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Abstract 
This study was conducted in order to investigate the outbreak of Pseudomonas aeruginosa in tilapia 

grow-out farms in Minalin, Pampanga, Philippines and to identify the possible risk factors in the 

occurrence of the bacterium. Majority of the collected tilapia samples showed various signs of bacterial 

infection such as lesion, fin/skin rot, eye opacity and/or abnormal body coloration. The computed attack 

rate of P. aeruginosa in the whole municipality was 51.04%. Lower attack rate of P. aeruginosa was 

recorded in male tilapias (male = 50.70%; female = 52.00%). The temporal pattern of P. aeruginosa 

depicts that tilapias were continuously exposed over a long period of time to a common disease-causing 

factor. The top three identified risk factors for the occurrence of P. aeruginosa in grow-out tilapia were 

the pond preparation (relative risk = 1.53), source of water (relative risk = 1.45) and temperature (relative 

risk = 1.38). The occurrence of bacterial diseases in tilapia is caused by the interplay of various risk 

factors such as presence of pathogenic organism and source of contamination, and a susceptible host due 

to stressful environment. 
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1. Introduction 

Aquaculture is now a growing business around the world contributing to a large percentage of 

the total world fish production. In 2011, its world production of 62.7 million tons has 

increased by 6.2% from 2010 [1]. In the Philippines, one of the fastest growing aquaculture 

industries is the tilapia aquaculture which marked the country as one of the top tilapia-

producing countries. In 2014, tilapia production from aquaculture sector has amounted to 

259,198.16 MT [2]. The province of Pampanga, Philippines has become a major center of 

production with its polyculture system, associating the shrimp with milkfish and sometimes 

tilapia and/or crabs [3]. Forty per cent (40%) of tilapia production in Central Luzon has been 

supplied by Pampanga [4].  

The success of aquaculture may be impeded by the incidence of diseases [5]. The impact of 

different bacteria on the tilapia industry is well-known among the population and health 

authorities because of their wide geographic distribution and the serious problems they cause 
[6]. Bacterial infection in fishes at present is growing fast with an approximately 12% annual 

increase7. Diseases in tilapia cause considerable economic losses in the world`s industry of 

aquaculture with an approximate cost of US $150 million annually7. Many cases of fish kill 

caused by different bacterial species were reported in various countries including the 

Philippines [6]. In 1992, a severe disease outbreak threatened the tilapia industry in the country 

and the causal organism was Aeromonas hydrophila [8]. 

Some of the most common species of bacteria present in pond-cultured tilapia are 

Streptococcus, Aeromonas, Pseudomonas, Vibrio, Staphylococcus, Mycobacterium, 

Edwardsiella and Flexibacter [6]. A huge number of bacteria in the gut of the fish have 

originated from water sediment. These natural gut bacteria can cause diseases when 

environmental and cultural conditions become favorable [9].  

Pseudomonas spp. are opportunistic Gram-negative pathogens, naturally occurring in aquatic 

environment and as a part of normal gut flora of healthy fish [10, 11]. A number of Pseudomonas 

spp. are identified in various species of fish as causative agents of Pseudomonas septicemia 

and these include 
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P. fluorescens, P. anguilliseptica, P. aeuroginosa and P. 

putida [12-14]. The disease is characterized by petechial 

hemorrhage, darkness of the skin, detached scales, abdominal 

ascitis and exophthalmia [15]. Fish lesions caused by 

Pseudomonas are similar to A. hydrophila, being 

characterized by haemorrhage in fins and tail and ulceration 

of the skin [15]. Thus, this present study has investigated the 

outbreak of P. aeruginosa in tilapia grow-out farms in 

Minalin, Pampanga, Philippines and determined the possible 

risk factors in the occurrence of the bacterium. 

2. Materials and Methods 

2.1 Study area 

Minalin, Pampanga is located southwest of the capital town of 

San Fernando (Figure 1). It is subdivided into 15 barangays 

namely Bulac, Dawe, Lourdes, Maniango, San Francisco de 

Asisi, San Isidro, San Nicolas (Poblacion), San Pedro, Sta. 

Catalina, Sta. Maria, Sto. Domingo, Sto. Rosario and Saplad. 

Aquaculture is one of the sources of livelihood in Minalin. In 

fact, it is the fourth leading municipality in Pampanga with 

respect to area of land allotted for tilapia farming (around 

1,755 fishpond units with total area of 2,728.69 ha). 

