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Abstract. The study aimed to examine the presence and abundance of Enterococcus from Nile tilapia
(Oreochromis niloticus) and its environment in selected farms operating in the BUDAMASA areas of
Minalin, Pampanga. Moreover, the relationship of environmental quality to the abundance of the bacteria
was investigated. Results revealed that there 100% prevalence rate of enterococcus in tilapia farms.
Bacterial count revealed a mean of 1.89 x 10” CFU g™, 2.83 x 10° CFU mL* and 8.01 x 10’ CFU g in
fish, water and sediment, respectively. The abundance of Enterococcus in water and sediment is
significantly correlated (p < 0.05) with temperature, salinity and phosphorous. However, only
temperature and phosphorous has direct relationship, implying the preponderance of these variables to
the increase of bacterial abundance. Despite the presence and high abundance of Enterococcus
population in tilapia farms, fish are still in healthy condition. However, appropriate cultural practices
must be followed to maintain conducive environment and control the proliferation of Enterococcus in the
production system.
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Introduction. Pampanga is a coastal province located in the Central Luzon Region of the
Philippines. It is endowed with vast agriculture and aquaculture resources. Aquaculture
production accounts for almost 99% of its fish production while only 1% is contributed by
its inland capture fisheries (Bureau of Fisheries and Aquatic Resources 2015). Among the
cultured species in the province, Nile tilapia (Oreochromis niloticus) has the most
significant contribution. Based on the recent statistical report of the Philippine Statistics
Authority (2021), there is an increasing trend on the tilapia production of Pampanga in
the past three years, from 113,767.82 metric tons in 2019 to 131,895.78 metric tons in
2021. Moreover, the province remained a major producer contributing 42.92% of the
total tilapia production across the country (PSA 2021). The impressive performance of
the province can be linked to its wide area of fishponds and the Pampanga River that
supplies ample amount of water that allows year-round production. The municipality of
Minalin is considered as one of the major centers of tilapia production in the province. It
has 15 component villages/barangays with a total land area of 4,827 ha. Almost 57% of
its land area is used for aquaculture activities with total functional fishponds of 1,755
units for tilapia farming (Vera Cruz & Reyes 2014). The BUDAMASA areas refer to the
villages/barangays of Bulac, Dawe, Maniango and Saplad in the southwestern portion of
the town. These villages are traversed by Maniango River, a major water body supporting
the capture and culture fisheries of the town.

In spite the current state of tilapia production in the province, several production
factors may still challenge its sustainability. Sustainable growth should be secured to
meet the demand of the growing population for cheap and reliable protein source.
Worldwide, fish farmers are confronted by various constraints including inadequate
supply of quality seeds, water quality degradation, proliferation of invasive and nuisance
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species, disease outbreaks, and increasing production costs mainly contributed by the
spike in feed prices (Liao & Chao 2009; Ateweberhan et al 2018; Haji & Workagegn
2021; Naylor et al 2021; Uddin et al 2021). As a result, farmers tend to adopt alternative
methods in the production process. However, as in any other aquaculture operations
further intensification could increase the threat of pathogenic organisms. Recently, a
study showed that one of the main risks to sustain tilapia aquaculture is the outbreak of
infectious diseases (Tahiluddin & Terzi 2021). Fish and its environment harboring
disease-causing organisms may not only adversely affect production but also threatens
human health. Despite the claims that tilapia is a hardy fish, several studies also showed
its susceptibility to various pathogens including parasites, viruses, fungi, and bacteria in
farm settings (Morales-Serna et al 2018; Machimbirike et al 2019; Mahboub & Shaheen
2021; Tahiluddin & Terzi 2021). Co-infections among these pathogens in farmed tilapia
were also reported to trigger mass mortality (Khotob et al 2016; Abdel-Latif & Khafaga
2020; Basri et al 2020; Assane et al 2021; Swaminathan et al 2021). Bacterial pathogens
are major threat to culture fisheries because of their ability to survive and proliferate in
aquatic systems without requiring a host (Pridgeon & Klesius 2013). Ismail et al (2016)
revealed the association of environmental quality to the occurrence of bacteria in tilapia.
Among the studied parameters, they found that temperature and ammonia exhibit strong
association with bacterial presence. The abrupt change of water temperature is a direct
effect of changing climate whilst spike in ammonia is an indication of water pollution.
Several studies have already given emphasis on the role of water pollution on the
emergence of infectious bacterial diseases in tilapia (ElI-Shafai et al 2004; Osman & El-
Khateeb 2016; Iyiola et al 2019; Ibrahim 2020). Although tilapia has high resistance to
various pathogens, the presence of species that can cause zoonotic diseases is of special
concern. Among the species found in tilapia and other aquatic food products with
associated human health risks are enterococci (Daniel et al 2015; Osman et al 2016).
These species are commensal to many animals and typically harmless in healthy
individuals (Arumugam et al 2017; Ramos et al 2020). However, acquisition of
antimicrobial resistance by many Enterococcus species became a major clinical problem
nowadays (Osman et al 2016; Said et al 2017; Igbinosa & Beshiru 2019).

