome or their relative antigenicity.
Additionally, it has the potential to screen every gene in the genome of a parasite/
pathogen. It is anticipated that using this method for vaccine development will
allow us to identify candidate protein antigens that stimulate a protective immune
response in aquacultured species of interest, such as moi, to minimize losses to
producers.

The overall benefits of the Disease Management in Hawaiian Aquaculture project
are to provide disease diagnostics development and support, aquaculture disease
and best management practices education, and development of vaccines or other
strategies to manage disease outbreaks in Pacific aquaculture.

Cell lines will be used
as laboratory tools for
disease diagnosis.

Animal health classes
give farmers the
knowledge and skills
to better manage
their farms.

Development of a
Cryptocaryon vaccine
would enable farmers
to control this deadly
parasite.

Critical diagnostic
services will continue
to be provided.
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Work Progress and Principal Accomplishments

Objective 1: Establish a low-dose, long-term treatment for
ectoparasites, using hydrogen peroxide in a treatment regime
similar to that which is available for formalin. Efficacious and safe
treatment levels of hydrogen peroxide will be established for three
species of fish, Chinese catfish (Clarias fuscus), tilapia, and the
yellow tang (Zebrasoma flavescens). Articles will be published in
the CTSA Regional Notes newsletter, detailing the efficacy of
hydrogen peroxide on the three fish species listed.

Three trials were conducted to test the efficacy of a long-term, low-dose hydrogen
peroxide treatment for two types of parasites, Trichodina sp. and Gyrodactylus
sp. Three fish species were selected for this trial: the striped snakehead (Channa
striatus), the African cichlid (Sciaenochromis fryeri), and the Chinese catfish
(Clarius fuscus). Selected fish were chosen for this study based on the clinical
signs of ectoparasite infestation. A total of 20 fish were separated into four groups
of five fish for each trial: a control group (no treatment) and three treatment groups
(25 ppm, 50 ppm, and 75 ppm hydrogen peroxide).

Mucus scrapings were collected from each fish, then placed on a glass slide in a
drop of fresh water and examined at a magnification of 40x. For each sample, the
entire mucus scraping was examined and the total number of parasites observed
on the slide was counted and recorded. Each fish was then placed into its treatment
container. Hydrogen peroxide was added to each treatment container to reach the
experimental dosage levels of 25, 50, and 75 ppm hydrogen peroxide. After a 24-
hour period, the water in all containers was replaced with clean fresh water. Mucus
scrapings were again collected from each fish, post-treatment wet mount exams
were conducted, and parasite numbers, if any, were again recorded.

Results

Striped Snakeheads: The pre-treatment levels of Trichodina sp. on the 20 fish
examined averaged 3.65 per mucus scraping (Table 1). The post-treatment counts
averaged 21.4 in the control group, 6.8 in the 25 ppm group, 5.8 in the 50 ppm
group, and 8.6 in the 75 ppm group. There were no post-treatment mortalities
observed in any of the snakeheads.

African Cichlids: The pre-treatment levels of Trichodina sp. on the 20 fish
examined averaged 195.8 per mucus scraping (Table 2). The post-treatment counts
averaged 200 in the control group and 0 in the 25 ppm, 50 ppm group, and 75
ppm groups. Mortalities were observed in all treatments: 20% mortality in the 25
ppm hydrogen group, 60% in the 50 ppm group, and 80%, in the 75 ppm group.

Results indicate that a
low dose hydrogen
peroxide treatment of
25 ppm can be effec-
tively used to treat
ectoparasites on
African cichlids, but
not on striped snake-
heads or Chinese
catfish.



5December 2004

Disease Management

Chinese Catfish: The pre-treatment levels of Gyrodactylus sp. observed on the
Chinese catfish averaged 9.5 per mucus scraping (Table 3). The post-treatment
counts averaged 6.0 Gyrodactylus sp. in the control group, 10.0 in the 25 ppm
group, 5.0 in the 50 ppm group, and 0 in the 75 ppm group. There were no post-
treatment mortalities observed in any of the catfish.

