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Abstract
The study objective was to evaluate the effects of �sh stocking density on the prevalence of pathogens
isolated from sixty clinically healthy �shes reared under different densities in �oating net-cages in Setiu
lagoon. The water temperature, pH, DO, TDS, salinity, water clarity, depth, and coliform concentration, were
all determined within the �sh cages. The healthy �sh samples were randomly collected from 3 sites in
cages with low and high stocking densities at each site. The bacteria were isolated from the skin, gills,
kidneys, and liver of each �sh sample, followed by identi�cation to species level using the VITEK-2 system.

The pathogens with beta-hemolysis characteristics were selected for antibiotic susceptibility against the
following drugs: AM-10 µg, P-10 U, CL-30 µg, TC-30 µg, CP-5 µg, GM-10 µg, KM-30µg, and SM-10 µg. Water
quality parameters showed no differences between the cages of low and high �sh densities except for site
C.

The total number of isolates, microbial species, and the number of pathogens isolated from �sh revealed no
signi�cant difference between the �sh stocked in low and high densities. A total of 25 bacterial species
were isolated, which included 14 gram-positive and 11 gram-negative. The (SM) drug application is
suspected on this farm.

1. Introduction
       Nowadays, as the world population is expanding, the demand for food is increasing especially for �sh
consumption. Therefore, solutions have been introduced mainly by intensive aquaculture systems that have
become the point of economic interest of many farmers. In the case of Setiu Wetlands, Malaysia, this area
has a signi�cant potential for both aquaculture activities and �sheries such as �oating net cages that have
become one of the fastest �ourishing economic activities. Stocking large quantities of biomass/�sh
numbers with larger feed inputs in the �sh ponds allows more �nancial income, but it can eventually lead to
disease outbreaks (Duarte et al., 2019; Das et al., 2019). Wang et al., (2018) have indicated that intensive
stocking �sh densities in cage cultures increase the competition for food, living space and social
interactions between the �sh individuals, which is a food ration hierarchy (e.g., �sh at the cage-bed get less
food), and aggressive behaviors between �sh individuals. 

Moreover, it causes lowering of individual �sh growth and increasing cortisol (stress hormone) levels (Wang
et al., 2019; Wang et al., 2019). The latter is the physiological factor responsible for immunosuppression,
i.e., it reduces the immune competence to respond to harmful agents such as pathogens. In addition, a
common problem is �sh compression at the bed of the cage culture due to gravitational �sh weight, which
can cause abrasions and also injuries by spines of the adjacent �sh (Conte, 2004).

        The intensive production of �sh in cages might induce deleterious effects on the ambient aquatic
environment such as water pollution resulting from nutrient leaching of uneaten �sh feed and �sh excreta
inputs from cages to the surrounding environment makes the cage farms as an extra source of nutrients
that encourage microbial growth. thus, poor water quality is considered a source of stress that reduces the
health of cultured �sh and makes them more susceptible to bacterial infections (Zamri-Saad et al., 2014).
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As an approach for disease management, �sh producers tackle such problems by removing the infected
and dead �sh from the cages and by the frequent use of antibiotics to treat diseases (Chitmanat et al.,
2016), as well as for prophylactic purposes for the healthy �sh (Miller & Harbottle, 2018). Unfortunately, the
frequent use of the antibiotics contributes to lower the immune defense, through disturbances of the host-
microbiota, increases the risk emergence of antibiotic-resistant bacteria in the environment and the host
animal microbiome (López et al., 2018), and the presence of antibiotic residues in �sh tissues (Zamri-Saad
et al., 2014; Chitmanat et al., 2016).

There are viable alternative procedures that have been developed as primary preventive measures to control
disease problems in �sh farms, e.g., the use of immunostimulants comprises of) vitamins A, C, and E (Wang
et al., 2016);  herbal extracts, prebiotics, and probiotic bacteria (Assefa & Abunna, 2018). The latter is known
to reinforce nonspeci�c �sh immunity. While �sh vaccination is a prophylactic method used to improve the
acquired immunity of the �sh and protect them against speci�c disease outbreaks, also its economically-
important in aquaculture that helps in decreasing the use of antibiotics. 

Lastly, the application biosecurity strategies on �sh farms are mainly represented in the proper quantities of
food rations, clean feed source, cleaning or changing the net-cages, disposal of dead �sh away from the
riverbanks (Chitmanat et al., 2016), avoidance of high stocking densities (Assefa & Abunna, 2018), use of
clean equipment, limited �sh transfer between cages, monitoring of vector prevalence (e.g., birds and
rodents), and also when handling the �sh (e.g., clean human hands or wearing protective gloves). 

          This study was undertaken to evaluate the effects of �sh stocking density on the prevalence of
pathogens isolated from �sh reared in commercial �oating net-cages in Setiu Wetland and assessing their
antibiotic susceptibility pro�les. We assumed that �sh under high stocking density requires high feed inputs
that in turn will generate high levels of excreta and food leaking, which affect the water quality parameters
and promote bacterial growth; and  need high amounts of antibiotic use (e.g., prophylactic purpose) which
in turn result in more resistant bacterial strains.

        The results of the present study can provide us insight into information about the sustainability of the
farm during a critical period of environmental stress, especially when the temperature is 30 °C and above in
dry season.

2. Materials And Methods

2.1   Study area
       The study was conducted at a private commercial �sh culture farm located in Setiu Wetland, along the
north coast of the Terengganu state, Malaysia facing the South China Sea (Figure 1). 