In the past decades, enterococci have emerged as an important causative agent
for nosocomial infections (Hunt 1998; Prieto et al 2016; Bhardwaj 2019). Infections
include bacteremia, endocarditis, meningitis, periodontitis, urinary tract infections,
neonatal sepsis and wounds (Fisher & Phillips 2009). It has been considered that
intestinal colonization may incur high mortality rate, particularly in patients with
compromised immunity (Vydra et al 2012). In the United States alone, enterococcal
pathogens are accounted for 14% of hospital-acquired infections (Weiner et al 2016).
Statistical reports indicated that 80 to 90% of enterococcal infections in humans are
caused by Enterococcus faecalis (Karmakar et al 2004). In addition, previous reports
indicated that the species is responsible for an estimated 5-20% of human endocarditis
cases (Higuita & Hycke 2014; Ferede et al 2018; Khan et al 2018; Seby et al 2022).

Despite such efforts to prevent and control zoonotic pathogens, information is still
dearth to substantiate the requirements for the development of preventive and control
measures. Hence, an assessment was conducted to provide baseline information that
could be used for future undertakings that may protect fish and human health against
enterococci infections specifically in the municipality of Minalin, Pampanga. Specifically,
this undertaking aimed to determine the: (1) cultural practices of the farms; (2) physical
characteristics and health condition of fish samples; (3) water and sediment quality; (4)
prevalence and abundance of enterococci in tilapia stocks and their environment (water
and sediment); and (5) relationship of water and sediment quality to abundance of
Enterococcus.

Material and Method
Sampling sites. The assessment of Enterococcus prevalence was carried out by

collecting fish, water and sediment samples from the tilapia grow-out farms operating in
the BUDAMASA (stands for the barangays of Bulac, Dawe, Maniango and Saplad) areas of
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Minalin, Pampanga (Figure 1). These barangays are among the areas of Minalin where
tilapia aquaculture is the major livelihood activity. Farms in these areas are fed with
water from the traversing Maniango River, a major water body that supports both fishing
and culture fisheries of the town. Based on the latest statistical data of the Municipal
Agriculture’s Office, there is a total of 144 farm operators (Bulac - 44; Dawe - 100;
Maniango - 153; and Saplad - 124) in the BUDAMASA. In this study, two (2) farms were
designated as sampling and collection areas for fish, water and sediments in each
village/barangay. The selection of farms is purposive, and was based on the utilization of
chicken manure as fertilizer or direct feed for the stocks. Identification will be made with
the aid of a peer contact. The geographic positions of each farm were determined using
an installed GPS application in phone.

SANTO ROSARIO

M. f'—":‘f‘-l IANGO

Google Earth!

Barangay Farm no. Geographic position
Maniango F1 14 56 20.148 N 120 39 29.484 E
F2 14 56 16.000 N 120 39 05.990 E
Saplad F3 14 56 13.020 N 120 41 05.856 E
F4 14 56 31.128 N 12041 11.369 E
Dawe F5 14 56 51.373 N 12041 17.320 E
F6 14 56 51.820 N 120 41 04.610 E
Bulac F7 14 57 14.370 N 120 40 19.770 E
F8 14 57 25.493 N 120 40 27.480 E

Figure 1. Map showing the collection sites (  tilapia farms) (exported from Google Earth 2022).

Survey of cultural practices. A survey questionnaire was developed to determine the
production practices of each farm participated in the study. The questionnaire was
divided into 7 major sections which include: 1) basic farm profile; (2) pond preparation;
(3) stock information and stocking; (4) feeds and feeding management; (6) water quality
management; (6) disease prevention and control strategies; and (7) harvesting and
marketing. The questionnaire was given to the farm caretaker or farm owner during the
period of sample collection. The questionnaire was retrieved from the respondents after
they provided the necessary information.

