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Abstract

Cage and pond culture of Tilapia is a rapidly expanding part of the aquaculture sector in the  Philippines.  Along with the rapid expansion of cage culture of Tilapia in the Philippines has come the spectre of heavy economic losses caused by disease.  Streptococcosis has proven to be the principal cause of losses, accounting for almost 50% mortality countrywide during the first month of culture and up to 80% over the complete culture cycle, particularly during the cold season.  This paper presents the results of commercial field trials involving approximately 300,000 fish in Lake Taal, Batangas, Philippines, using both immersion and orally applied vaccines against Streptococcosis. Results indicate that significant protection can be afforded by either strategy, with mortalities being reduced to 10-15% compared to 52-68% in unvaccinated controls. These results will be discussed in relation to their significance to the Philippine Governments Food Security Programme and to the development of Total Protection Strategies for Tilapia against Streptococcosis worldwide.

Introduction

Tilapia production in the Philippines has risen dramatically in recent years, with approximately 100,000 MT produced in 1997 (FAO, 1999).  An estimated 40% of this total is produced in one lake, namely Lake Taal, located in the province of Batangas, south of Manila.

This expansion in production could have been significantly higher were it not for disease.  Disease outbreaks have been shown to account for up to 75% of stocked fish, with approximately 50% of the fish dying within the first month of culture (Bautista, personal communication).  Antibiotic therapy has proven largely ineffective, with development of bacterial resistance to oxytetracycline, furazolidone and erythromycin due to improper use by farmers.  Preventive treatment by vaccination appears to be the only hope available to farmers, ideally in combination with immunostimulants, antibiotics and improved general management techniques.

Shoemaker and Klesius (1997) have outlined the difficulties in treating Streptococcal infections in fish using antibiotics as follows:

· They appear  to suppress outbreaks but not eliminate them (Stoffregen et. al. 1996).

· Streptococci can survive in macrophages, where antibiotics do not work (Zimmerman et. al. 1975)

· Diseased fish do not eat medicated feed.

· Treatments are not long enough; therefore, treatment favours production of carriers and antibiotic resistance.

· Antibiotics alone will not be enough, but they still have an important role to play in good health management practices.

Vaccination

There is no history of fish vaccination in the Philippines. However, the example of European fish health management in which vaccines figure prominently, convinced the industry that it had to act to prevent the escalation of what can only be called an epidemic.  In economic terms, the scale of loss is enormous.  600 million fry are stocked in Lake Taal annually; 50% die in the first month.  At 50 Philippine centavos/ fry, Php 150 million is lost in fry cost alone (approximately USD 4 million) in this one lake.  Potential revenue loss is enormous.

Since Tilapia forms an integral part of the President’s Food Security Programme, such losses are particularly unpalatable.  A programme to determine the cause of the losses and to develop a vaccine or vaccines against the causative organism(s) was established in June 1999.  The results of this programme are discussed in this paper.

Identification of the Pathogens

Affected fish were sampled from cage sites at Talisay, Laurel and Agoncillo.  All displayed the same external and internal symptoms, namely:

A. External

· Scale Loss

· Sluggish Behaviour

· Twirling, Spiral or Erratic Movement

· Darkened Pigment/ Melanosis

· Exophthalmia (Popeye)

· Haemorrhaging Of The Eye And Mouth

· Haemorrhaging Of The Opercular Region/ Gills

· Haemorrhaging at The Base of The Fins And Anus

· Abdominal Distension
B. Internal

· Bloody Fluid In Body Cavity

· Haemorrhaging In/ On Internal Organs

· Brain Damage (Meningoencephalitis)

· Pale Liver

· Enlarged Spleen (Nearly Black)

However, many other bacterial infections in Tilapia cause the same or similar symptoms (Plumb, 1997).  It was therefore considered prudent to make isolates from various tissues of moribund fish.

Isolations were made from the following tissues using Brain-Heart Infusion media:  skin, gills, eye, ascitic fluid, intestines, liver, kidney and brain.  

Even this procedure, however, may be misinterpreted.  Affected/ weak fish are usually invaded by secondary (opportunistic) pathogens, making identification of the primary pathogen more difficult.  This was true in this case, since the initial samples were described as “veritable microbiological zoos” by Austin (personal communication). Kidney samples appear to produce the most reliable/reproducible sampling results.