2.2   Culture cages
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       In this study, the �sh farm has a total of 50 �oating net-cages �lled two �sh species separately; the tiger
grouper (Epinephelus fuscoguttatus) and the Asian seabass (Lates calcarifer). Both varied in age group and
numbers per cage per sampling site, the latter species was the most abundant in this farm due to its low
economical price. These cages came in two different depths (1.7 m in sites A and C, while 1.9 m in site B).
The �sh stocking density was determined by the number of �sh per cage of the three-dimensional medium
(Conte, 2004). The �sh density was determined, by pulling submerged nets into separate quadrants and
visually determining their density to con�rm the stocked �sh numbers that were indicated by the farm
owners. The latter continuously replenish the cages with new �sh after they harvest the �sh to sell it to the
local markets (personal communication). 

 

 The small cages contained a low �sh density (Table 1), except for the cages at site A2. Their dimensions
were 4.9 m (length) x 3 m (width) x 1.7 m (depth), with a total volume of 24.99 m3, for the cages at the sites
A1, A2, and C1, and 27.93 m3 at the site B1. The high �sh density was contained in small cages at the site
A2, and in big cages: 6 m (length) x 3 m (width) x 1.7 m (depth) elsewhere. Their volume was 30.6 m3 at the
site C2 and 34.2 m3 at the site B2.

            The �sh were fed two times a day with a commercially manufactured feeds pellet (Poly �sh feed,
Star feed, Malaysia). The total number of stocked �sh per sampled cages was between 300 – 1000 �sh;
and the selected �sh samples for this study were within the marketable weight (700 gm – 1000 gm).

 

2.3   Fish Sampling
The �sh samplings were conducted in July 2018 during the dry season from three sites A, B, and C (see
Figure 1 ). The �sh were randomly collected with a total of sixty (60), consisted of 20 tiger grouper and 40
seabass from cages of 2 different �sh densities at each site. Gross examination indicates that all �shes
were healthy. According to the farm history, there were no disease outbreaks on this farm.
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Table 1.  Study sampling design, �sh species, and their densities among the sampling sites.
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Cages Total �sh no.
stocked per net-
cage

Stocking
density
(�sh/m3)

Sampled
Fish

Fish
species

Sampling

sites

GPS
coordinates

             

  300 12 10 Grouper  

 

*A1

N
05°40'59.6"
 E
102°42'40.7"

Low �sh
density

400 14.32 10 Seabass a B1  

 

N
05°40'54.5"
 E
102°42'42.2"

 

  600 24 10 Seabass *C1 N
05°40'45.1"
 E
102°42'50.3"

             

  600 24 10 Grouper            
*A2

N
05°40'59.5"
 E
102°42'40.7"

 

 

 

High �sh
density

1000 29.23 10 Seabass                   w

B2
N 5°40'54.5"

E
102°42'41.4"

 

  1000 32.68 10 Seabass                      

b C2
N
05°40'45.6"
 E
102°42'50.0"

           

Total     3600 136.23     60      

The volume of submerged net-cages in the water: * = 24.99 m3, a = 27.93, b = 30.6 m3, w

= 34.2 m3.
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2.3.2 Measurements of water quality parameters and GPS
      Temperature, pH, dissolved oxygen (DO), total dissolved solids (TDS) and salinity, were all determined
using a portable device YSI multiprobe sensor (YSI, 556 MPS, USA). Water transparency was determined
using a Secchi disk (Wildlife Supply Company, USA). All parameters were measured within the cages before,
during and after the �sh sampling; from three different depths (below the water surface, 1 m  and 2 m)  
Besides, the water �ow rate was assessed using a current water meter (Model: Valeport, UK), and the depth
of the water column was measured by an ultrasonic depth sensor (Speed Tech SM-5, USA) at the three
sampling sites.

The instrument sensors were calibrated according to the manufacturer’s recommendations before �eld
sampling. GPS coordinates of the sampling sites were taken using a Garmin GPS device (SNAP 276C, US).
The map of the study area was created by using the following programs: Google Earth V. 7.3 and ArcMap V.
10.3.

 

2.3.3 Water sampling and analysis of microbiological quality

Water samples of yellowish-brown color were collected in sterile plastic containers of 50 ml within the �sh
sampling cages, at a depth of 15-20 cm below the water surface due to the shallowness of water in the
study area (less than 2 m max deep) (Table 2).  The fecal contamination in the water samples was
analysed using the most probable number (MPN) method for coliform bacteria according to the  WHO
guidelines (  Bartram & Rees, 2000; Bumadian et al., 2013, Mishra et al., 2018).

 

2.4    Bacterial isolation and identi�cation methods
      The �sh was selected based on its healthy appearance and further observed for any signs of common
diseases such as abdominal swelling, external ulcers, hemorrhages along the skin, gills, eyes, and �ns. Also
during the dissecting procedure, the examination was extended to the kidneys and liver, which was done
according to the published guidelines by Nagasawa & Cruz-Lacierda, (2004). 

     The bacteria were isolated in three replicates of the outer parts (skin and gills) and internal parts (liver
and kidney) of each �sh sample, plated on three media; Zobell Marine Agar (ZMA) (HIMEDIA, India),
Thiosulphate-Citrate Bile Salts Sucrose (TCBS) agar (Difco™,  USA), ready to use Blood Agar plates (Thermo
Scienti�c Microbiology Sdn Bhd,   Malaysia). The instructions of the inoculation method were followed from
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The instructions of inoculation method were followed the Public Health England, standards for
microbiology investigations (UK, SMI, 2017). 