Collection of samples. Sediments were collected from each farm site using a steel
trowel garden scoop. Approximately, 5 g of sub-surface sediment were taken from the
pond floor (specifically, one sample from four sides near the dikes and central portion of
the pond) of a representative unit. The sediments were mixed thoroughly to obtain a
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homogenous sample and were placed in sterile sealed plastic packs. Water samples on
the other hand were taken from the surface (the same positions where the sediments
were taken) using a syringe with 5.0 mL capacity. Collection of water was made five
times and samples were stored in sterile polyethylene (PE) plastic bottles. The sediment
and water samples were kept in insulated box with ice and transported to the laboratory
within 6 hours. In terms of fish samples, a cast net was used to capture the target fish. A
total of 5 fish (at least 10 g) was randomly selected from the catch in each farm. Live
samples were transported to the laboratory by keeping them in oxygenated plastic bags
using the same pond water. Microbiological analyses were initiated on the same day the
samples were obtained.

Assessment of samples. Composite sediment sample (1,000 g) was collected from
farm. The samples were kept in chilling temperature and air-dried for 7 days. After
drying, the samples were brought to the Department of Agriculture regional Field Office -
Soils Laboratory located at the City of San Fernando, Pampanga for the analysis of pH,
organic matter, nitrogen and phosphorous. The pH was measured using potentiometric
method. The organic matter, nitrogen and phosphorous on the other hand were
quantified using the methods Walkley-Black, Kjeldahl, and Olsen, respectively. Water
quality variables were measured in the field using digital equipment and in the
laboratory. The dissolved oxygen (DO) and temperature of the water was measured
using a handheld digital dissolved oxygen meter (Extech Instruments, New Hampshire).
Salinity level was assessed using RCYAGO portable refractometer (Shenzen Yage
Technology Limited, China). The total dissolved solids (TDS) and electrical conductivity
(EC) were also measured in-situ using RCYAGO pen type monitoring devices. Meanwhile,
composite water samples (1,000 mL) were kept in insulated box with ice and the
concentration of total ammonia nitrogen (TAN) was evaluated using positive electrometry
at the Bureau of Fisheries and Aquatic Resources Regional Field Office 3 - Water Quality
Testing Laboratory.

Prior to bacterial isolation, morphometric and gravimetric measurements were
undertaken in fish samples. Samples were segregated also based on sex and health
condition. The total length and weight of individual fish were measured using digital
caliper with 0.01 cm sensitivity and digital weighing balance with 0.01 g sensitivity,
respectively. The body condition of fish was computed using Fulton’s condition factor
(Datta et al 2013):

where: K is the condition factor, W is the weight of fish and L is the total length of fish.

The body condition of fish is an important parameter that is widely used to
understand fish biology and pathology (Ridanovic et al 2015). Assessment of body
condition provides an alternative for expensive gross evaluation of tissues (Datta et al
2013).

As to health status, samples not manifesting any clinical signs of bacterial
infection such as scale erosion, skin hemorrhages, unilateral or bilateral exophthalmia, fin
rot, abnormal body coloration and among others were tagged as healthy individuals
(Baums et al 2013; Austin 2019; Reyes & Madrid 2020; Rizkiantino et al 2021).

Bacterial isolation and quantification. Microbiological analysis was conducted at the
Fish Pathology Laboratory of the Freshwater Aquaculture Center (FAC) of Central Luzon
State University (CLSU) in the Science City of Munoz, Nueva Ecija, Philippines. Isolation
of enterococci from the sediments was made in accordance with the method applied by
Guan et al (2020) with some modifications. One (1) gram of sediment was diluted in 9.0
mL sterilized physiological saline (0.9% NaCl). As to water samples, one (1) mL was also
diluted to the same amount of physiological saline to prepare an aliquot that is used for
plating in selective culture medium (Adamu et al 2018). Both water and sediment
samples passed through series of 10-folds dilution (10! - 10®). The prepared dilutions
were incubated at room temperature for 6 hours.
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Meanwhile, isolation of bacteria from fish is commonly made by taking samples
from live, moribund and dead fish. However, this study only used live samples as sources
of possible enterococci isolates. Most studies have isolated the bacterium from the skin
and internal organs of fish such as brain, kidney, gut and liver (Osman et al 2017;
Elgohary et al 2020; Reyes & Madrid 2020; Rizkiantino et al 2020). Hence, isolation was
made by taking tissues from the external (skin and eyes) and internal organs (intestine,
kidney and liver) to prepare a homogenate sample. The fish was euthanized by chilling in
ice and dissected to obtain the target organs. Then, portions of the organs were
aseptically removed using a sterile scissor, then pooled and homogenized through
dilution in physiological saline at 10% concentration. The dilutions were also incubated
for 6 hours.

