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Abstract

In order to gain a greater understanding of the fish health status and the bacterial resistance situation in warm-water ornamental fish, a 12-month screening was carried out on samples collected from two German wholesale trade farms commencing in October 1999. Testing has been done on eight different fish species imported from four Asian countries. All samples were taken within two weeks of importation. 

The results show that although a wide range of facultative bacterial pathogens is present, only few specific pathogenic bacteria could be isolated. The average frequency of resistance differs between fish from different countries of origin, from 47.1% to 63.3%. An even higher variation (13.4% up to 90.1%) is observed for the different drugs tested. 

Resistance to antibacterial drugs may be a result of indiscriminate use of these drugs, especially at low-level dosage; such action ‘selects’ bacteria for resistance! In order to avoid therapeutant resistance, ornamental fish producers should not carry out prophylactic antibiotic treatments.

Résumé

De façon à parvenir à une meilleure compréhension de l'état de santé et de la résistance aux antibiotiques chez les poissons ornementaux d'eau chaude, une étude de 12 mois a été entreprise sur des spécimens collectés dans deux fermes commerciales allemandes à partir d'octobre 1999. Les tests ont été menés sur huit espèces importées de quatre pays d'Asie. Tous les spécimens ont été étudiés moins de deux semaines après leur importation.

Les résultats montrent que même si un large éventail de bactéries pathogènes facultatives est présent, seules quelques bactéries spécifiques ont pu être isolées. Le taux moyen de résistance diffère entre les poissons selon leur pays d'origine, de 47,1% à 63,3 %. Des taux encore plus élevés (13,4% à 90,1%) sont enregistrés pour certains médicaments. 

La résistance aux produits antibactériens peut être le résultat de l'usage systématique de ces produits, particulièrement à un dosage faible. Ceci peut "sélectionner" les bactéries résistantes. Pour éviter la résistance aux traitements, il faudrait que les fournisseurs de poissons d'ornement ne pratiquent pas de traitement antibiotique à titre prophylactique. 

Introduction

In ornamental fish farming bacterial infections can lead to poor fish health and high mortality rates (Noga, 1995; Ter Höfte & Arend, 1997). Excessive use of antibiotic substances in Aquaculture has lead to increase of resistance rates (Aoki, 1992). In comparison to the food fish area the resistance situation for ornamental fish is very unfavorable (Kleingeld et al., 1997; Lechleiter & Kleingeld, 2000; Schlotfeldt & Kleingeld, 2001). This is clearly shown in Figure 1 where data from the practice of the State Fish Epizootics Control Service of Lower Saxony and Fish Health Service (SFEC) from 1990 onwards are shown. The rate of resistance in food fish is 44.4% opposite 65.4% for cold-water ornamental fish respectively 67.0% for warm water ornamental fish. The trend of resistance increase is adverse for warm water ornamental fish.

Due to high stocking densities, environmental stress and economic pressure the problem of antibiotic resistance plays a particularly important role in the ornamental fish trade.

Material and methods

In order to gain a greater understanding of the fish health status in warm water ornamental fish, a 12-month screening program was carried out on fish samples collected from two German ornamental fish wholesale trade farms in the federal state of Lower Saxony. In particularly the bacteriological status and the antibiotic resistance situation were emphasized. The examination period was between October 1999 and September 2000. The samples originated from two ornamental fish wholesalers situated in the Federal State of Lower Saxony. Newly imported fish from four different Asian countries of origin were examined within two weeks of importation. Residue analysis was carried out with pooled samples at the end of the examination period. For each country of origin, two fish species were examined. One fish trade farm supplied six species: Neon tetra (Paracheirodon innesi) and Zebra dani (Brachydanio rerio) from Hong-Kong, Red tailed labeo (Epalzeorhynchos bicolor) and Siamese algae eater (Gyrinocheilus aymonieri) from Thailand and Blue gurami (Trichogaster trichopterus) and Sword tail (Xiphophorus helleri) from Sri-Lanka. The other wholesale trade farm supplied Harlequin rasbora (Rasbora heteromorpha) and Sail fin molly (Poecilia velifera) from Singapore.

For each sample 15 fish for each group (eight fish for the Sail fin molly) were sacrificed, dissected and examined. From those samples a pool of five fish (three for Sail fin molly) were frozen for residual examination. 

The following data were recorded:

· Average fish size

· Average fish weight

· Country of origin

· Date of importation

· Information on pre-treatments

The clinical-parasitological examination giving a general view on the health status of the fish and was carried out following the Fish Health Service standard examination procedure for routine diagnosis of fish diseases.

The samples for bacteriological examination consisted of gill tissue and organ samples (spleen, liver, kidney) taken using sterile procedures. Muscle and liver tissue was collected in order to carry out an inhibition test. All these samples were brought for bacteriological examination to the State Veterinary Diagnostic Institute of Hanover. 

Bacteriological examination was carried out following the standard procedure for bacterial culture on universal and selective culture media. For determination of acid-fast organisms a Ziehl-Neelsen staining was done, cultivation of Mycobacteria was not attempted however.

After differentiation of the bacteria found, antibiogrammes were established on Müller-Hinton-agar. Following substances were involved in the testing procedure: Chloramphenicol, Trimethoprim-Sulfonamide, Oxytetracycline, Furazolidone, Chlortetracycline, Enrofloxacin, Flumequine, Oxolinic acid, Amoxicillin, Gentamicin, Neomycin, Colistin and Florfenicol. The inhibition test was carried out at three pH-ranges: pH 6 / 7.2 / 8. First measurement of the inhibition zone (mm) was made at 24h.

Samples, which showed inhibition zones, were pooled for each fish species, frozen at –20° C and a residue analysis by means of HPLC measurement with diode array and fluorescence detection was carried out at the end of the investigation period.