      All the inoculated media were incubated at 37˚C for 24 hours. The bacterial colonies that grew were
sorted into different types according to the colony characteristics such as shape, size, color, structure, edge,
elevation, and the opacity. After successive sub-culturing onto additional media of (ZMA) and (TCBS)-agar,
pure colonies were obtained. 

        The puri�ed isolates were subjected to conventional simple tests such as oxidase and catalase tests.
Further, the isolates were stained by Gram staining procedures then were divided into two groups of gram
positive and negative bacteria to specify the appropriate cards type used in the microbial identi�cation
VITEK®2 System (BioMérieux, USA) and identi�cation process was carried out to species level using an
automated bacterial identi�cation instrument (VITEK-2 Compact System, BioMérieux, USA).

2.5   Hemolytic activity
      The pure isolates were tested for hemolytic activity according to the guidelines from Chow et al., 1983.
was done by transferring a loopful of freshly cultured bacteria on (ZMA) and streaked onto Blood agar
plates (made of 5% of sterile fresh sheep blood) for 24 hours at 37°C. The observed clear zones of
hemolysis around the colonies indicate the ability of tested bacteria to hemolyze erythrocytes.

2.6 Antibiotic susceptibility

      To avoid inappropriate antimicrobial agents for this experiment and to isolate resistant strains, the �sh
farmers were asked (personal communication) whether they use any antibiotic supplement: they claimed
not using anything else than feed pellets. 

              A range of antibiotics was selected based on three criteria namely the most commonly used in
aquaculture and human therapy (Scarano et al., 2014);  the annual reports of the World Organisation for
Animal Health regarding general antimicrobial agents used in aquatic food-producing animals (OIE, 2018);
and  their inhibition mechanisms (modes of action) against bacterial strains. 

The hemolytic bacterial isolates were tested for antibiotic susceptibility against eight (8) antibiotics
(Oxoid®, UK), (see Table 3). 

 

Table 3. The antimicrobials selected for the susceptibility test of isolated pathogenic bacteria.
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No. Gram positive Gram negative

1 Chloramphenicol 30 µg Gentamicin 10 µg

2 Ampicillin 10 µg Cipro�oxacin 5 µg

3 Penicillin 10 units Streptomycin 10 µg

4 Tetracycline 30 µg Kanamycin 30 µg

 

 

             The susceptibility test was done using the Kirby-Bauer disk diffusion method on (MHA) to determine
the resulting inhibition zones of the tested antibiotic against the isolated pathogen. The bacterial inoculum
preparation followed the “direct colony suspension method” according to guidelines of the National
Committee for Clinical Laboratory Standards (NCCLS, 2002). 

       The sensitive isolates were classi�ed as susceptible, or intermediate according to the published
standardized breakpoint values in the guides (NCCLS, 2002; CLSI, 2015; 2017) except for the streptomycin
antibiotic (breakpoint values for other organisms) was determined from (https://bio.libretexts.org) see Table
4.  

       A quality control test for drug susceptibility testing was done for the selected antibiotics using
environmental strains of Escherichia coli and Bacillus cereus; that were obtained from microbiology lab at
the Institute of Marine Biotechnology, Universiti Malaysia Terengganu.

 

 

2.7  Data analysis 
      The data analysis was performed using the analytical software R version 3.3.2, packages used in R
were: psych, and stats.

Non-parametric statistical analysis was used because the dataset did not meet the assumptions of
normality distribution nor homogeneity of variance even after transformation methods. The Kruskal–Wallis
test was done to compare the differences of the variables among the sampling sites; and the unpaired two-
tailed Wilcoxon–Mann–Whitney test was used to make a pairwise comparison test with Bonferroni
correction to identify the signi�cant differences between each variable within and among each sampling
site. 

The tested variables were between cages with low and high �sh densities: (i) the water physicochemical
parameters; (ii) the total number of bacterial isolates; (iii) the total number of pathogen isolates; and (iv) the

https://bio.libretexts.org/
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total number of pathogenic species. 

            The Spearman's rank correlation coe�cient test (rho) was used to determine the possible correlations
between the water quality parameters (physicochemical and microbiological), �sh density, and the total
number of microbial isolates.

      The antibiotic susceptibility data were not normally distributed, homogeneous nor had an equal sample
size between groups of the isolated pathogens from low and high �sh densities. Thus, we determined the
median values of the bacterial susceptibility pro�les to test for the signi�cance and plotted the means and
standard error (± SE) of the bacterial susceptibility pro�les in bar charts to see the differences using Excel,
Microsoft Corporation, 2016.    

      Lastly, the maximum: minimum ratio and the overall median ratio were determined to check for the
variation in antibiotic susceptibility within the same bacterial species.

 The signi�cance of the statistical tests was assessed at an α of 5% probability level, and all signi�cant
differences were p < 0.001 (with Bonferroni correction) unless mentioned otherwise. 

3. Results

3.1 Physicochemical parameters  
      Mean values of the physicochemical parameters with their standard deviations (±SD) at all sampling
sites are presented in Table 2. Statistical analyses show that all water quality parameters (temperature, DO,
TDS, salinity, pH, and Secchi depth) were not signi�cantly different between the samples taken from the
cages (A1 and A2) of (12 and 24 �sh/m3) nor between the samples taken from the cages (B1 and B2) of
(14.32 and 29.23 �sh/m3), with the exception for the pH in both B sites and water �ow rate between all
sampling sites (Wilcoxon, P < 0.05).

