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At the present time there are only five compounds approved by the Food
and Drug Administration for use in aquaculture species, and only four of these are
commercially available  Table 1!. These compounds are limited to use in approved
species  usually catfish and salmonids! for specific indications  Table 1!. In addition
to FDA-approved products, certain products approved for use on aquatic sites by
the Environmental Protection Agency  EPA! have also been used in aquaculture.
These products and approved uses have been summarized by Schnick et al. �989!.
Rapid growth of aquaculture industries coupled with loss of commercial availability
of several approved compound has resulted in a crisis on availability of aquaculture
therapeutics  Meyers, 1989!.

At the present time extra-label drug use is critical for meeting the
therapeutic needs of many aquaculture industries. The Food Animal Residue
Avoidance Databank  FAIUW! was developed to aid veterinary practitioners and
producers in making responsible decisions concerning extra-label drug use in food
animals. FARAD programs have been developed for the dairy, pork, and beef
industries. These programs are presently being adapted for use by aquaculture
industries.
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The FARAD system consists of a computerized database which includes
information on product name, active ingredient, manufacturer, registration
number, approved species, indications, dose, route of administration and relevant
pharmacokinetic data. Both FDA- and EPA-approved products are included in the
FA14V3 database. FAIUU3 has been used to gauge withdrawal times for extra-
label drug use in food animals. Aquatic food animals are ectothermic and
consequently their metabolism is greatly influenced by environmental conditions.
It is uncertain how accurate predictions of drug withholding times will be in
aquaculture species.

Advantages of the FARAD systc;m include development of a central
repository of information on drugs, species, dosage, route of administration and
pharmacokinetics. This information can then be accessed by fish health
professionals for development of Investigational New Animal Drug  INAD!
applications and in addressing concerns such as crop-grouping. The information
will also be useful in developing Quality Assurance plans for aquaculture species.

At the present time information on 313 scientific papers and 345 labels of
EPA registered products have been entered into the FARAD aquaculture database.
This information includes the five FDA-approved products listed in Table 1 and
all pesticides approved by EPA for use on aquatic sites. Although 345 products
have been approved by EPA for use on aquatic sites, these products represent only
14 different active ingredients.

At the present time there are three regional access centers for FARAD
assistance. They are located at the University of California at Davis  916 752-7507!,
the University of Illinois �17 333-6731!, and the University of Florida  904 392-
9085!. Presently the University of Florida is the only location prepared to answer
questions concerning aquaculture species. It is hoped the aquaculture FARAD
program will be on line late in 1993 and the program will be distributed nationally
through state aquaculture extension specialists and extension veterinarians.

Meyers, F. P. 1989. Solutions to the shortage of approved fish therapeutants.
Journal of Aquatic Animal Health. 1:78-80.

Schnick, R. A., Meyers, F. P., Gray, D. L. 1989. A gran'de to approved chemicals
in fish production and jisbery resource management. U.S. Fish and Wildlife
Service and University of Arkansas Cooperative Extension Service, Little
Rock, AR MP-241, 27 pp.
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Table 1. Drugs approved for aquaculture use by the Food and Drug
Administration.

No longer available commercially
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There are a number of immunoassays that are commercially available for
screening animal tissues for violative residues of the antibacterial compounds used
in agriculture. Of interest to the US aquaculture industry are screening tests for
the detection of sulfonamides and tetracyclines and in particular assays to detect
sulfadimethoxine and oxytetracycline. These are the active ingredients of Romet
and Terramycin. There are also a number of immunoassays available for several
other classes of drugs that might possibly be used to screen imported fish for
residues of drugs that are used in other countries. These include immunoassays for
penicillins such as ampicillin; those for aminoglycosides such as neomycin,
gentamicin, kanamycin and others.

There are at present several immunoassays that are commercially available
for the detection of sulfadimethoxine as a residue in animal derived foods. These

tests are marketed primarily for the detection of sulfadimethoxine in milk. Some
also have label claims for sulfadimethoxine residue detection in tissue extracts, feed

extracts, urine, plasma, and other tissues. However, most are marketed for the
detection of residues in milk because this is the largest market. Our interest was
whether these tests could be adapted for use as screening methods for detection of
sulfadimethoxine at tolerance levels in channel catfish muscle.

