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Disease Management in Hawai-
ian Aquaculture, Year 9

Objectives

1. (a) Establish cell lines from Pacific threadfin (moi) for use in the isolation and
early detection of pathogenic viruses and (b) early detection of pathogenic
viruses in moi and other marine and freshwater fish.

2. Test frozen commodity shrimp for selected shrimp viruses.

3. Investigate the relationship between commercially raised moi and fatty livers
through the use of  on-farm surveys.

General Information

September 1, 2002–July 31, 2004 (final report)Reporting Period

Year Amount
6 $51,934
7 $81,991
8 $67,902
9 $89,529

TOTAL $553,156

Year Amount
1 $41,638
2 $63,725
3 $45,956
4 $44,030
5 $66,451

Funding Level
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Principal Accomplishments

Objective 1a: Establish cell lines from Pacific threadfin (moi) for
use in the isolation and early detection of pathogenic viruses.

Primary moi cell culture: To develop a protocol for establishment and growth of
moi cells in vitro, we tried two times to initiate primary cell cultures from moi.

For the first cell culture trial, we used three young-aged fishes (40+5 g) with healthy
appearances. We were able to collect snout and fins for primary cell culture, but
not internal organs because of the small size of the donor fishes. Following the
treatment in antibiotics incubation medium for two hours at room temperature
(23+1°C), tissue fragments were minced into small pieces and seeded in cell culture
flasks to allow tissue explants to attach and grow. Both media, L15 and M199,
were supplemented with 20% fetal bovine serum (FBS) and growth factors.
Initiation of cell growth was observed around the edges of some seeded explants
at day 4 of incubation at 25°C. Cell numbers increased during the following week,
but were very limited mainly due to limited tissue specimens.

The second moi cell culture trial was conducted with the use of three big fish (150
g). We collected snout, fins, heart, and kidney for primary culture this time. Using
the same explant culture method and cell culture media as the first time, we were
able to see the cell growth from snout and fins at day 4 of incubation and from
kidney and heart at day 7. Primary snout and fin cells grew rapidly this time and
formed some cell colonies by day 8, while cells derived from heart and kidney
grew rather slowly.

Subculture of moi cells: Since the initiation of the primary culture of moi in
September 2002, two cell lines have been established from this fish, including the
cell line derived from snout (MoiSN) and fins (MoiFN).  These cells grow well at
25°C in medium L15 supplemented with 20% FBS and various antibiotics. The
MoiSN and MoiFN  grew more slowly in comparison to other fish cell lines, such
as epithelioma papulosum cyprini (EPC). However, these two moi cell lines have
been subcultured 28 and 34 times, respectively, without any apparent morphological
alternation.

Two cell lines have
been established from
Pacific threadfin (moi).

4. Continue to provide diagnostic support, pathogen testing, and disease
surveillance services to fish and shrimp farms and commercial hatcheries
in Hawaii.
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Characterization of moi cell lines: We have preserved some early stages of
moi cells in liquid nitrogen, and these cells exhibit a high stability (>90%) for storage
at –196°C.

Morphological examination of established moi cell cultures revealed that moi snout
cells are fibroblastic while fin-derived cells are a mixed cell population containing
both epithelial and fibroblastic cells.

Comparison of two cell culture media, L15 and M199, used in this study showed
that the former is superior to the latter in terms of initiation of primary cell growth
and subsequent cell proliferation. The growth of these moi-derived cells is serum-
dependent; cells grow optimally at 25°C in medium L15 supplemented with 20%
FBS and epidermal growth factor (50 ng/ml).

In Year 10, we plan to further characterize these two cell lines in terms of their
biological properties. This work will include testing for viral susceptibility and
genomic typing (chromosomal analysis and moi gene amplification, i.e., 16S rRNA).

Objective 1b: Early detection of pathogenic viruses in moi and
other marine and freshwater fish.

Omilu fish (Weight 148 g, BL 18 cm, BH 7.8 cm , Case # 02-146): Two new cell
lines derived from body muscle (OMM) and fins (OMF) of omilu, also known as
bluefin trevally (Caranx melampygus), have been established and fully
characterized in terms of their optimal growth and other biological properties.
Primary culture of these cells was conducted at 25°C using L15 medium
supplemented with 20% FBS and various antibiotics.  These cells have been serially
subcultured 17–19 times since their initiation on June 25, 2002.  Growth of the
omilu  cells was serum-dependent, and their plating efficiencies ranged from 11 to
28.2%.  Comparative analysis showed that these omilu  cells grew equally well in
the media L15, RPMI 1640, M199, and MEM, which are commonly used for
cultivation of animal and mammalian cells. Examination of the early passage cells
stored at –196°C revealed a large percentage (nearly 98%) of cells were viable
following a six-month storage in liquid nitrogen.  Karyotyping analysis indicated
that these omilu-derived cell lines remained diploid with a chromosome count of
48 at their early passage (passage 7–12).  These cell lines shared the same pattern

Two cell lines have
been established from
bluefin trevally (omilu).