The sites (C1 and C2) of (24 and 32.68 �sh/m3) showed a signi�cant difference (Wilcoxon, P < 0.05) in all
water parameters except for DO and Secchi depth readings.

However, there was a signi�cant difference in the observed values of water samples between the sampling
sites (A, B and C) for each parameter (Wilcoxon, P < 0.05), except for the water transparency.

      The water sample from C2 has recorded the highest temperature and lowest TDS, salinity, pH, and
moderate water �ow in comparison to other sites. On contrary, the site A1 had the highest DO, TDS, salinity,
Secchi depth, pH and the lowest water �ow among the sampling sites, while B sites showed the lowest
temperature with otherwise moderate water parameters.  

 

3.2 Microbiological parameters



Page 11/36

      Total coliform (TCF) counts of the tested water samples for all sampling sites are shown in Table 5.
Table 6 displays the fecal coliforms counts from the six sampling sites. A further test was done to con�rm
the presence of thermotolerant fecal coliforms (FC) at 44.5°C Table 7. The lowest concentration of (TCF)
was observed at site A, whereas the highest concentration was recorded at site C1. The MPN value index of
(FC) counts varied from 34/100 ml for the site A1 to 920/100 ml in sites B1 and C1.

    

3.3 Bacterial isolates
      A total of 88 bacterial strains were isolated from 60 visually healthy �sh with no clinical sign of bacterial
infections, except one sample that consisted of congested and swollen kidneys upon necropsy, (Table 8 and
Table 9).

      The number of pathogenic isolates (α and β-hemolysins) was higher (86 strains) than the number of
commensal strains (γ- hemolysin) (2 strains). Therefore, no statistical test was performed for differences
between pathogenic and commensal isolates, but instead, we determined the frequency of occurrence for
each pathogen per and among the sampling sites to check for disease status incidence in this farm.

      The number of identi�ed taxa (“species”) was 25; they corresponded to bacterial colonies isolated from
the skin, gills and only one from kidneys. More speci�cally, they represented 24 species and one genus,
which were 14 (56%) gram-positive bacteria and 11 (44%) gram-negative bacteria. The detailed information
on the identi�cation, physiological characteristics, numbers, and frequency of occurrence of each isolate are
presented in Table 8 and Table 9.

      There was no signi�cant difference between the total number of isolates from the low and high �sh
densities among the three main sampling sites (Wilcoxon, P > 0.05), but there were signi�cant differences
between the sites A1 with B1, C1, C2, and site A2 with C2, (Figure 2). The total numbers of isolated species
showed no signi�cant difference between the cages of low versus high �sh densities (Wilcoxon, P > 0.05),
(Figure 3). However, the most common species isolated were Staphylococcus warneri (n = 14, 15.90%)
followed by Staphylococcus sciuri (n = 13, 14.77%), Proteus mirabilis (n = 8, 9.1%), Staph.
pseudintermedius (n = 6, 6.81%), Micrococcus luteus and Bacillus cereus group (n=5 isolates each, 5.68%).
The bacterial species with 3 isolates each (3.41%) were Rhizobium radiobacter and Sphingomonas
paucimobilis.        

      The total isolates revealed three types of bacterial hemolysins: Alpha (α), Beta (β), and Gamma (γ)
hemolysin’s that recorded 52 (59.1%) strains, 34 (38.63%) strains and 2 (2.27%) strains respectively. The
dominant bacteria of producing cytotoxins (α and β categories) (n=86, 97.73%) mostly were gram-positive
(61 strains, 69.32%) compared to gram-negative ones (25 strains, 28.41%). Nonetheless, the statistical
analysis revealed no signi�cant difference (even after excluding the two gamma strains from site B1 and
C1) between the pathogenic strains isolated from �sh stocked in low density versus high density at the
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three sampling sites (Wilcoxon, P > 0.05). A signi�cant difference was however observed between the site
C2 and the site A1 or A2, (Figure 4).

3.4 Antibiotic susceptibility
      The susceptibilities of β-hemolytic bacteria (n=34) were assessed against eight different antibiotic
agents then a summary is presented in Table 10.

      In general, most tested isolates exhibited susceptibility to the selected drugs, (Figure 5). All tested strains
of gram-positive bacteria (n=22) showed susceptibility to (CL), (AM), (P), and (TC), with the exception of
strains of the group Bacillus cereus, which were resistant to most of the selected drugs except (CL). The
Bacillus cereus group showed resistance of 22.73% to each (AM) and (P) and about 13.64% to (TC).

      However, the resistance of some isolates was observed: Pseudomonas aeruginosa towards (KM) (this
strain represented 8.33% of the 12 strains tested), Vibrio parahaemolyticus towards (SM) (8.33%), and
Rhizobium radiobacter towards (GM) (8.33%) and (SM) (8.33%). Most of the gram-negative strains revealed
intermediate susceptibility of 41.67% to (SM), (Figure 5).

Mean values and standard errors (±SE) of the diameter of the inhibitory zones are presented in Figure 6. The
susceptibility pro�les of the isolated pathogens from �sh stocked in low density were signi�cantly less
susceptible to (CP), (GM), (KM), and (TC), except for (SM) which shown signi�cantly lower susceptibility
values for the pathogens isolated from high �sh density. The antimicrobial agents: (AM), (CL), and (P)
showed no signi�cant difference because equal medians were obtained (24, 32, and 33 respectively)
between both low and high susceptibility treatments (Figure 6).