We examined four commercially available ELISA tests that are provided in
a kit format. The first test we examined was the Signal test which is marketed by
SmithKline Beecham Animal Health of Exton, PA. This is actually a test for the
detection of sulfamethazine residues. However, we demonstrated that this test
cross-reacts with a number of other sulfonamides, including the compound we are
interested in, sulfadimethoxine. It can be used quantitatively as a detection
method for sulfadimethoxine.

International Diagnostics Systems Corporation of St. Joseph, MI recently
introduced a sulfadimethoxine detection test called the Sulfadimethoxine One Step
ELISA. Another test, the CITE test marketed by IDEXX Laboratories of
Westbrook, ME, is a test for the detection of sulfadimethoxine and two other
sulfonamides as residues in milk. Environmental Diagnostics, Inc. of Burlington,
NC markets the EZ-Screen sulfadimethoxine test for the detection of

sulfadimethoxine residues in a variety of matrices. We will now look at the
performance of these four tests for detecting violative sulfadimethoxine residues
in catfish muscle.
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The first two tests, the Signal and the International Diagnostics Systems
assays, are Microtiter-well based assays that have antibody coated to the wall of the
well. This is the typical ELISA format that many of you are familiar with. The
other two assays, the CITE and the EZ-Screen tests, are membrane-based ELISA's
in which the antibody is coated to a permeable membrane instead of to a well
surface. All four of these tests are based upon the principle of competitive enzyme-
linked immunoassay. We wanted to see if these tests could be used for detection
of violative levels of sulfadimethoxine in channel catfish muscle. Since most of

these tests are designed to be used with a biological fluid, such as milk, we needed
a method of extracting the compound we were interested in, sulfadimethoxine,
from the muscle tissue.

I would like to look at a study done at LSU where we extracted the
compound from catfish muscle and used the extract to evaluate four enzyme
immunoassays as methods for detecting residues of sulfadimethoxine in muscle.
So we first needed a means of extracting the drug from catfish muscle. We chose
an extraction technique called Matrix Solid Phase Dispersion or MSPD. This is a
recently introduced method that performs a simultaneous disruption of tissue
structure and dispersion of the sample over a large surface area. It combines the
shearing forces generated by grinding the sample with a irregularly shaped particle
with the lipid solubilizing effect of a polymer bound to the surface of the particle.
This results in a mechanical disruption and dispersion of the tissue and a
dissolution of cell membranes with release of cellular contents. This provides a
very exhaustive extraction of the tissue including the intra-cellular contents. The
resulting tissue-particle blend can be placed in a chromatographic column and the
compound of interest eluted from the column using various solvents or solvent
sequences. For sulfadimethoxine, eight m1's of dichloromethane was used to elute
the compound from the column.

This extraction technique requires no special equipment- A laboratory
mortar and pestle for grinding the sample and a column fashioned from a
disposable ten ml syringe barrel. The syringe barrel is fitted with a paper filter
placed in the distal end of the column and another paper filter placed on top of the
tissue-particle blend to secure the blended material in place within the column.
The syringe plunger is modified by removal of the rubber tip and is used to pack
the column to a volume of about 4.5 ml. A bulb syringe is used as needed to
provide positive pressure to the head of the column to maintain flow rate through
the column.
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The general MSPD procedure uses one-half gram of sample combined with
two grams of a particulate material, octadecylsilyl-derivatized silica, which is
commonly referred to as C-18. C-18 is a silica particle with a lipid-solubilizing
polymer covalently bound to its surface. The silica particle provides solid support
and has a very large surface area coated with lipid solubilizing polymer. The tissue
and C-IS are blended using a mortar and pestle, the blend transferred to and
packed in the syringe barrel used as a column, and the compound we are interested
in eluted using a appropriate solvent.