After the dilution of samples, 100 pLl aliquots from serially diluted (10! - 10°)
samples were transferred to bile-esculin azide agar (Himedia Laboratories Pvt. Ltd.,
Mumbai, Maharashtra, India) plates and incubated for 18-24 hours at room temperature
(37°C) (Adeniji et al 2021). Presumption on the presence of Enterococcus was based on
the morphology of the colonies emerged from the selective medium. Colonies exhibiting
black to dark brown coloration were presumed as Enterococcus. Enterococcus hydrolyses
esculin present in the bile resulting to dark/brown coloration (Wanger et al 2017). Bile-
esculin test was regarded to have 100% sensitivity and 97% specificity in detecting
Enterococcus species (Facklam 1973).

The prevalence rate of Enterococcus in fish, water and sediment samples was
determined using the formula (Yang et al 2019):

Number of positive samples
Prevalence rate (%) = ---===-=========m===-mmmmmmoooooooooo o x 100
Total number of samples

The number of colonies was counted and the average colony count was used to
establish the colony forming units following the procedure of Collins & Lyne (1984).
Counting was made manually and with the aid of an installable application for bacterial
colony counting (BactLAB, Nissui Pharmaceutical Co., LTD., Japan). Counts within 30-300
colony forming units was regarded as total viable count (TVC). Bacterial count (in terms
of colony forming units) was expressed as CFU g™ for fish and sediment and CFU mL™ for
water using the formula (Reyes et al 2019):

number of colonies x dilution factor
CFU g™ OF ML = cmmmmemm oo oo e
volume plated

where: the dilution factor is calculated by dividing the volume of aliquot and diluent to
the volume of aliquot.

For consecutive dilutions showing between 30 and 300 colonies, the count in each
dilution was taken as too few and too many colonies may not be accurate (O'Toole 2016).
When the count of one dilution is not more than double the other, the average of
dilutions was taken. When the count of one dilution is twice greater than the other, the
lower value was taken for the computation of colony forming units. However, when all
dilutions show more than 300 colonies, dilutions where the colonies are countable were
considered.

Statistical analysis. The data obtained for fish characteristics, water and sediment
variables, and Enterococcus abundance in each farm were analyzed using descriptive
statistics such as mean and standard deviation. Meanwhile, the relationship between the
level of environmental quality and bacterial count in sediment and water was determined
using Pearson Moment Correlation in SPSS ver. 22.

Results and Discussion

Operational practices. The study included a total of 8 operational tilapia grow-out
farms in the BUDAMASA areas of Minalin, Pampanga. Of these farms, 87.50% are rented
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while the remaining fraction (12.50%) is privately owned. These farms allotted 1.4 to
12.5 ha comprising 1 to 3 pond units for fish production. Majority (75.00%) have two
production cycles per year while the rest (25.00%) can only operate a single cycle. All
farms are dependent on Maniango River as source of water for each production cycle. The
maintained water depth of ponds ranges from 1.2 to 3.6 m. Most (75.00%) of these
farms are devoted for polyculture system as this system maximized production and
profit. In terms of stocks, the farmers usually cultured Nile tilapia and white shrimp
(Penaeus vannameji). This culture practice was also reported in previous studies
conducted in the province (Mialhe et al 2016; Mialhe et al 2018; Reyes & Reyes 2019).
Tilapia was stocked at a rate of 5 to 12 pieces m™, indicating that these farms are
operating under semi-intensive (4 to 8 pcs m™) to intensive (> 8 pcs m™?) level of
management (Reyes et al 2021). Majority (75.00%) of farms practice full feeding with
different brands of commercial feed are used. However, it is surprising that one
participating farm used chicken manure not only as fertilizer but also as diet for tilapia.
These farms seldom practice water change as the river is the main source of water. Half
(50.00%) of the assessed farms do not conduct water quality monitoring due to the
absence of equipment while the remaining half (50.00%) assess their pond water for at
least once a month. According to the respondents, some of the problems that they are
commonly encountered include flooding, poor water quality and fish mortality. It was
suspected that the occurrence of mortality is caused by water quality degradation and
disease. Most (75.00%) of the farms linked the disease to bacterial and fungal infections.
Some of the clinical signs that they commonly observed were skin lesions, fin erosions,
scale loss, exophthalmia, presence of cotton-like materials in the skin or gills, color
changes and loss of appetite. These clinical signs are commonly observed in cultured fish
during dry season as claimed by majority (62.50%) of the farmers. Meanwhile, some of
the remedies identified include water change, reduction of feeding, application of salt and
lime, and disinfection of culture unit. None of these farms have history of using
antibiotics. Moreover, these farms are not applying probiotics during the incidence of
poor water quality or disease outbreak.