      The Maximum: Minimum Ratio (MMR) and the overall median ratio were calculated as a measure of
variation in the levels of antimicrobial resistance for the same species of isolated pathogens. For this
setting, we selected only the pathogenic bacteria that shown resistance for more than two strains, which
were for the Bacillus cereus group (5 strains).

The (MMRs) and the median ratios for this bacterial group showed a high variation in the resistance pro�les
for the tested drugs, which were as follow:  (20:8) - 14,   (22:8) - 15, and (25:10) - 17.5 for the drugs (AM), (P),
and (TC) respectively.
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Parameters Sampling sites

A1 A2 B1 B2 C1 C2

Temperature (°C) 30.29 ±
0.03 hh, b

30.31 ±
0.03 hh, g

30.17 ±
0.05 ff, b, g

s

30.16 ±
0.07 ff, b, g,

s

30.29 ±
0.03 hh, s, aa

30.40 ± 0.00 b,

s, g, aa

DO (mg/L) 5.19 ±
0.33 ee, b

4.99 ±
0.31 ee, w

4.50 ±
0.19 bb, b,

w, c

4.22 ±
0.37 bb, b,

w, v

4.14 ± 0.35
cc, b, w, c, v

4.27 ± 0.23 cc,

b, bb, w

TDS (g/L) 27.29 ±
0.35 cc, b

27.23 ±
0.34 cc, v,

g

25.89 ±
0.39 nn, b,

g, s

26.30 ±
0.50 nn, b,

v, s

24.70 ±
0.08 aa, b, g,

s

23.39 ± 0.08 aa,

b, g, s

Salinity ppt 26.80 ±
0.39 zz, v,

s

26.73 ±
0.37 zz, c,

e

25.36 ±
0.46 uu, s, c,

a

25.78 ±
0.62 uu, v, e,

g

24.06 ±
0.28 aa, s, c,

g, a

22.59 ±
0.10 aa, s, c,

g, a

 

pH 7.95 ±
0.02 ii, b

7.95 ±
0.01 ii, s

7.82 ±
0.03 tt, b, s

g,

7.86 ±
0.03 tt, b, s,

p

7.65 ± 0.01
aa, b, s, g, p

7.34 ± 0.18 aa,

b, s, g, p

Transparency /
Secchi depth (cm)

141.33 ±
1.53 dd, k

125.00 ±
13.23 dd

118.33 ±
2.89 bb, k,

m

117.33 ±
2.52 bb

96.00 ±
1.00 cc, m

100.33 ±
5.51 cc, m

Water �ow rate

(meter/second)

0.03 ± 0.04 ab, ac 0.19 ± 0.08 ab, bc 0.06 ± 0.05 ac, bc

Water depth (m)

in the cages

1.7 1.9 1.7

Table 2. The mean values ± SD for the selected physicochemical water parameters among the sampling
sites.

Legend: P-values interpretation: ac, bc, w, v = (0.001), e = (0.004), ab = (0.028), k, m = (0.07);  the double letter
superscript in the same row are pairwise comparisons between the groups (i.e., A1 & A2, B1 & B2, and C1 &
C2) are NOT signi�cantly different at 5% level with exception of the following letters tt = (P=0.016),  aa  and
any other letters per parameter (row) are pairwise comparisons between groups with a signi�cant difference
(P=0.0001).
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Water
samples

No. of tubes with positive reactions for each volume
of raw water sample

          10 ml             1 ml              0.1 ml

MPN Index per
100 ml

95%
Con�dence
limits

Low High

A1 5 5 2 540 180 1400

A2 5 5 1 350 120 1000

B1 5 5 3 920 300 3200

B2 5 5 3 920 300 3200

C1 5 5 5 >1800

C2 5 5 3 920 300 3200

Table 5. Results of the presumptive tests of total coliform bacteria detection in the water samples.

 

Table 6. Con�rmatory test results for the presence of fecal coliforms on EMB agar medium.

 

 
  
Water samples

Number of positive reactions on EMB agar plates for each sample volume

10 ml 1 ml 0.1

A1 ++++ ++++ –

A2 +++++ +++ –

B1 +++++ +++++ +++

B2 +++++ ++++ +++

C1 +++++ +++++ +++

C2 +++++ +++++ ++

Legend: " + " represent the positive agar plate counts of fecal coliform growth isolated from the positive

 tubes of the presumptive test.

Table 7. Completed test results of fecal thermotolerant bacteria in lactose broth tubes.
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Water
samples

No. of tubes with positive reactions for each volume
of raw water sample

10 ml               1 ml               0.1 ml

MPN Index per
100 ml

95%
Con�dence
limits

Low High

A1 4 4 0 34 12 93

A2 5 3 0 79 25 190

B1 5 5 3 920 300 3200

B2 5 4 3 350 120 1000

C1 5 5 3 920 300 3200

C2 5 5 2 540 180 1400

All the positive results of each lactose broth tube presented in this table have revealed growth of green
metallic

 

Correlation between water quality parameters, �sh density and the
microbial density among the sampling sites
      Correlation coe�cients between water parameters (both physicochemical and microbiological), �sh
density and total isolated bacteria among all sampling sites were determined then presented in Table 11.
Several negative strong and signi�cant correlations were observed for the parameters: salinity, TDS, Secchi
depth (water clarity meter) and pH with the total number of bacterial isolates (Wilcoxon, P < 0.05). They are
plotted in separate graphs (Figure 7), except for the TDS that was exempted from these graphs due to its
strong autocorrelation with salinity. Temperature, water �ow, (TCF) and (FC) concentrations and �sh density
were all positively correlated to the total number of bacterial isolates, but the correlations were non-
signi�cant (Wilcoxon, P > 0.05). The (DO) revealed a non-signi�cant negative moderate correlation
(Wilcoxon, P > 0.05). Fish density showed a non-signi�cant and moderate positive correlation with the total
bacterial counts (Wilcoxon, P > 0.05). 