Laboratory  identification (Austin, personal communication) revealed the presence of the gram positive cocci Lactococcus garvieae and Streptococcus iniae as probable primary pathogens.  Identification procedures were described by Austin and Austin (1999).

The Importance of Streptococcal Infections

Shoemaker and Klesius (1997) have reviewed the importance of Streptococcal infections in cultured fish.

The occurrence of Streptococcal infections has increased with the intensification of fish culture practices.  Since the first identification of infection in trout, Onchorhynchus mykiss, by Hoshina et. al. (1958), many outbreaks attributable to Streptococcus/ Lactococcus (Enterococcus) have been described (Austin and Austin, 1999).  In the case of Tilapia in closed culture, Perara et. al. (1995) have reported losses of as high as 75%; 30 to 50 % losses were reported in Tilapia under pond culture conditions (Eldar et.al, 1994).

Infection is usually transmitted from fish to fish, with bacteria released from dead and dying fish being considered as the most important source of infection (Kitao, 1993), although fresh trash fish has also been implicated in transmission (Minami 1979).  The latter route is particularly important in Streptococcal transmission in Asian Sea Bass, Lates calcarifer (Aryakananda, personal communication).

It would appear that temperature is implicated in virulence of this disease (Kitao, 1993; Roberts and Somerville, 1982).  In the case of Tilapia culture in Lake Taal, this indeed appeared to be the case, since winter (November to March) survivals were consistently lower than summer survivals (Figure 1). However, during the year 2000 the situation has deteriorated, in that there now appears to be no difference in survivals due to season.

Austin (1993) and Shoemaker and Klesius (1997) advocate good health management in the case of Streptococcal control including the use of vaccines as a primary prophylactic tool.

Previously, vaccination against intracellualar pathogens like Streptococcus has proven difficult (Akhlagi et. al., 1996; Shoemaker and Klesius, 1997; Klesius and Shoemaker, 1997.)  However, great progress has been made since Romalde et. al. (1996) induced long term protection (2 years) using a toxoid enriched whole cell Enterococcus bacterin for turbot, Scophthalmus maximus.

Figure 1

% MORTALITY OF TILAPIA DURING GROWOUT;

WINTER AND  SUMMER MONTHS , LAKE TAAL 1998-1999
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Vaccine Production 

Both organisms (L. garivieae and  S. iniae) were cultivated by fermentation then inactivated by formalin.  Colony forming unit levels of 1 x 109 cfu/ml vaccine solution were  produced. The bivalent vaccine was refrigerated at 2-8 (C prior to application. 

Vaccination Procedure

Vaccination techniques are new in countries like the Philippines, and there was therefore a need to use an extremely simple vaccination method.

The Golden Rules of Vaccination(Wardle,pers.comm.)

· Prepare Thoroughly For Vaccination

· Only Vaccinate Healthy Fish
· Do Not Vaccinate Fry Which Are Too Small

· Allow Sufficient Time For Immunity To Develop

· Avoid Stress During and After Vaccination

· Booster Vaccinations Are Standard Practice For All Farmed Animals
In the current trials, immersion and oral vaccination routes were used.  For immersion, fish were immersed in a vaccine solution (1 part vaccine: 9 parts water) for one minute.  Approximately 100 kg of fish were  treated per litre of vaccine (i.e., 100,000 fish of 1 gram each).  Oral vaccine was applied via feed at a rate of 0.2g vaccine/fish; this dose was divided into 10 daily doses in a feeding programme where the vaccine was fed for 5 days followed by a 5 day break then again fed for 5 days.

The simplest route of administration is obviously immersion, which is particularly suitable for Philippine conditions; the culture cycle is only 4 months so oral boosting may be unnecessary.  In Thailand and Indonesia, however, where a much larger fish is required for export purposes, a regime of primary vaccination via immersion followed by oral boosting after four months is considered appropriate.

Materials and Methods

Immersion and oral forms of Streptococcus vaccine were supplied by Aquaculture Vaccines Limited in the UK.

Three separate cage trials were carried out as follows:

a. 100,000 fish of 1 g vaccinated by immersion; 100,000 fish of 1 g as controls.  Fish were stocked at a rate of 20,000/cage;i.e. 5 replicates per treatment.

b. 40,000 fish of 2 g vaccinated by immersion; 40,000 fish of 2 g as controls.  Fish were stocked at a rate of 8,000/ cage; i.e. 5 replicates per treatment.

c. 24,000 fish of 7-8 g orally vaccinated; 24,000 fish of 7-8 g as controls.  Fish were stocked at a rate of 8,000 cage; i.e. 3 replicates per treatment.