The results from this study indicate a long-term, low-dose hydrogen peroxide
treatment of 25 ppm can be an effective treatment for ectoparasites on African
cichlids and perhaps other similar species of fish. However, ectoparasites on striped
snakeheads and Chinese catfish are more difficult, if not impossible, to treat using
such a low dose of hydrogen peroxide. This may be due to the high levels of mucus
present on the skin of these air-breathing fishes. Both of these species are able to
tolerate rather high doses of this chemical for a prolonged period of time without
adverse effects. However, the highest treatment level administered during these
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trials (75 ppm) was ineffective in removing Trichodina sp. from the striped
snakehead.

 A total of 14 cell lines have been established from eight different fish in the past
four years. Of these newly established cell lines, we have fully characterized the
three snakehead-derived ones (SHMS, SHSB, and SHHT) and the two omilu-
derived ones (OMMS and OMF). Two manuscripts have been submitted for
publication. Due to the limited funding, our current study has been focused on
propagating and characterizing the other cell lines. Cells stored in liquid nitrogen
(N2) were recovered for growth using different media. We also performed trypan
blue exclusion assays to examine the stability of cells stored in N2. We demonstrated
that preserved cells are stable for storage (>1.5 years), and recovered cell viability
ranged from 83 to 94%. When reseeded in tissue culture flasks, some cells,
including those derived from goldfish, were able to attach and grow quickly and
formed cell monolayers within a few days (<4 days). However, other cells, such as
the ones derived from angelfish, showed very slow growth and took a much longer
time (>20 days ) to form cell monolayers. This variation in cell viability and
subsequent growth may reflect the differences in growth phase at the time these

Objective 2: Complete the work on fish cell lines already
established and in passage. Immortalize and maintain the cell lines
for the identification of viral disease in both aquacultured and
wild fish. During Year 10, we will report the relevant findings from
new cell line cultures developed over the past four years as part
of the CTSA Disease Management project. A minimum of three
review articles will be submitted for publication in peer-reviewed
journals, detailing the establishment and characterization of cell
lines established during the past four years.

This study is focused
on the continued
propagation and
characterization of
the cell lines estab-
lished in previous
project years from
eight different fish.
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cells were preserved, in addition to the differences in host animals and cell types.
In addition, we have continued to subculture and pass the cells in vitro. Some cell
lines have been subcultured up to 32 times and have reached a more stable growth
condition. Currently, we are testing these cells for optimal growth, particularly the
cells derived from goldfish and moi, and for their sensitivity to several fish viruses
available in this laboratory. Experimental findings from these studies will be essential
for a better use of these cell lines in the future and will also form baseline data for
our future manuscript preparations.

Objective 3: Conduct a minimum of six classes, focusing on fish
health and best management practices. Transfer of this
information will be done on-site in the classroom with the use of
lectures, videos, and handouts.

Four disease prevention classes were held during this reporting period. Two classes
focused on the use of best management practices to reduce disease in cultured
shrimp populations. The first workshop was held on April 12, 2004 at Maui
Community College on Molokai, and the second was held on May 1, 2003 at
Windward Community College on Oahu. These two lecture classes were taught
with the aid of a PowerPoint presentation. The other two classes focused on
preventing disease in food fish and ornamental fish. These two workshops were
held on July 24, 2004 in Hilo and on August 14, 2004 on Oahu. These two classes
were taught with the aid of a PowerPoint presentation and included a component
involving hands-on dissection and microscopic examination of fish.

Objective 4: Identify the life stage of Cryptocaryon irritans (host-
associated or free-swimming) best suited for generation of an
expression library for use in an immunization protocol for Pacific
threadfin (moi) and initial characterization of Pacific threadfin (moi)
antibodies. The initial findings from this research will be published
in a short article in the CTSA Regional Notes newsletter.