In the case of catfish muscle, one-half gram of muscle is placed on 2 grams
of C-18 in a mortar and the two blended with a pestle. A gentle circular motion
is used and requires about I minute to achieve a homogenous blend of tissue
components dispersed uniformly over the particles' surface. Two grams of C-18 has
a surface area of around 1000 square meters; so you get a quite exhaustive
extraction using small volumes of solvent. The blended material is packed into the
column, compressed to a volume of around four and one-half ml's, and
sulfadimethoxine eluted using eight ml's of dichloromethane. The
dichloromethane is evaporated and the eluent reconstituted in 0.5 ml of buffer
appropriate for the particular KLISA used.

Once we have the compound isolated from the muscle and in a buffer
solution we can now use this extract to evaluate the performance of the ELISA's
for identifying tissues containing illegal residues. In the study to evaluate these
tests we examined test performance at five concentrations of sulfadimethoxine in
channel catfish muscle. The FDA tolerance for sulfadimethoxine is 100 parts per
billion; so we looked at concentrations of 0, 25, 50, 100, and 250 PPB
sulfadimethoxine. These concentrations are all close to tolerance. So this was a
very rigorous examination of the ability of these tests to identify samples
containing 100 PPB or more sulfadimethoxine. Test results were qualitative; either
positive or negative for tissues containing sulfadimethoxine at greater or less than
tolerance.

The first test we looked at was the Signal test. This is actually a test for
sulfamethazine but it also cross-reacts with sulfadimethoxine. This test was used

because no Microtiter well based assays were available for sulfadimethoxine at the
time. This test is furnished as a kit containing all necessary components. This slide
illustrates the Microtiter well format. Results were determined by a comparison of
the relative color development of a negative control well to a sample well. The
negative control well is on your left and wells containing positive extracts on the
right; one at 100 PPB and the other at 200 PPB sulfadimethoxine. An optical
density reader was used to provide quantitative results.
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The other microtiter well based test we examined was the International

Diagnostics Systems test. This test is marketed specifically for detection of
sulfadimethoxine residues. The test format and protocol are identical to the Signal
test but the relative degree of color difference between the positive and negative
wells is much greater than with the Signal test since this is a test specifically for
sulfadimethoxine.

Two membrane based ELISA's were also evaluated. The EZ-Screen test is

marketed by Environmental Diagnostics of North Carolina for the detection of
sulfadimethoxine residues in milk and other tissues. It is furnished as a kit and

uses the Quik-Card format. The Quik-Card is a plastic card with two test ports,
a control port and a sample port, each containing a membrane coated with
antibody. This slide illustrates the visual results obtained with this test. The
relatively intense color development of the control port is shown on the left and
the sample port on the right exhibits a lack of color development, indicating a
positive result from a MSPD extract of catfish muscle containing 250 parts per
billion sulfadimethoxine.

The CITE test is marketed for the detection of three sulfonamide in milk.

It utilizes the CITE cup test format which contains a membrane filter coated in
four discrete areas with antibody to three different sulfonamides and a control
spot. This test can detect and differentiate between sulfamethazine, sulfathiazole,
and sulfadimethoxine residues at 10 PPB in milk. A negative result is shown in
this slide in the cup device on the left. In the cup device on the right the lack of
color development of the spot at the 9 o' clock position indicates a positive result
for sulfadimethoxine at 250 PPB . So these last two membrane based tests were

evaluated visually and the first two tests, the Microtiter well tests, were evaluated
by their optical density values.