Cages were 5 x 5 x 3 m in size and were of steel manufacture; barrels were placed around the structure to ensure flotation.  Feed was provided by Extrutech Inc.  Mortalities were recorded daily.  

Results

Cumulative mortality in the 1 g fish is shown in Figure 2.  Within 5 days, heavy mortalities commenced in the unvaccinated controls, and by week 12 mortality had exceeded 68%.  Mortality in the vaccinates, however, was only 13.5% during the same period.

For the 2 g fish, cumulative mortality (Figure 3) was 52.4% after 12 weeks for unvaccinated fish and 15.61% in the vaccinates.  Again, mortalities commenced within 5 days of stocking.

Figure 2

% MORTALITY IN 1 g TILAPIA VACCINATED AGAINST STREPTOCOCCOSIS:  LAKE TAAL (NOVEMBER 1999)
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Figure 3

% MORTALITY IN 2 g TILAPIA VACCINATED AGAINST STREPTOCOCCOSIS:  LAKE TAAL (NOVEMBER 1999)
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For the fish vaccinated orally, cumulative mortalities were considerably lower since heavy mortality had previously occurred in the early stages of the culture cycle (Figure 4). Only 2.3% of vaccinated fish died during the 11-week observation period compared to 4.8% in the unvaccinated fish.

Figure 4

% MORTALITY IN 7 TO 8 g TILAPIA VACCINATED AGAINST STREPTOCOCCOSIS:  LAKE TAAL (NOVEMBER 1999)
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Survival was not the only positive result of vaccination.  The farm workers observed higher feed consumption, lower FCR and most importantly, uniformity of size class in vaccinated fish.

Discussion

Such positive results from vaccination technology can only bode well for Tilapia farming worldwide.  However, vaccines should not be viewed as a panacea for all ills.

As discussed by Austin (1993), proper management is essential to the success of aquaculture operations. This, however, is sadly lacking in Tilapia culture operations not only in the Philippines but in other producing countries.  The major source of infection, dead and dying fish, should be removed from cages (Shoemaker and Klesius, 1997).  Farmers usually remove fish from their own cage and simply throw them in the lake; the sheer number of mortalities  makes hygiene an extremely difficult ideal to achieve.  Proper disposal is essential in the case of Streptococcal infection, but in many cases, practice is far more difficult than theory.

Ideal health management programmes can be constructed to control Streptococcal infections in Tilapia (Figure 5).

Figure 5

 



They revolve around proper management, prevention of disease via vaccination and immunostimulant use, and finally responsible use of antibiotics in a “last resort” therapeutic role.

In terms of the Philippine Government Food Security Programme, vaccination cost is critical.  The current vaccine adds 8 centavos per fish, or US cents 0.2 ; since fry cost is approximately Php 0.50/fish but mortalities are at least 50% in one month, vaccination cost can be considered low.  It should be remembered however, that immersion vaccination is dependent on fish weight and vaccination cost can therefore, be lowered as shown in the following Table:

Table 1

	FRY SIZE
	FRY WEIGHT (g)
	TOTAL VACCINATED/ LITRE
	FRY COST (Centavos)
	COST /FISH (Centavos)
	VACCINATION COST AS % OF FRY COST 

	24
	0.113
	885,740
	25
	0.9
	3.6

	22
	0.325
	307,692
	45
	2.6
	5.8

	20
	0.475
	210,526
	50
	3.8
	7.6

	17
	0.785
	127,389
	55
	6.8
	11.4

	14
	1.895
	52,771
	60
	15.2
	25.3


In an indirect way vaccination will lead to improved hygiene since there would be less dead fish to remove; dead fish are considered to be the primary source of disease transmission in cases of Streptococcosis (Kitao , 1993).  The improved survivals will lead to improved control of feed conversion ratios (FCR) and an overall reduction in wasted feed volumes.

This study clearly fulfils the requirements expected of a Streptococcal vaccine for Tilapia by Shoemaker  and Klesius (1997), namely:

· Cost less than one penny (or one cent) per fish;

· Easily administered;

· Protects the youngest life stage of the fish; and

· Provides long lasting protection.

These results have proven to be reproducible at a commercial level in the Philippines.  This type of Total Protection Strategy can be easily applied to other countries involved in  Tilapia culture worldwide.
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