Although we were able to grow cells from heart and kidney at the primary culture,
these cells did not grow well, and we were not able to subculture these cells.  It
may be necessary to use larger moi as organ or tissue donors in order to establish
cell cultures from kidney and heart. In addition, growth factors including epidermal
growth factor, fibroblast growth factor, and transformational growth factor, will be
added to the media to enhance the establishment of other moi cell lines in the
future.
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Chinese catfish fry (Weight of ten specimens ranged from 0.12 to 0.69 g,  Case
# 03-186): Several Chinese catfish fry were submitted from a farm where the fish
were experiencing mortalities caused by an unknown disease.  Infected animals
showed unusual swimming behavior associated with an infection in the central
nervous system. Since viral infections can occur in the brains of fish, we felt it was
important to rule out the possibility that a viral pathogen was responsible for this
disease.

No viral-induced EPC were observed during the course of the infection period
(three weeks), and both infected and control cells looked the same. To confirm
this observation, the infection assay was repeated once more using unfiltered
homogenate. We observed the cytotoxic effect when the undiluted sample was
inoculated, and cells became detached and began floating. The EPC cells infected
with diluted specimens showed no cytotoxic effect, and they looked like the control
cells inoculated with MEM-0.

Our experimental results clearly showed that no virus was detectable when EPC
cells were used for virus isolation. These data may suggest that a virus is not
responsible for causing the disease and mortality. However, EPC cells are not the
most permissive cell line for the primary isolation of the virus. It would be better if
cell lines derived from catfish could be used.  We do not have these cell lines
available at this time in our laboratory.

Objective 1c: Detection of virus associated with a tumor disease
in angelfish.

Angelfish (Weight 4.44 –6.68 g, Case #04-129): Formation of tumors on the
snouts of angelfish is a newly recognized disease in Hawaii. Although the affected
animals look healthy and there is no apparent mortality associated with the disease
itself, the disease does have a severe impact on the animals’ daily life activities. It
becomes potentially lethal as the size of the tumors increase. Since several types of
viruses can cause tumors in different hosts, we wanted to conduct tests to determine
whether a virus could be the cause of the disease. Two fish with tumors were

Preliminary data
suggest that a virus is
not responsible for the
unknown disease
afflicting Chinese
catfish on a local farm.

of viral susceptibility. They were sensitive to five fish viruses (infectious
haematopoietic necrosis virus [IHNV], infectious pancreatic necrosis virus [IPN],
spring viraemia of carp virus [SVCV], snakehead rhabdovirus [SHRV], and viral
hemorrhagic septicemia [VHSV]) and refractory to channel catfish virus (CCV)
in this study. These newly established cell lines will be used for isolation, study, and
identification of pathogenic viruses causing viral diseases in this animal and other
marine fish cultured in Hawaii. A manuscript titled “Establishment, growth, and
preservation of two cell lines derived from muscle and fins of omilu fish (Caranx
melampygus)” has been submitted to In Vitro Cellular and Developmental
Biology - Animal.

Although no virus has
yet been identified as
the cause of tumors in
angelfish, further
research is being
conducted.
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sacrificed, and tissue from the tumors, plus other tissue and organ samples were
collected for viral study. Two types of viral assays are being conducted: (1) cell
culture assay and (2) transmission electron microscopic examination. No virus has
been detected to date. Outside of the realm of this project, more cell lines are
being used for virus isolation, including cells derived from angelfish. In addition,
genomic DNA will be extracted from the tumors and other tissues of diseased fish
and amplified using degenerate PCR primers designed from conserved regions of
tumor viruses (such as herpesvirus, papillomavirus, and retrovirus) to determine if
these viruses are pathogenically associated with the tumor disease.

Examination of thin sections of tumor and connective tissues from the affected
angelfish has revealed no viral particles thus far. Further examination of more sec-
tions will be performed to ascertain whether viral particles can be identified. It
should be noted that TEM is not a sensitive method for viral detection. Negative
results from TEM cannot prove that the disease is not virus-associated.

Attempted isolation of the angelfish virus has so far been done using EPC cells
only, and no virus has been isolated from the infected culture. Since EPC is a carp-
derived cell line, it is therefore not a sensitive cell line for isolation of the angelfish
virus. We are currently employing an angelfish cell culture to isolate the virus. We
had wanted to use angelfish cell cultures to begin with, but they had not yet been
completed because the cell cultures grew at a slow rate. It is necessary to optimize
the conditions for angelfish cell cultures and to use the cells at exponential growth
phase to best facilitate our attempt to isolate the virus.

We are currently isolating genomic DNA from the tumors and other tissues of the
angelfish. We are also designing and acquiring degenerate PCR primers for sev-
eral different viruses, which will be used for amplification and detection of viruses
associated with the disease.

Objective 2: Test frozen commodity shrimp for selected
shrimp viruses.