 

 
 

Fig 1: Political boundary of various municipalities in Pampanga 

 

2.2 Collection of fish and water samples 

Marketable size tilapia (Minimum of 100 g) that were grown 

in earthen ponds in Minalin, Pampanga, Philippines that 

manifested either one of the following signs such as lesion, 

fin or skin rot, eye opacity (Unclear eye) and body 

discoloration between November 2013 to March 2014 were 

considered in the investigation.  

Tilapia samples were collected in 33 tilapia grow-out farms in 

14 barangays (Figure 2; Table 1) of Minalin, Pampanga. For 

every farm, three pieces of tilapia were collected for 

bacteriological assessment. The samples were transported live 

back to the laboratory for analysis. 

 

 
 

Fig 2: Digitized fishponds in Minalin, Pampanga, Philippines that served as collection sites 



 

~ 430 ~ 

International Journal of Fisheries and Aquatic Studies 

Table 1: Distribution of sampling sites per barangay of Minalin, 

Pampanga, Philippines. 
 

Barangays Number of Grow-out Farms 

Bulac 3 

Dawe 2 

Lourdes 3 

Maniango 3 

San Francisco 1st 1 

San Francisco 2nd 1 

San Isidro 3 

San Nicolas 2 

San Pedro 3 

Sta. Maria 3 

Sta. Rita 3 

Sto. Domingo 1 

Sto. Rosario 3 
 

2.3 Surveying of farm practices 

A pre-tested survey form created by the Freshwater 

Aquaculture Center in Central Luzon State University was 

used in order to determine the farm practices being 

implemented in every collection site. The questionnaire also 

tries to assess the common problems encountered by the 

tilapia grow-out operators and their corresponding actions to 

solve the problems.  
 

2.4 Isolation and identification of P. aeruginosa 

Lateral and vertical incisions were made in the belly portion 

of the fish to reveal its internal organs. Smears from kidney 

were aseptically streaked in prepared Mueller Hinton Agar 

(MHA) plates. The plates were incubated at 37 °C for 18-24 

hours. Bacterial colonies having different morphological 

growths in MHA were transferred in selective medium 

Pseudomonas selective Agar for the identification of P. 

aeruginosa.  

 

2.5 Mapping 

Digital mapping was performed using the ArcGIS software 

with ESRI basemaps and downloaded satellite images as 

references. Mapping of fishponds was done in a farm-level; 

each farm is represented by a digitized polygon. Collected 

data on the identified P. aeruginosa were incorporated in the 

digital maps.  

 

2.6 Computation of attack rate and relative risk 

Line listing of generated data on water quality and bacterial 

analysis were opened in EpiInfo for the computation of attack 

rate and relative risk (RR). RR value of >1 indicates positive 

association (The exposed group has higher incidence than the 

non-exposed group) while RR value of < 1 indicates negative 

association (The unexposed group has higher incidence).  

 

3. Results and Discussions  

3.1 Physical examination  

Presented in Table 2 is the percentage of the tilapia samples 

collected in grow-out farms that manifested physical signs of 

bacterial infection. Around 85%, 53% and 15% of the tilapia 

samples had the presence of lesion, fin/skin rot, and eye 

opacity, respectively (Figure 3). Near 50% of the samples 

showed abnormal body coloration (e.g. whitening, blackening 

or reddening of a part or entire body). The presence of two 

and three physical signs of bacterial disease accounted to 

44.79% and 21.88%, respectively. Only 3.13% of the samples 

had the appearance of the four signs. 

 

   
A.  B.  C 

 

Fig 3: Physical signs of bacterial diseases. (A) Eye opacity, discoloration of the body; (B) Lesion and haemorrhage; (C) Fin rot, discoloration of 

the body. 
 

Table 2: Percentage of tilapia samples collected in grow-out farms 

in Minalin, Pampanga, Philippines that manifested physical signs of 

bacterial infection. 
 

Physical Manifestations 

of Bacterial Infection 

Proportion of the Sampled 

Tilapia (%) 

Lesion 85.42 

Fin or skin rot 53.13 

Eye opacity 14.58 

Body discoloration 44.79 

Double combination of symptoms 44.79 

Triple combination of symptoms 21.88 

Presence of all symptoms 3.13 

 

3.2 Computation of attack rate  

The computed attack rate of P. aeruginosa in the whole 

municipality was 51.04%. Highest attack rate of P. 

aeruginosa (77.78%) was recorded in Barangay Sta. Maria 

and Sta. Rita (Table 3). By sex, female samples (52.00%) had 

higher attack rate than males (50.70%) (Table 4).  