Characteristics and health condition of fish. The sex ratio, morphometric
characteristics and health condition of fish samples are indicated in Table 1.

Table 1
Characteristics of fish samples collected from participating farms

. Characteristics of fish in each farm
Variable —p7 F2 F3 F4 F5 F6 F7 F8 Mean=5D
Sex ratio 5:0 4:1 4:1 2:3 2:3 2:3 1:4 5:0 3:2
(M:F)
Standard 17.00 16.20 13.30 17.70 14.00 15.40 14.30 15.00 15.36+1.52
length

(cm)

Total 20.60 20.04 16.20 21.50 16.70 18.90 17.50 18.10 18.69+1.90
length

(cm)

Weight 168.56 143.22 79.44 210.20 94.84 132.34 93.02 118.12 129.97+43.75
(9)
Condition 1.88 1.74 1.86 2.00 2.01 1.92 1.69 1.99 1.89+0.12
factor

% of 100 100 100 100 100 100 100 100 100
healthy

fish

Based on the result, male to female sex ratio is 3:2. Fish samples are having mean
standard length and total length of 15.36 and 18.69, respectively. Moreover, fish samples
are having a mean weight of 129.97 g. The obtained value for weight suggests that the
samples are already in adult stage (> 20.0 g) (Food and Agriculture Organization 2022).
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The condition factor of fish samples ranges from 1.69 to 2.01 with a mean of 1.89. These
values were close to the reported condition factor of Nile tilapia (Oreochromis niloticus)
fed with farm-made and commercial diet (Anani & Nunoo 2016) but higher than the
values obtained from different stages (Olurin & Aderibigbe 2006; Migiro et al 2014).
According to Ayode (2011), a condition factor greater than 1.0 suggests better health
condition of fish and its desirability for farming. The observed health condition of fish also
conforms to the condition factor values. All fish samples from each farm did not exhibit
any signs and symptoms of a disease, suggesting that the samples are healthy.

Water and sediment quality. The mean level of water and sediment quality variables
of the farms during the period of assessment is shown in Table 2. Comparing the level of
these variables to the range provided by various authors, it can be noted that DO, pH,
TDS, EC and P are not within the optimum level for tilapia grow-out. This condition could
be linked to the degree of management employed by each farm in the area.