All examination results were transferred into the SFEC-own MS Access® database application for recording Fish Health Service data. The rate of resistance was calculated as follows:

[image: image1.wmf](

)

(

)

(

)

(

)

(

)

{

}

50

1

nT

3

nR

2

nI

1

nS

´

-

¸

´

+

´

+

´


Results

In general the health status of the fish was satisfactory. In both wholesale trade farms prophylactic treatments were routinely carried out using ant parasitic chemotherapeutants (salt, formaldehyde, malachite-green oxalate, copper sulphate). Only in few cases Cryptobia sp., Oodinium sp., Dactylogyrus sp., Capillaria sp. und Ergasilus sp. were found at a low degree of infestation.

The number of bacterial agents found is between 2.3 findings for Zebra fish up to 3.4 findings for Sail fin molly. A total of 250 positive bacterial agents could be detected. Most of the findings were of facultative fish pathogenic nature. Only few specific bacteria could be identified. A total of 13 cases of fish Mycobacteriosis (acid-fast rows) were detected after Ziehl-Neelsen staining. In ten samples Flexibacter columnaris was identified. Two cases of Aeromonas salmonicida achromogenes and of Vibrio anguillarium infection were recorded.

In case of the facultative fish pathogenic bacteria, mainly motile Aeromonads were found, most of them A. sobria. Furthermore Pseudomonas sp. (33 cases) and Myxobacteria (30 cases) were identified. A total of 35 other bacterial and 38 mycotic agents were isolated.

High disparities were observed between the rates of resistance of the different antibiotic substances tested (Figure 2). The lowest rate of resistance was found for Florfenicol (13.4%) while Oxytetracycline showed the highest rate (90.1%). In general the resistance situation for substances used frequently in ornamental Aquaculture (Tetracyclines, Furazolidone, potentiated Sulfonamides) is very unfavorable. In contrary the rate of resistance for Florfenicol, Colistin and also for Enrofloxacin is still low.

Comparing the rates of resistance of the four countries of origin shows that the Thailand strains are less resistant than those from the other three countries (Figure 3). The differences between fish species within one country of origin are not very high. The average rates of resistance for the different countries are between 47.1% for Thailand and 63.3% for Sri-Lanka and are to be considered as quite high. 

The results of the inhibition tests show a different picture. In comparison to the other countries of origin it is found that the situation for the Hong-Kong strain is much better (Figure 4). From these results it can be concluded that the majority of fish examined were charged with antibiotics prior to examination. From a total of 88 inhibition tests 22 (25.0%) turned out to be negative. The results of the inhibition tests are most unfavorable for Siamese algae eater (average inhibition zone: 5.4 mm), Sword tail (5.1 mm) and Sail fin molly (6.1 mm) compared to the situation mainly for Neon tetra (1.5 mm). 

These results are in conflict with the results of the residue analysis, which show a high amount of Enrofloxacin found in the Neon tetra (7,000 µg Enrofloxacin / kg). This high value is probably traceable to a bath treatment with Enrofloxacin carried out just prior to examination in one case. The results of the residue analysis show that only the Zebra dani turned out to be free of antibiotic residues. Enrofloxacin was found in low amounts in Sword tail (70 µg/kg) and Sail fin molly (144 µg/kg). Residues of tetracycline were found in Harlequin rasbora (65 µg/kg), Blue gurami (400 µg/kg) and Red tailed labeo (547 µg/kg).

Discussion

The results of the examinations prove that compared to food fish and even to cold-water ornamental fish, antimicrobial resistance problems play a more important role in warm-water ornamental fish. This can also be concluded from the established long-standing trend in development of resistance.

The causes for appearance of antibiotic resistance can be manifold. Breeding facilities of ornamental fish in Asia are rarely supervised by a Fish health Service or a similar organization. On the other hand these breeding farms and trading farms are under economic pressure to produce as much fish as possible at low cost prices. Also the transport by air must be carried out at low charges. In order to achieve this the fish are transported at high stocking densities as to save "heavy" transportation water. All these factors lead to the situation that environmental conditions are not optimized. Consequently the condition of the fish is lowered which makes them more susceptible to diseases. To prevent disease outbreaks chemotherapeutants of all kind are used. These substances are applied prophylactically under uncontrolled conditions often using wrong dosages. The uncontrolled use of antibiotic substances leads to the situation that fish come in touch with different antibiotics and chemotherapeutants at an early age and bacterial resistances are build up. Furthermore antibiotic substances, here mainly Tetracyclines, are used for transport optimization. After transport by air the fish undergo prophylactic treatments as to prevent disease outbreaks in the wholesale trade farms although examination possibilities are much better in the importing western countries.

Contact with antibiotic-like substances in the water can lead to resistance development and can be the cause for a kind of natural resistance so that the resistance rate of micro-organisms in untreated fish must not inevitably be zero.

The very high rate of antimicrobial resistance in warm-water ornamental fish compared with food fish is probably mainly due to the uncontrolled application of antibiotic drugs. The rate of resistance of the Thailand strain is better compared to the other sources because of the fact that the Thai fish are wild captured and did not get in contact with antibiotic substances whilst at a young age.

The application of antibiotics and chemotherapeutants in breeding and trade farms is proven by the results of the inhibition tests and residual analysis.

In regard to animal welfare and environment protection periodical fish health supervision of the breeding and trade farms in the countries of origin should take place. Prophylactic and uncontrolled use of antibiotics should be avoided. Transportation and fish keeping management must be optimized.

Appropriate application of antibiotic drugs should only be done as far as possible after carrying out antibiogrammes testing and supervising by a fish health expert. 
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