Table 11.  Correlation coe�cients between water quality parameters, �sh density, and the total number of
isolated bacteria.
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Parameter p Total number of bacterial isolates

rho value

Correlation strength P-value

Temperature 0.1232082 Weak 0.8161

DO g -0.6982533 Moderate 0.1228

*Salinity a, w, d -0.9411239 Strong 0.005098

*TDS a, w, d -0.9411239 Strong 0.005098

* pH w -0.8804063 Strong 0.0206

*Secchi depth g, d -0.8196886 Strong 0.04584

Water �ow 0.6350006 Moderate 0.1755

Fish density 0.7700514 Moderate 0.07324

Total coliforms c 0.6253054 Moderate 0.1843

Fecal coliforms c 0.7084473 Moderate 0.1151

Legend:  a (rho= 0.99, p-value = 0.003), c (rho = 0.85, p-value = 0.03), w, g (rho = 0.94, p-value = 0.01667), d

rho = 0.89, p-value = 0.03333); p (total bacterial isolates among all sampling sites); * parameters that show
signi�cant difference and strong negative correlation with the bacterial isolation numbers.

4. Discussion

4.1 Physicochemical parameters
The results indicated �uctuations in water temperature within the three sampling sites with the lowest
temperature at site B due to the highest freshwater discharge from the estuary towards the cages, which
frequently carried the metabolic wastes of the �sh away from the cages, in addition to the seawater �uxes
during high tide that led to moderate water quality at this site and lower temperature compared to other
study sites. This observation is similar to the temperature variation observed in another study in Setiu
Wetland, they attributed it to the time of day of sampling, and on the tide (Suratman et al. 2016).

On the contrary, site C2 showed the highest temperature and lowest salinity, TDS, and pH compared with C1.
This site had the highest �sh density with potentially high presence of �sh feed that could lead to: (i) high
respiration rate due to the �sh metabolic needs linked to the digestion of food; and (ii) increase �sh excreta
(ammonia) inputs, in addition to the effect of low water currents at site C1 and site C2. Consequently, that
led to increased temperature and lowered pH, besides the low water �ow that was probably insu�cient to
wash away the metabolic wastes. This is in agreement with other studies conducted at Setiu Wetlands,
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where they correlated low pH with low DO concentration in the water column. They suggested that the
excess �sh food and faces discharged from aquaculture are a major factor contributing to the increased
organic decomposition rate, which is responsible for decreasing DO and pH in the water column. (Suratman
et al. 2014; 2016).

Noteworthy, when comparing site A2 with site C1 that both had the same �sh density (24 �sh/m3) and cage
size, and that both received the lowest water in�ow, A2 showed signi�cantly higher mean DO, salinity, TDS
and pH (P < 0.05, except for the temperature that was similar at both sites. This could be due to (i) widely
buffered condition of site A from the seawater currents during high tide, conversely to site C that was
subjected more to freshwater �uxes from the estuary, which was markedly discerned with the decreased
salinity, TDS, DO, pH and water transparency at site C; (ii) different oxygen requirement of different �sh
species (grouper at site A2 versus seabass at site C1); and (iii) possibly higher organic matter
decomposition at site C1. Another point of interest was the sites B2 and C2 that had the same �sh species
but slightly different �sh density (29.23 and 32.68 �sh/m3, respectively). We noted the signi�cantly higher
temperature, reduced salinity, TDS, and pH at site C2 contrary to site B2, ascribed to higher water �ow at site
B2, which offset the effects of high �sh density at site B2. The DO concentration was not different between
these sites, but if compared with sites A2 and C1 that held different �sh species at the same density, it
seemed to suggest that the �sh species at the latter sites had different rates of respiration. A similar
observation was reported by Suratman et al. (2016), where the DO concentration at the same Wetland area
was also found to be low due to the respiration activities of the �sh inside the cage area.

Although water transparency (Secchi depth) showed no signi�cant difference between the study sites, site C
showed the lowest water transparency due to its vicinity from the estuary location (Fig. 1 (A)).

The �ndings showed that some of the water quality parameters such as the salinity had exceeded the
optimal range (15–25) ppt for the grouper at site A (Noor et al., 2018) and pH levels were less than the
optimal range (7.5–8.5) for the seabass (Anil et al., 2010) at site C2, (see Table 2), which means the grouper
�sh in this study were under salinity stress, and the seabass species at site C2 exposed to non-optimal pH.
Thus, we advise the farmers to culture grouper species within the recommended salinity range mentioned
by Noor et al., 2018 and seabass under pH levels of 7.5–8.5 for better health and growth of the cultured �sh,
and to sustain the economic pro�ts.

Although the physicochemical water parameters were not different between the cages of low and high �sh
densities, except the C site, we speci�ed the signi�cant water parameters that correlated with the total
number of bacterial isolations in cultured �sh. These parameters were mainly the salinity, TDS, pH, and
water transparency that were observed to have strong negative associations with the presence of total
bacterial isolations in all the sampling sites.