Table 2
Level of water and sediment quality variables of participating farms
. Concentration/level in each farm Mean Ideal
Variable ) range for
F1 F2 F3 F4 F5 F6 F7 F8 grow-out
Water 29.88 30.22 32.04 31.58 32.54 33.00 33.56 33.58 32.05 24.0 -32.0
temp. +1.42 (El-Sayed
(°c) &
Kawanna
2008)
DO 4.61 4,72 4.19 4.63 4.66 4.73 4.52 4.50 4.57 5.0-23.0
(mg L) +0.17 (Makori et
al 2017)
pH 7.57 7.78 8.13 8.73 8.99 8.23 8.35 8.66 8.30 7.0-8.0
+0.48 (El-Sherif
& El-Feky
2009)
SDV 18.24 43.00 26.6 26.5 24.8 29.05 23.95 23.40 26.94 15.0-40.0
(cm) +7.22 (Ali &
Cagauan
2007)
Sal. 2.4 4.0 0.0 0.8 0.0 0.0 0.0 0.0 0.9 0.0-8.0
(ppt) +1.51 (De
Alvarenga
et al 2018)
TDS 2080 2734 1188 2222 1256 2522 2656 3442 2262.5 < 400
(mg L) +759.4 (Boydetal
2016)
EC 7832 10529 4194 8202 4498 9270 27836 12178 10567.7 100-2000
(US cm™?) +7493.2  (Stone et
al 2013)
TAN 0.084 0.115 0.040 0.014 0.022 0.355 0.036 0.013 0.085 < 1.50
(mg L) £0.115  (Zhou &
Boyd
2015)
Sediment
pH 7.40 7.04 4.68 6.21 6.31 7.09 6.54 6.26 6.44 6.5-7.5
+0.84 (Boyd &
Tucker
1998)
OM (%) 1.32 1.27 3.61 5.80 6.76 1.50 1.08 2.61 2.99 1.0-3.0
+2.21 (Sipauba-
Tavares et
al 2013)
N (%) 0.07 0.07 0.13 0.20 0.19 0.03 0.02 0.08 0.10 -
+0.07
P 27.16 25.63 14.60 31.62 64.66 35.31 9.69 68.57 34.65 80-100
(mgL?) +21.46  (Reyes et
al 2021)
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Prevalence rate. Based on the result in Table 3, presumptive Enterococcus was found
on fish, water and sediment of all farms assessed in this study. Hence, the computed
prevalence rate is 100.00%. This result could be linked to the interconnection of tilapia
farms as these farms are dependent on Maniango River for water. Although fish samples
are all in healthy condition, they can still harbor Enterococcus. This corresponds with the
report of Mayada et al (2019) that the bacterium can be isolated from healthy and
diseased tilapia. Horizontal transmission is the common mechanism of Enterococcus and
the presumed main point of entry in fish is via gastrointestinal tract (Rizkiantino et al
2021). Enterococcal infections could occur through wounds and abrasions due to high
stocking densities and between different species of wild and cultured fish within the same
environment (Evans et al 2004; Xu et al 2007). Acquisition could also be due to the
intrusion of polluted waters leading to the degradation of fish environment (Osman & El-
Khateeb 2016). Byappanahalli et al (2012) claimed that freshwater habitats in general do
not support the growth of enterococci; their presence is an evidence of point or non-point
source pollution or an indication of re-suspension from other reservoirs. The presence of
enterococci has been used as parameter for water quality changes (Lebreton et al 2014).
Harvested fish and other foods from areas contaminated with domestic and agriculture/
aquaculture wastewater has the potential to carry enterococci. In the aquatic
environment, water degradation played an important role for their successful invasion
(Araujo et al 2021; Akter et al 2021). Hence, it was emphasized that the existence of
Enterococcus in ponds must be taken seriously (Said et al 2017; Rizkiantino et al 2021).
Transmission into aquatic animals from polluted waters has been reported (Araujo et al
2021). In this study, low DO and high P was recorded, suggesting a certain level of
pollution. Maniango River is part of the Pampanga River System and it was reported that
this lotic system is highly polluted and contaminated based on the studied environmental
parameters (Reyes & Labasan 2018). As cited by Reyes & Reyes (2019), E. faecalis is
among the bacterial species isolated from the water and sediment of Pampanga River.
Organic fertilizers such as chicken droppings may also serve as vector in the occurrence
of Enterococcus. Some participating farms are using chicken droppings as fertilizer during
pond preparation. Also, a number of poultry farms are operating within the municipality
which could transmit bacteria through direct and indirect means (Reyes 2018). Fecal
materials from local and migratory birds feeding on tilapia ponds might also be involved
(Radhouani et al 2011). The persistence of bacteria in manures is one of the important
factors of transmission (Elsaidy et al 2015). Petersen & Daalsgard (2003) observed that
the presence of various Enterococcus species in ponds is due to fecal inputs from the
integrated fish-poultry systems. Igbenosa et al (2016) suggested proper use of manure
products in pond preparation to prevent enterococci infection. Kuhn et al (2003) reported
that a 30% reduction on Enterococcus incidence was observed in crops that were not
applied with animal fertilizers.

Table 3
Presence and prevalence rate of Enterococcus in participating farms
Sample Presence in each farm Prevalence
F1 F2 F3 F4 F5 F6 F7 F8 rate (%)
Fish + + + + + + + + 100.00
Water + + + + + + + + 100.00
Sediment + + + + + + + + 100.00

“+” = present.