Once we have the results from these tests we evaluated the ability of the
tests to accurately identify samples containing at or above tolerance of
sulfadimethoxine in catfish muscle. Performance was evaluated primarily by the
tests sensitivity and specificity. The sensitivity of a screening test is the most
important criteria in evaluating it's performance. A screening test should be
simple to use and allow one to quickly screen large numbers of samples. It must
have the ability to accurately identify samples that are considered positive based on
the tolerance for the compound. We define the sensitivity of a screening test as a
percentage based on the number of true positive results compared to the total
number of known positive samples tested. Known positives includes both true
positive and false negative results.
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If we look at the overall sensitivity of these four assays we are looking at
their ability to identify muscle samples containing sulfadimethoxine at a
concentration considered positive in this study; 100 parts per billion and 250 parts
per billion. So we are looking at their ability to detect sulfadimethoxine at
extremely low levels in catfish muscle. Performance results indicate that all four
of these assays have very high sensitivities; that is they could very accurately
identify samples containing sulfadimethoxine at tolerance and two and one-half
times tolerance. If we look at the individual samples considered positive, again
these are samples containing sulfadimethoxine at 100 and 250 parts per billion, we
see that all samples containing 250 parts per billion were correctly identified as
positive by all four assays. For samples containing 100 parts per billion
sulfadimethoxine there were a small number of false negative results �'10! with the
two visually determined tests, but these two tests were still very effective at
identifying samples containing low levels of sulfadimethoxine in catfish muscle.

Specificity is the ability of an assay to accurately identify negative samples;
that is samples that contain sulfadimethoxine at less than tolerance. In this study
this included muscle samples containing 0, 25, or 50 parts per billion
sulfadimethoxine. Specificity is important mainly from an analytical workload
standpoint. If a screening test can not identify samples containing below tolerance
with a high degree of accuracy it is of little practical usefulness even if it has 100/o
sensitivity. This is because all samples identified as positive -including false
positives- must be confirmed. False positive results increase the analytical workload
and so the screening test provides no advantage over simply using the more
rigorous confirmatory methods.

%'e define specificity as the number of true negative results divided by the
total number of known negative results that were examined in the study. Known
negative samples includes both true negatives and false positives. If we look at
overall specificity we see that three of the assays have quite high specificities. The
International Diagnostics Systems, the Signal, and the EZ-Screen tests all had
specificities of greater than 90 jo for all samples considered negative in this study.
That is samples containing 0, 25, or 50 parts per billion sulfadimethoxine. The
CITE test had a somewhat lower specificity because of a higher number of false
positive results. This could perhaps be a matrix-specific effect as the CITE test is
designed for use with milk samples.

If we look at the three individual concentrations that were considered
negative in this study- 0, 25, and 50 parts per billion sulfadimethoxine- we see at
the two lowest concentrations- 0 and 25 parts per billion- that the International
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Diagnostics Systems, the Signal, and the EZ-Screen tests identified 100'/0 of the
samples containing below tolerance levels of sulfadimethoxine as negative.
However, if you look at specificity of these assays for samples containing the
borderline concentration of 50 parts per billion, we see a low number of false
positive results; 17 '/o false positives for the International Diagnostics Systems and
EZ-Screen tests and 25% false positives with the Signal test. False positives were
especially noticeable with the CITE test with over half �4'/o! of the samples
containing 50 parts per billion sulfadimethoxine incorrectly identified as positive.
However, overall these tests can be used to differentiate between blank samples and
samples containing violative residues of sulfadimethoxine.

Another indication of the specificity of an assay is it's cross-reactivity with
other compounds. Cross-reactivity can be evaluated by a comparison of the
concentration causing a 50/0 inhibition in color development of the sample well
when compared to the blank control well. The Signal test, as I said earlier, cross-
reacts with a number of other sulfonamides. It has the greatest sensitivity to
sulfamethazine with an IC-50 of less than 10 parts per billion, but is also quite
sensitive to sulfamerazine and sulfadimethoxine. The IC-50 for sulfadimethoxine

is 250 parts per billion.

The International Diagnostics Systems test is marketed specifically for the
detection sulfadimethoxine residues and indeed this test is quite sensitive to and
specific for this compound. This test exhibited little cross-reactivity with any of
the other sulfonamides examined except at concentrations greatly exceeding those
expected as tissue residues.

The two visually determined tests, the EZ-Screen and CITE tests, showed
no cross-reactivity with any of the other sulfonamides examined. So, three of these
ELISA s exhibited no significant cross-reactivity with other sulfonamides and were
quite specific for sulfadimethoxine.

We also examined the cross-reactivity of these four tests with 15 other
compounds that are either used in aquaculture or have the potential for occurring
as contaminants in catfish feed. None of these fifteen compounds exhibited cross-
reactivity in any of the assays.