In general, there was a signi�cant reduction in the mean values of DO, TDS, salinity, and pH from sites A to
B towards site C (see Table 2). The water quality was mostly in�uenced by the environment (e.g., river �ow,
seawater surges), but not much by �sh density, except at site C where the water mixing and the dilution of
�sh waste were poor (Fig. 1).
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4.2 Coliform counts
The results indicated high total coliforms (TCF) at site C1, and the lowest at site A, while fecal
thermotolerant coliforms (FC) were also the lowest at site A but were different among the other sites. The
reasons behind high coliform concentration at C sites may be due to the direct discharge of wastewater
from septic tank, industrial wastewater to the Setiu river and due to the vicinity of C sites from the river
mouth (Fig. 1). Contrary to A sites that are mostly washed by sea water currents during the high tides (Fig. 1
and Table 2). According to Bartram and Rees (2000), the decay rate (die-off) of Enterococci and fecal
coliforms (e.g., E. coli) is higher at high salinity, under high solar radiation exposure (UV effects) and in the
absence of rainfall and vice versa, except for Enterococci that were not affected by the sunlight.

The low water �ow rate and high-water clarity at site A likely facilitated the penetration of solar light into the
water column, in addition to the high salinity and pH during solar exposure were considered as exogenous
factors that play an important role in accelerated microbial decay rate (Nelson et al., 2018) which indicates
the reasons why the coliform concentrations are low at A sites Tables 2 and 5. Similar results were found in
Selangor river where they attributed the presence of coliform contamination due to the existence of many
sewage discharges and industrial e�uents along the river (Faridah et al., 2015). Besides, polluted river water
could have brought coliforms from the surrounding residential area to the estuary, especially in their
attached form to soil particles. This form is known to protect microorganisms from the sunlight effects in
turbid water. Hence, the variation of (TCF) and (FC) concentrations at sites B and C are associated with
hydrodynamics driven by water �ow, salinity changes, and the sedimentation rate of the suspended or
dissolved particles (water transparency).

The total coliform and fecal data counts have indicated the farming area pollution with animal and human
feces; however, they didn't show any signi�cant correlation with the total numbers of bacterial isolation
(Table 11).

4.2 Bacterial isolates
The bacteriology results, at �rst, the observed differences in the total number of bacterial isolation from site
A compared to sites B1, C1, and C2 (Fig. 2) could suggest that the �sh stocking density in�uenced the
microbial isolation, which was the lowest at the site A (Table 1) compared to the �sh densities at the other
sites. But, if we look at the dramatic change in water properties for these sites as if we move from site A
towards C where the estuary is located, and also to the correlation coe�cient between �sh density and the
total number of microbial isolates (Table 11), this could imply that �sh density has no direct effect on the
total number of bacterial isolates.

In addition, although the numbers of isolated species seemed to be higher in sites B and C, the results
showed no difference between all the isolated species from low and high �sh densities; therefore, our �rst
hypothesis is rejected. In comparison with other studies, Chakraborty et al. (2010) postulated that 50
�sh/m3 is optimum stocking density while 75 to 100 �sh/m3 is considered high to Nile tilapia species
because within those densities a rise in plasma cortisol concentrations was evident due to social stress
between �sh individuals as well as the survival rate was reduced by 60%. Farhaduzzaman et al. (2020) have
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recommended that the optimum density should not exceed 35 to 43 �sh/m3. This suggests that our
selected �sh stocking densities were within normal ranges in this study (Table 1), which is why the �sh
density showed no effects on the pathogen numbers, the species numbers, and overall bacterial isolations.
Nevertheless, the isolated bacterial species were variable among sampling sites, it could be due to the
differences in water parameters among the sampling sites (Fig. 3, Tables 2 and 8). Similarly, other studies
have reported that physico-chemical parameters showed their importance in in�uencing the occurrence and
the density of bacterial populations (Gorlach et al., 2013; Amal et al., 2015; Nurul Izzatul et al., 2016).

The signi�cant difference in total pathogens isolation between the sites A1 and A2 with the site C2, (Fig. 4)
is attributed to different factors; (i) if we closely observe the �sh densities at sites A1 and A2, and compared
them with densities of sites C1 and C2 respectively (see Table 1); (ii) check the water quality between the A
and C sites (see Table 2), we spot both A2 and C1 have the same density; A2 differed from C2 in the number
of pathogen isolation but not C1 from C2 (Fig. 4). The main points here are the differences in the �sh
species and water quality parameters (the concept was discussed previously in the water quality part).

The higher number of microbes isolates at site C2 can be explained by several factors like excess feed
inputs, an increase in �sh respiration, metabolic waste accumulation, and temperature, plus the slower
water in�ow into the cage surroundings, the low salinity, and the water clarity. Moreover, the non-optimal pH
maybe stresses the cultured �sh, and make them more susceptible to bacterial infections (see Table 2 and
Fig. 4).

Generally, among all sampling sites we observed that the salinity, TDS, pH, and water transparency were
strongly negatively correlated with the occurrence of total bacterial isolates (see Figs. 2 & 5, and Tables 2 &
11), while neither the �sh density nor the coliform concentrations did show a signi�cant correlation with
total bacterial isolates among all sites (see Table 11).

Despite bacteria have recovery strategies to repair sub-fatal injuries after sunlight damage, there is evidence
that sunlight exposure is known to cause immediate damage to bacterial DNA, their cell membranes,
cytoplasmic proteins, scavenging enzymes, e.g., direct photolysis of catalase, in addition to other factors
such as higher salinity and pH during solar irradiation (Nelson et al., 2018). They likely in�uenced the
microbial density and composition in the environment surrounding site A.