Colony count. In terms of bacterial abundance, the farm level count revealed a mean of
1.89 x 107 CFU g, 2.83 x 10° CFU mL"! and 8.01 x 10’ CFU g in fish, water and
sediment, respectively (Table 4). In fish, the highest humber was observed in F3. In
water and sediment, the highest humber was recorded in F8. At present, the current
legislation in the country does not determine the permissible limit for enterococci in fish
and its environment.
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Table 4
Colony count of Enterococcus in participating farms

Total viable count in each farm
+
sample FI _F2 F3  F4 F5 F6 _F7 __rg  |Mean®SD
Fish (CFU g1) * 107 1.72 1.64 242 193 1.73 2.38 1.64 1.65 1.89+0.33
Water (CFU mL™?) * 103 3.80 1.03 3.20 4.13 820 5.08 8.40 8.70 2.83+2.83

Sediment (CFU mL™")* 10’ 7,58 3.40 4.80 3.55 9.37 6.27 5.00 14.12 6.76+3.59

Relationship of environmental variables and abundance of Enterococcus. The
correlation coefficients between environmental variables and colony count of
enterococcus in water and sediment samples are given in Tables 5 and 6.

Table 5
Correlation coefficients (r) between water quality variables and colony count

CC‘;’I‘J’I’;' g’ Temp DO pH  SDV Sal DS  EC NH;
Colony R 1 0.85"  -0.07 0.68 -0.58 -0.78" 0.13 0.39 -0.26
count
Colony  Sig. 0.01 0.86 0.06 0.13 0.02 0.75 0.33 0.54
count

* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed).

Table 6
Correlation coefficients (r) between sediment quality variables and colony count

Colony count pH oM N P
Colony count r 1 0.038 0.095 -0.024 0.824"
Colony count Sig. 0.929 0.822 0.955 0.012

* Correlation is significant at the 0.05 level (2-tailed).

In this study, the correlation coefficients were used to measure the strength of linear
association between the two variables. As revealed, colony count is significantly
associated with temperature (p < 0.01) and salinity (p < 0.05). This suggests that these
variables have significant influence on the abundance of Enterococcus. However, these
two variables may have different effects on abundance. It can be noted that the
relationship of temperature and abundance has strong positive value, indicating that an
increase in the abundance of the bacterium could be a function of temperature. This is in
conformity with the findings of Ismail et al (2016) and Reyes et al (2021) that bacterial
count and water temperature are significantly correlated with one another. This is in
contrast with the relationship exhibited by salinity and abundance. The result revealed a
strong negative value, indicating that an increase in the level of salinity could negatively
affect the abundance of the bacterium. Enterococci are free-living and opportunistic
bacteria, either in water or fish (David et al 2010). It can thrive in environmental
conditions that destroy other microorganisms and on the contrary to other bacteria, E.
faecalis and related species can survive for a longer time outside its host. Ecologically,
Enterococcus grow in a wide range of temperature, usually 10 to 45°C (Ramsay et al
2014); however, optimal temperature was recorded at 42.7°C under aerobic condition
(Van den Berghe et al 2006). E. faecalis and E. faecium can survive a 60°C heating
temperature for a short period (Hardie & Whiley 1997; Moreno et al 2006). As to salinity,
the pathogen is known to be euryhaline and growth was still observed even at 6.5% NaCl
(Byappanahalli et al 2012). Growth can still be observed in both hypertonic and
hypotonic conditions (Van Tyne & Gilmore 2014). E. faecalis also exhibits tolerance to
wide pH changes, of which optimum was observed at pH 7.5 (Van den Berghe et al
2006). Nakajo et al (2006) suggested that the resistance of E. faecalis to acidic and
alkaline conditions can be associated with membrane-bound H™-ATPase activity. This
could explain that despite of high pH level in water and low pH level in the sediment of
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tilapia farms, abundance did not widely vary. In terms of sediment quality and
abundance, P concentration also showed certain level of significance (p < 0.05). The
obtained value 0.824 suggests that P has strong positive effect on the abundance of
Enterococcus in the sediment. Toothman et al (2009) cited that P limits bacterial
production in freshwater and Enterococcus is among the types of fecal bacteria that can
be enhanced by increasing P concentrations. Most of the farms in the area are heavily
dependent on commercial feed to support the culture of tilapia. According to Sun & Boyd
(2013) feed is the major source of P (estimate of 98.9%) in feed-based aquaculture
ponds. Provision of excessive feeds and accumulation of fish wastes in the pond could
deteriorate both water and sediment leading to high P (Reyes et al 2021). Highest
abundance of Enterococcus in sediment was observed in farm with the highest P
concentration, indicating its significance. Moreover, the observed mean abundance of
Enterococcus in the sediment is relatively higher compared with the report of Di Cesare
et al (2013) in central Italy and Araujo et al (2021) in southern Brazil.