Table 3: Tilapia samples across barangay in Minalin, Pampanga, 

Philippines that were found positive to P. aeruginosa. 
 

Barangays Positive Negative Attack Rate (%) 

Bulac 4 5 44.44 

Dawe 2 4 33.33 

Lourdes 6 3 66.67 

Maniango 4 5 44.44 

San Francisco 1st 2 1 66.67 

San Francisco 2nd 0 3 0.00 

San Isidro 4 5 44.44 

San Nicolas 1 5 16.67 

San Pedro 6 3 66.67 

Sta. Maria 7 2 77.78 

Sta. Rita 7 2 77.78 

Sto. Rosario 3 6 33.33 

Saplad 3 3 50.00 

Minalin 49 47 51.04 
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Table 4: Proportion of male and female tilapia samples that were 

found positive to P. aeruginosa. 
 

Sex Positive Negative Attack Rate (%) 

Male 36 35 50.70 

Female 13 12 52.00 

 

3.3 Temporal pattern 

The temporal pattern of P. aeruginosa is presented in Figure 

4. The epicurve depicted that tilapia were continuously 

exposed over a long period of time to a common disease-

causing factor.  

 
 

Fig 4: Occurrence of P. aeruginosa infection in grow-out tilapia in Minalin, Pampanga, Philippines 

 

3.4 Possible identified risk factors 

Two groups of possible risk factors in the occurrence of P. 

aeruginosa were considered, namely farm management 

practices and quality of the pond water. The computed 

relative risk (RR) in each considered risk factor is provided in 

Table 5. Relative risk having value of >1 indicates positive 

association (The exposed group has higher incidence than the 

non-exposed group) while RR value of < 1 indicates negative 

association (The unexposed group has higher incidence).  

Under the farm management practices, exposure of the fish to 

insufficient/incomplete pond preparation (RR = 1.53) and 

unsafe source of water (RR = 1.45) yielded an RR >1. 

Meanwhile under the bracket of water quality, tilapia exposed 

to high level of phosphorous (RR = 1.09), not optimum 

temperature (RR = 1.38) and alkalinity (RR = 1.13) resulted 

also to RR>1.  

 
Table 5: Possible risk factors in the occurrence of P. aeruginosa infection in grow-out tilapia in Minalin, Pampanga, Pampanga 

 

Possible Risk Factors 
Relative Risk (RR) 

Management Practices 

Scale of operation 0.72 (0.48-1.08) 

Pond preparation 1.53 (0.90-2.60) 

Source of water 1.45 (0.90-2.33) 

Rate of stocking 0.88 (0.60-1.31) 

Feeding 0.91 (0.49-1.69) 

Water Quality  

Temperature 1.38 (0.75-2.56) 

Total dissolved solid (TDS) 0.98 (0.67-1.48) 

Dissolved oxygen (DO) 0.79 (0.50-1.26) 

pH 0.85 (0.48-1.48) 

Alkalinity 1.13 (0.75-1.71) 

Phosphorous 1.09 (0.66-1.80) 

 

3.5 Transmission pathway: Source and spread 

Provided in Figure 5 is the distribution of P. aeruginosa 

infection in tilapia grow-out farms in Minalin, Pampanga, 

Philippines. Around 76% of the visited tilapia farms were 

positive to P. aeruginosa infection. This bacterium could be 

transmitted only through direct contact with infected fish, 

water and/or equipment. 
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Fig 5: Distribution of P. aeruginosa in tilapia grow-out farms in Minalin, Pampanga, Philippines. (Note: Red circle = AR <50%; Red circle with 

black spot = AR >50%). 