The primary metabolite of sulfadimethoxine, N,-acetylsulfadimethoxine, was
extracted and detected equally as well as the parent compound. The ability of an
assay to detect major metabolites is important because the FDA tolerance is based
on total residues present, including the parent compound and all metabolites.
Therefore, a screening test that can detect parent and metabolites is needed.
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In conclusion, I feel we can say that the MSPD procedure provided a
relatively rapid, simple, and efficient method for the extraction of
sulfadimethoxine residues from channel catfish muscle. Performance results
indicate that these commercially available immunoassays can be used to identify
channel catfish muscle samples containing violative residues of sulfadimethoxine.

The Signal test exhibited cross-reactivity with a number of other
sulfonamides. Therefore, this test should be considered a sulfonamide class assay
rather than specific for a single compound. Additionally, these tests may provide
variable results at borderline tissue concentrations. This emphasizes that these tests
are screening assays and that for regulatory purposes confirmatory methods are
required to validate screening test results.

Lastly we feel that on-farm use, especially with the KZ-Screen test, is
possible. On-farm use may be a particularly useful application for these assays
following extra-label or FDA-IR4 program use by providing a method for
screening edible aquatic tissues for violative residues of sulfadimethoxine. Also
with the passage of a mandatory seafood inspection program, producers will need
a method to determine whether a pond of fish, with a history of drug
administration, contains violative residues. Ideally this would be done before the
fish are harvested and at the processor to allow additional time for residue
depletion. Thank you.
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The catfish was purchased live. In Baton Rouge we have local retailers that
"Live Haul" product in from Louisiana, Mississippi or Alabama delta areas on a
weekly basis. Catfish were brought into the lab live. As soon as possible the
catfish were sacrificed, skinned and then filleted underneath a laminar flow hood.
The fillets were then cut into 10 or 20 g samples, placed in sterile packs and frozen
at -80 C until used.

Several inoculation methods were used for various samples. For crawfish
thermal studies and growth studies a mixed strain L monocytogenes cocktail was
blended with the crawfish. One of the reasons for blending crawfish and not
dipping is that this product is usually shipped and sold with the hepatopancreas on.
An attempt was made to maintain the product as close to that which the processors
will eventually be marketing. An additional inoculation method, used in several
alternate studies for both crawfish and catfish, was dipping. Samples were dipped
in inoculum for five minutes, then drip drained on a sterile cloth.

Treatments of lactic acid, citric acid, or potassium sorbate were sprayed onto
previously inoculated samples for thermal studies. Some of the growth studies for
crawfish used dip applications to apply treatments.

Results:

The sanitizing effects that we have observed on catfish meat show that as
the percent lactic acid increases the effectiveness of the treatment increases  Fig. 1!.
We observed that treatments exceeding 1.7'!o lactic acid produced a 1.5 log decrease.
An interesting note is that after a 20 to 30 minute time period the sanitizing effects
of lactic acid seemed to diminish.

On crawfish meat, the sanitizing ability of lactic acid seemed to be less
effective  Fig. 2! We observed less than a 0.5 log reduction of the bacterium when
2'/o lactic acid was applied to the samples. But again, we see that with this high
concentration after about 20 minutes the sanitizing effectiveness of lactic acid
seemed to diminish or level off.

The effect of lactic acid in combination with monolaurin is shown in Fig.
3. Monolaurin as a sanitizing agent did not have any effect on the crawfish and
catfish meat. When lactic acid was combined with monolaurin we see no additive

effect.
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We wanted to combine different acid treatments with heat �0 C!. Heat is
effective on its own in reducing microbial populations. This temperature is
effective in reducing L. monocytogenes by about 2 logs in 14 minutes  Fig. 4!.
When we increase lactic acid concentrations, from 0.5'/0 to 1.0'%%d, 14 minute heat
treatments produced about a four log increase in lethality of heat. We have
determined that this is not a simple pH effect  Fig. 5!. The pH of the crawfish tail
meat was modified to be equal that of 1.0'/0 lactic acid using hydrochloric acid. An
effect of pH was observed, however, there is an additional effect which could be
attributed to lactic acid.