Commodity shrimp sold in Hawaii were tested to clarify if they might be a possible
source of shrimp pathogens introduced into Hawaii. As of October 27, 2003, 11
samples of chilled and frozen shrimp were collected from various locations on
Oahu. Chilled (previously frozen) Penaeus  monodon samples were collected
from three separate vendors in Chinatown. The other eight samples were collected
from the seafood sections in Foodland Super Market, Star Market, and Safeway
Food and Drug. Two of these eight samples were from previously frozen
Litopenaeus vannamei from Mexico. The sample of frozen (peeled) shrimp
collected from Star Market was from an unknown species of shrimp originating
from China. The shrimp collected from Safeway Food and Drug were P. monodon
that originated from Thailand.
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Five shrimp per vendor were selectively chosen for shrimp viral screening, based
on the gross appearance of the shrimp, i.e., discoloration or small harvest size,
suggesting an emergency harvest due to the presence of disease. For the first
sampling conducted on the commodity shrimp from Chinatown, the shrimp were
pooled into groups of five separate shrimp samples per vial, and the samples were
preserved in 95% ethanol. For the commodity shrimp sold in the local supermarkets,
individual shrimp were placed into separate vials and also preserved in 95% ethanol.
The samples were submitted to the diagnostic laboratory at the University of Arizona
in Tucson, Arizona for PCR assay, using Office International des Epizooties (OIE)
approved diagnostic procedures. A total of 22 vials containing shrimp tissues were
submitted for PCR assay. The PCR results are listed in Tables 1a and 1b.
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Objective 3: Investigate the relationship between commercially
raised moi and fatty livers through the use of on-farm surveys.

A total of 50 moi from three separate sites were examined. The livers from each
individual fish were grossly analyzed for fat content. Each fish was then weighed
and the livers dissected out from the fish. Individual livers were then weighed and
the liver/somatic weight ratio was determined for each fish. The results from this
survey are listed in Table 2.

The feed/growth studies were completed at the Anuenue Fisheries Research Center.
Two 12-ft tanks were stocked with 20 moi each. The fish in one tank were fed a
standard Moore Clark diet with a fat content of 9.6 mg/100 mg. The other group
of fish was fed the Moore Clark diet coated with Menhaden fish oil, increasing the
fat level to 14.5 mg/100 mg.  The fatty acid profiling on these feeds was conducted
at the University of Hawaii’s Department of Animal Science, under the supervision
of Dr. Harry Ako. (See Table 3 for fatty acid profiles of the treated and control
feeds).
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This trial lasted for four months. The fish were sacrificed and weighed. The higher
fat diet group showed a 6% increase in overall weight when compared to the
control diet. However, the liver somatic weight index was slightly lower in the
group fed the higher fat diet. The results from this trial are listed in Table 4.

In addition, a blind taste test was conducted. The purpose of this trial was to
determine if the fish with higher fat in their system had an improved flavor, due to
the higher fat content in the fish. The volunteers all agreed that there was no difference
in the taste between the two groups. All participants graded both groups of fish as
“firm and moist in texture and equally delicious in flavor.”
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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

Impacts

Objective 4: Provide diagnostic support, pathogen testing, and
disease surveillance services to fish and shrimp farms and
commercial hatcheries in Hawaii.

During this project year, there were 445 case submissions to the Disease Prevention
Program. A total of 99 trips were made into the field. Thirty-eight individuals or
organizations received assistance from this project, and 630 histology blocks and
slides were prepared. In addition, 102 samples were submitted for the culture,
isolation, and identification of bacteria.

Surveillance sampling for shrimp pathogens was carried out on shrimp samples
collected from 12 facilities in Hawaii. The following shrimp/prawn species were
evaluated: Litopenaeus vannamei, L. stylirostris, Penaeus monodon, and
Macrobrachium rosenbergii. The samples were evaluated using histology or PCR.
A total of 4,227 shrimp were evaluated.

A total of 385 documents certifying the health of shrimp or fish exported from
Hawaii were generated during this project year.
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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.

Estimated economic impact

Problem Benefit (Gross Income)

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

Control of an outbreak of Gyrodactylus
sp. ectoparasites on tilapia and koi $200,000

Montgomery-Brock, D. R., R. Y. Shimojo, and K. Cochrane. 2003. Increased
water temperature improves survival of TSV-exposed shrimp. Global Aquac-
ulture Advocate 6(4).

Zhao, Z., D. Montgomery-Brock, C.S. Lee, and Y. Lu. In press. Establishment,
characterization and viral susceptibility of 3 new cell lines from snakehead
Channa striatus (Blooch). Methods in Cell Science.

Zhao, Z., D. Montgomery-Brock, C.S. Lee, and Y. Lu. In press. Establishment,
growth and preservation of two cell lines derived from muscle and fins of omilu
fish (Caranx melampygus). In Vitro Cell Dev. Biol. Animal.
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