 

Tilapia aquaculture in Pampanga was dependent in Pampanga 

River, river tributaries and irrigation canals as main sources of 

water. However, the river was already highly polluted and 

contaminated based upon physical, chemical and biological 

analysis of its water and soil [16, 17]. The water had very low 

DO (2.66-3.43 mg/L) and very high phosphorous (0.30-0.60 

mg/L). High level of phosphorous in water coupled with low 

DO is good indication of eutrophication [17]. A number of 

pathogenic bacteria in fishes (A. hydrophila, P. aeruginosa) 

and humans (Escherichia coli, Enterococcus faecalis, 

Staphylococcus aureus) were also isolated from the water and 

soil of Pampanga River [16]. High level of total bacterial count 

(TBC) and total coliform count (TCC) was observed in the 

water (TBC = 1.93 x 107-2.72 x 108; TCC = 1.45 x 105-3.30 x 

106) and soil (TBC = 3.62 x 109-4.38 x 109; TCC = 1.19 x 

105-1.06 x 106) [16]. 

The water source could be considered unsafe to use for the 

tilapia aquaculture in the province. Basically, the tilapia 

operators are pumping river water to their pond system which 

is high in phosphorous, deficient in DO and with the presence 

pathogenic organisms such as bacteria. Based upon interview, 

their immediate remedy in case of fish mortality which was 

water exchange could only aggravate the problem. 

Contaminated water supply was the main identified risk factor 

for the occurrence and wide distribution of P. aeruginosa. 

This hypothesis was being supported by the type of epicurve 

that was generated which was common source epidemic 

(Continuous source) (Figure 4). Improper pond preparation 

practices and intensive stocking could be considered as 

additional risk factors for the deterioration of the quality of 

water in ponds. The interviewed farms failed to follow the 

complete sets of activities involved in pond preparation 

(Draining, elimination of predators and nuisance weeds, 

harrowing, drying, repairing of dikes, water inlet and outlet 

canals, screening of water canals, liming, initial filling of 

water and leveling of pond bottom, and fertilization). Pond 

preparation should be done properly in order to provide the 

fish an environment which is free of pests and predators, and 

a pond bottom suitable for growth of natural food. Most of 

tilapia growers in Pampanga had an intensified stocking rate 

in order to replenish loss of stocks due to mortality. Increase 

in stocking rate beyond the biological capacity of the pond 

system could necessitate the total dependency in commercial 

feeds. Excess feed input and accumulated waste in the system 

could deteriorate both the water and soil. Roughly, 25% of the 

phosphorus in aquafeeds is harvested in aquaculture biomass 
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and the remainder is in uneaten feed and feces that 

microbially decompose and release phosphate, or metabolic 

excretions of culture animals [18]. However, almost 80% of the 

unrecovered phosphorus in harvested fish is found in the pond 

bottom. Another risk factor that might contribute to the faster 

multiplication and transmission of bacteria is elevated water 

temperature.  

The municipality of Minalin was not only known for its 

tilapia production but also as egg granary in Luzon. A number 

of poultry farms were located within the municipality. Some 

of the interviewed farms are near to existing poultry farms. A 

number of flies and birds in the poultry farms move in the 

tilapia ponds during and after harvest. Flies and birds can 

carry pathogenic organisms to the pond water through direct 

and indirect means. Birds can also predate the tilapia 

fingerlings. In addition, flies can contaminate the food 

prepared by the laborers in the farm. 

Majority of the farms in Minalin, Pampanga were not 

implementing any forms of biosecurity measures. Used 

equipment was not disinfected after use and there was no 

designated area for their safe keeping. Free-ranged animals 

such as poultry, cats and dogs were found inside the farm. 

They can contaminate the feeds that were improperly kept in a 

storage room made of light materials. Dead fishes were just 

thrown elsewhere thus produce a foul odor. The roaming 

animals can feed on tilapia carcasses. Flies that took their 

meal on rotting tilapia carcasses can contaminate the food of 

the farm laborers.  

Listed below are the proposed strategies on a micro-and-

macro environmental scales that would somehow preserve the 

biological integrities of the involved systems toward 

resilience on diseases and environmental degradation. 

Under the micro-environmental scale, the following were 

recommended: 

1. Tilapia operators should consider the put-up of water 

pump as their supplemental or main source of water since 

the quality of the water from the river, tributaries and 

irrigation canals were already deteriorated.  

2. In order to help in improving the quality of water in the 

river system, wastewater from tilapia farms should be 

processed first in a siltation pond or a filter system before 

discharging the wastewater in the river. The water from 

the river should be filtered or treated first before pumping 

it towards the pond system. 