Long term storage effectiveness of citric acid and potassium sorbate were
examined. They were added to crawfish tail meat at 0.3'/0 levels and the product
held at 4DC. There was no observable difference between citric acid and the

control; however, with potassium sorbate we observed an extended lag phase.
Once exponential growth ensued there was no difference in generation times
between that of our controls  data not shown!.

We studied the effects of lactic acid at different concentrations up to 3'/0 on
crawfish  Fig. 6!. As the percent of lactic acid increased, the effectiveness of the
treatment increased. Two percent lactic acid halted growth of the bacterium and
3'/0 proved to be lethal to the bacterium. After about a ten day exposure time to
3/0 lactic acid, the bacterium was below detectable levels. We looked at the
inhibitory effect of monolaurin in combination with lactic acid  Fig. 7!. We saw
an inhibitory effect when 200 micrograms/g of monolaurin was used. This effect
was approximately the same as 1/o lactic acid. We did observe an additive effect
with lactic acid and monolaurin in combination. If percent acid is increased to 2/0
from 1'/0 and the monolaurin is maintained at the same level, 200 micrograms/g,
we were able to create a lethal effect to the bacterium  Fig. 8!. It is below the
detectable level after approximately 14 days.

The effects of MAP, lactic acid, and monolaurin are shown in Figure 9. The
modified atmosphere we used was 75'/o carbon dioxide, 10'/0 oxygen, and 15'/0
nitrogen. Initial inoculation levels of L. monocytogenes for the control, air

packaged, and modified atmosphere packaged samples was approximately 3 logs.
When we added monolaurin and lactic acid, we saw some inhibition. The most

effective combination was MAP, lactic acid and glycerol monolaurate.
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Conclusions:

Some conclusions that we have been able to draw thus far from these studies

are that glycerol monolaurate used alone had no real sanitizing effect against the
organism. Two percent lactic acid reduced L. monocytogenes population to
approximately one log after 20 minutes of exposure on either crawfish or catfish
but we found that it is less effective in crawfish. There was no interaction between

lactic acid and monolaurin as sanitizers.

Increasing lactic acid concentrations increases thermal destruction of the
organism on crawfish. The effect is independent of pH. Citric acid �.3'/0! did not
inhibit growth of L. monocytogenes on crawfish. Potassium sorbate �.3'/o! extended
the lag phase of the organism in crawfish, but once exponential growth ensued
there was no real difference in generation time.

Lactic acid concentrations of 2'/o prevented growth while 3'/0 killed the
organism under cold storage at 4~C. The combination of lactic acid and
monolaurin inhibited growth of L monocytogenes. And finally, MAP, lactic acid
and monolaurin was the best treatment we' ve used thus far to inhibit the growth
of L. monocytogenes in crawfish. A footnote; it appears that if we use heat in
combination with MAP and lactic acid, that we will alter the destruction
capabilities, to the bacterium, of the above barrier combinations.

Finally, during our research we noted that the generation times on crawfish
tail meat for Listeria seemed to be relatively short. This w'ould imply that the
bacterium grows fairly rapidly. As a result we did a brief scan of the literature and
found some interesting facts that need to be addressed in future research projects.
For crawfish, a generation time of about 18 hr at 4'C was observed  Fig. 10!. An
interesting note, when we went through the literature there seemed to be no set
protocol for the temperature used in storage studies. We looked at studies done
with this bacterium using almost any temperature between 0 to 35 C. It would
be nice to come up with a few standards. Four degrees centigrade in addition to
O'C seemed to be the prevalent temperatures used in studies. We see in Figure 10
that crustaceans such as crawfish, crab, lobster, and shrimp, facilitate a relatively
short generation time for Listeria compared to some of the more traditional food
items such as beef, chicken, lettuce, skim milk and yeast extract. A short
generation time was also observed in smoked salmon, another aquaculture product.
The significance to the seafood industry of this finding remains unknown and
warrants our attention.
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