After perfecting a technique to allow us to culture C. irritans in the laboratory
routinely, it was determined that genomic DNA rather than cDNA from either the
host-associated or free-swimming stage of the parasite would be the easiest and
most reliable source of genetic material for the project. Genomic DNA has been
isolated from Cryptocaryon and is currently being used to produce an expression
library for this parasite. Although we have collected serum from other Hawaiian
species (opakapaka, tilapia, and sergeant majors) that have been experimentally
infected, plus baseline control serum samples for reference, we have not yet
conducted any experiments using moi. This has been delayed due to the renovation
of the wet-laboratory facility we will use to house these fishes. It was decided to
hold off bringing moi into the facility since they must grow out for a period of time
prior to use in vaccination/challenge experiments, and at this time we do not have

Project staff conducted
four classes geared
toward producers of
shrimp, ornamental
fish, and food fish.

Genomic DNA isolated
from Cryptocaryon is
being used to produce
an expression library.
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Work Planned

Most of the work proposed for Year 10 has been completed. Mrs. Dee Mont-
gomery Brock is currently on sabbatical and will return to work on funded Year 11
Disease Management projects in April 2004. Dr. Lu has completed the proposed
cell line work and will provide a final summary to the CTSA Regional Notes
newsletter as described above. The C. irritans vaccine development project will
continue into Year 11, and we will initiate vaccination/challenge trials in the spring
of 2005.

the capability to maintain fish in parasite-free water. Once we are able to complete
the renovations (December 2004), we will complete this objective early in Year 2
of the experimental plan (Year 11 of the CTSA Disease Management in Pacific
Aquaculture project). Currently, we do not have enough data to report in the
CTSA Regional Notes, but we anticipate submitting an article in the spring of
2005 as we begin our ELI (expression library immunization) vaccination trials.

Objective 5: Continue providing diagnostic support, pathogen
testing, and disease surveillance services to fish and shrimp farms
and commercial hatcheries in Hawaii.

During the period covered by this report, there were 247 case submissions to the
Disease Prevention Program. A total of 78 trips were made into the field, 140
individuals or organizations received assistance from this project, and 154 histology
blocks and slides were prepared during this reporting period. In addition, 30 samples
were submitted for the culture, isolation, and identification of bacteria.

During the reporting period, surveillance sampling for shrimp pathogens was carried
out on shrimp samples collected from 19 facilities in Hawaii. The following shrimp/
prawn species were evaluated: Litopenaeus vannamei, L. stylirostris, Penaeus
chinensis, P. monodon, P. japonicus, and Macrobrachium rosenbergii. The
samples were evaluated using histology or PCR. A total of 243 documents certifying
the health of shrimp or fish exported from Hawaii were generated during this reporting
period.
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The following estimates of the economic impact made by this project were pro-
vided by staff from the companies that received assistance from this program.
These estimates are based on the known or expected gain, or the reduction in the
anticipated loss, once the problem was brought under control. In each case, our
recommendations for control were the result of our evaluation of the problem in
the field, trials or studies conducted in the field, and our interpretation of the labo-
ratory results. In the highlighted examples, the farm personnel implemented the
strategies that were recommended. To a great extent, the success of a given strat-
egy reflects their efforts. These examples demonstrate the positive outcome that
has resulted from the good relationship that the Disease Management project en-
joys with the aquaculture community in Hawaii and the Pacific Islands.

The impacts of development of cell lines from Hawaiian fish will be made apparent
in the future as cell lines from moi and omilu, as well as other cell lines currently
being established or planned in future experiments (i.e., Chinese catfish and kahala)
are used for viral disease diagnostics. Successful development of a vaccine for C.
irritans will allow for management of this problem parasite. This parasite affects
many marine finfish species of economic importance in aquaculture and the aquarium
trade. The development of a successful vaccine will benefit both industries by
limiting the losses that traditionally occur due to Cryptocaryon in cultured fish
populations.

Impacts

Estimated economic impact

Problem Benefit (Gross Income)

Control of an external bacterial
infection on freshwater ornamental fish $4,000

Control of an external bacterial
infection on freshwater food fish $30,000
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