3. Land preparation practices should be improved by 

following the standardized procedures being 

recommended by the Bureau of Fisheries and Aquatic 

Resources (BFAR) or any fisheries research institutions 

in the country such as Central Luzon State University 

(CLSU) and University of the Philippines (UP). The age 

of the fishponds should also be considered; fishponds 

with high organic matter and phosphorous should be 

rested for a while (at least one year). This only 

necessitates that analysis of pond bottom soil (e.g. 

organic matter, organic carbon, available nitrogen, 

phosphorous, sulfur, etc.) should be done at least in a 

yearly basis in order to understand better its condition. 

Most pond water quality variables are strongly influenced 

by pond bottom soil characteristics. However, less 

attention has been given to the management of bottom 

soil quality. More attention should be devoted on the 

study of pond bottom soil management. 

4. Maintenance of moderate stocking density (4 pcs./m2) in 

order to reduce dependency on commercial feeds is 

recommended. This practice could prevent further 

deterioration of the quality of water and pond bottom 

soil. The fish farmers should try other successful feeding 

strategies such as alternate day feeding and supplemental 

feeding. Moderate stocking density might also reduce the 

proliferation and transmission of diseases within the 

pond. 

5. They should invest on important water quality equipment 

or kits such as pH meter/kit or DO meter/kit. 

6. The farms should practice disinfection of equipment 

using salt solution or bleach for preventing the spread of 

pathogenic bacteria from one pond to another pond. A 

certain area of the farm should be allotted to cage/fence 

their farmed animals. The dead fishes should be buried to 

prevent foul odor and further spread of diseases. The 

farm laborers should practice proper washing of hands to 

reduce food contamination. Their foods should be kept in 

air-tight containers. 

7. A clean and well kept storage room for feeds should be 

provided if ample funds permit to prevent adulteration 

and contamination of the feeds. Disinfected equipment 

such as nets should be stored in a separate area. 

8. The poultry farms should be reported to the barangay 

officials for immediate action. To prevent entry of birds 

to the pond water area, a series of nylon strings should be 

constructed above the water area. This will reduce 

predation and possible transmission of diseases.  

9. The farm owners with their technicians and laborers 

should update their knowledge and skills on current 

advances in tilapia farming. The provincial government 

in collaboration with some universities offer free training 

regarding this matter.  

 

Under the macro-environmental scale, the following were 

recommended 

1. The provincial government of Pampanga should continue 

their dredging program in the river to improve flow and 

circulation of nutrients. They should assist the fish farm 

operators in putting up a number of water pumps that will 

not cause depletion of ground water resource in a long 

run. 

2. There is also a need to strengthen the skills and 

capabilities of the technical staff of every Municipal 

Agriculture Office in the province. More attentions 

should be given specifically in inland resources 

management such as fishponds and rivers. Interventions 

in the form of seminars, trainings and actual farm visits 

should be organized by the provincial government, 

BFAR, universities or any related private 

institutions/agencies. 

3. The local and provincial government should form a 

technical team that is readily available to serve the fish 

farmers in case of water and soil quality problems and 

most especially during disease and fish kill outbreaks. 

There is also a need to improve the surveillance capacity 

of the local and provincial government. Data on fish farm 

operators should be updated annually in order to have a 

clearer understanding on the present situation of 

aquaculture industry in the province.  

4. The local and provincial government should be strict in 

the implementation of existing ordinances and national 

laws concerning aquatic pollution. They should strategize 

ways on how to reduce the environmental impacts of 

aquaculture to the river system. A treatment pond should 



 

~ 434 ~ 

International Journal of Fisheries and Aquatic Studies 

be mandatory in all operating aquaculture farms in the 

province. The government should be strict in issuing 

permit to operate; they should see to it that the farms 

have the capacity to operate with fewer burdens to the 

environment. 

 

4. Conclusion 

To sum it up, the occurrence of bacterial diseases in tilapia is 

caused by the interplay of various risk factors such as 

presence of pathogenic organism and source of 

contamination, and a susceptible host due to stressful 

environment. Since wastewater from aquaculture and 

agriculture were dumped in the river system without any 

treatment, their main source of water could serve as reservoir 

of present and future problems on diseases. There is also a big 

possibility that a large percentage of the cultured tilapia from 

the unvisited farms during the time of investigation might be 

positive to P. aeruginosa. The presence of disease vectors and 

carriers inside and outside the farm could magnify the present 

problem of tilapia operators in Minalin, Pampanga, 

Philippines.  
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