Noteworthy, the ability of the bacteria to survive adverse environments allows
multiple routes of cross contamination (Fisher & Phillips 2009). The abundance of the
species is also commonly correlated with the human wastes disposal and widely used as
a tool for the recreational quality of fresh and marine waters (Byappanahalli et al 2012;
Gin & Goh 2013). It was reported earlier that Enterococcus species can be present in the
water and substrates of coastal farms throughout the year, with seasonal changes in
their distribution and abundance (Yasunaga 1982). The primary factor responsible for the
spread of enterococci in freshwater is human activity (Wade et al 2008). However,
previous researches have shown that the distribution of this species in a variety of
environments is not a total function of human and animal fecal inputs. Hence, this
supports the results of previous studies that the species can be isolated from aquatic
habitats, life forms and food products (Signoretto et al 2004; Noordiana et al 2013;
Alipour et al 2014; Braiek & Smaoui 2019; Araujo et al 2021). Aquaculture farms can
serve as reservoirs and influence the abundance and distribution of enterococci which
may constitute an underestimated health risk (Di Cesare et al 2013).

Despite having 100% prevalence rate and high abundance, the fish remained
healthy. Fish might have activated its adaptive immunity. According to Reyes et al
(2021), the adaptive systems of the fish tend to be activated at high temperature. In this
process, innate responses including lysosome and phagocytic cells are involved (Zahran
et al 2019). The immunity of the fish against the pathogen was not compromised as the
mean temperature in the period of assessment is still in the optimum range. However,
the fish is at risk when environmental quality has been degraded. Plumb & Hanson
(2010) mentioned that tilapia is highly susceptible to the attack of enterococcal
pathogen. At present, different strains of E. faecalis are playing crucial role in the
development of streptococcosis-like disease in tilapia (Akter et al 2021). Previously, it
was reported that E. faecalis has brought mass mortality in the integrated farm system in
Thailand (Petersen & Daalsgard 2003). In Egypt, enterococcal infection (enterococcosis)
is associated with other known diseases such as lactococcosis and streptococcosis of
which the causative agents are claimed to be synonymous. Prevalence can reach up to
85% in extensive, semi-intensive and intensive farms (Abdel-Aziz et al 2003). An
assessment of Nile tilapia septicemia from aquaculture and wild sites in Egypt showed the
dominance of E. faecalis in the isolates (Osman et al 2017). Recently, Hassan et al
(2022) reported a 50.5% total prevalence of E. faecalis in cultured Nile tilapia and Mugil
cephalus. Abu-Elala et al (2019) mentioned that the Egyptian strain of the pathogen can
cause 30% mortality in tilapia. To add, E. faecalis and related species have been isolated
and causing infections in some tropical tilapia farms (David et al 2010; Arumugam et al
2017; Reyes & Madrid 2020; Rizkiantino et al 2020; Akter et al 2021). The presence of
the pathogen in other freshwater fishes indicates the probability of its virulence (Rahman
et al 2017). E. faecalis infections were also observed in some marine fishes. Barros et al
(2011) isolated 73 enterococci from the fecal samples of gilthead sea bream (Sparus
aurata) of which 8% of these are E. faecalis. Furthermore, the study of Mahmoud et al
(2021) showed the opportunistic activity of E. faecalis in flathead grey mullet (M.
cephalus) infested with the ectoparasite Ergasilus extensus. A 7% prevalence rate was
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also detected in cultured Indian prawn (Fenneropenaeus indicus) implying that
crustaceans are also vulnerable to infection (El-far et al 2015).

Conclusions. In conclusion, the study was able to generate an information on the
prevalence and abundance of enterococcus bacteria as well as some important farm,
stock and environmental characteristics that could be used to identify appropriate actions
that could prevent the occurrence of such infection and public health risk in the tilapia
production system of BUDAMASA areas in Minalin, Pampanga. Enterococcus has high
prevalence and abundance. The abundance in the environment is a direct influence of
water temperature and sediment phosphorous. Although samples of fish were in healthy
condition, appropriate cultural practices must be followed to maintain conducive
environment and control the proliferation of enterococcus in the production system.
However, the study has an inherent limitation. Therefore, follow up studies must be
conducted particularly on the seasonal occurrence of enterococcal infections, risk factors
associated with the disease, and presence of multi-drug resistant isolates.
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