As we observed, that water characteristics have favored the cultured seabass to harbor more pathogens at
sites B and C, such pathogens may be also the result of the diseased or carrier �sh. More speci�cally, a non-
optimal pH level was noticed at site C2 with a potential of high microbial load surrounding the cages
(Table 9). On the other hand, although grouper species were stocked in the lowest densities (i.e., less
crowding contact between individuals) (see Table 1) and potentially less microbial load in the surrounding
water compared to other study sites (Table 9), the non-optimal salinity levels are considered a stressful
condition to these species (Noor et al., 2018), that led to some bacterial infections.

Additionally, the mucosal surfaces of the �sh skin and gills are colonized by commensal microorganisms
that act as a primary defense mechanism to protect the �sh individuals from the pathogenic challenges, but
any alteration in their abundance leads to increased susceptibility to opportunistic pathogens. For example,
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Musharra�eh et al. (2014) revealed that �sh transport and handling led to acute stress that altered the
commensal bacteria of the rainbow trout skin; likewise, Zhang et al. (2018) reported that parasite infection
led to a decreased abundance of skin commensals in a teleost �sh experiment.

A broad range of bacterial taxa was isolated from cultured seabass and grouper that showed no clinical
sign of disease like in other published studies, which were mostly Gram-positive (Marcel et al., 2013,
Scarano et al., 2014; Nurul Izzatul et al., 2016) except for one isolate which was from congested kidneys.

The dominant bacteria in our study were Staphylococcus warneri and Staphylococcus sciuri, which were
recovered from the skin and gills of the �sh samples. In general, these species are found as commensal
microbiomes in the �sh (Musharra�eh et al., 2014; Beims et al., 2016), including Staphylococcus vitulinus,
but it also mentioned as pathogens with previous reports in a different study on the �sh (Beims et al., 2016).

In this study, we additionally isolated Staphylococcus pseudintermedius, a commensal bacterium in the
dog's skin. Its presence in sites A and B suggests either that the water surrounding the cage culture or the
net-transfer equipment was contaminated with infected dogs or their mucus.

The detection of Proteus mirabilis, Klebsiella oxytoca, and Enterococcus species in �sh mainly occurred at
sites B and C, which may originate from the contaminated water surrounding the cage culture with the
excretion of animals and human feces, (Table 8).

The members of the Bacillus cereus group were B. cereus, B. thuringiensis, and B. mycoides, they are
ubiquitous in nature, soil, and foods; they are spore-forming bacteria, also have a saprophytic life cycle and
can germinate in the soil (Ehling-Schulz et al., 2018).

All our isolates of the Bacillus cereus group showed beta hemolytic activity, yet, the pathogenicity of these
species is variable: from an opportunistic pathogen, B. cereus, entomopathogens, B. thuringiensis (Ehling-
Schulz et al., 2018), while strains of B. mycoides have not been reported as pathogenic yet.

The species Micrococcus lutes, Pseudomonas aeruginosa, and Aeromonas hydrophila found in this study
are similar to other �ndings, these species had also been isolated and identi�ed as pathogenic strains from
freshwater �sh in Malaysia by Marcel et al. (2013).

Leuconostoc pseudomesenteroides found in this study had also been previously isolated from fecal
samples of Tibetan yaks and regarded as a potential bacteriostatic agent against pathogens (Wang et al.,
2018).

In this study, we isolated several other pathogens, which consisted of Streptococcus agalactiae and
Lactococcus garviae, they are reported as major etiologic agents of �sh diseases in aquaculture (Mishra et
al., 2018; Pękala-Sa�ńska, 2018); Acinetobacter radioresistens and Aerococcus viridans are widely
dispersed in nature, aquatic environment, sewage, and soil, it causes different diseases to animals and
humans (Al Atrouni et al., 2016); The isolated species Sphingomonas paucimobilis and Stenotrophomonas
maltophilia are considered among the most frequent pathogens in �sh (Pękala-Sa�ńska, 2018); Kocuria
kristinae is acknowledged as skin commensal in mammals but is also found in various environmental
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niches (Pękala-Sa�ńska, 2018). Therefore, we assumed that such bacteria might be derived from the
polluted water that contaminating the site B; Rhizobium radiobacter is a saprophytic bacterium found in soil
and plants, its presence in our isolates is attributed to the contamination of water with these bacteria. It's
reported as an opportunistic pathogen to immunocompromised humans (Stamou et al., 2018).

Finally, Vibrio species are widespread in the estuarine and coastal marine environments and was reported in
other studies to cause economically important diseases in the cultured �sh farms in different countries (Ina-
Salwany et al., 2019).

Since the mechanism of α and β hemolysins is based on a receptor-mediated interaction with the
cytoplasmic membranes of target cells (Kong et al., 2016); we speculated the reason why the majority of the
isolates lacked γ-hemolysin expression is that the phospholipids forming the membrane surfaces of the
tested erythrocytes were probably more sensitive to the produced α toxins or the enzymatic properties of the
produced hemolysin may vary between the isolated strains in this study. Therefore, we have selected the
pathogenic isolates with β-hemolysis to be tested for antibiotic susceptibility.

Although there was no evidence of tissue damage (excluding the congested kidneys sample) of the �sh
organs due to pathogens in this study, the presence of alpha strains does not necessarily cause serious
disease problems in �sh aquaculture, in comparison with the beta strains that impose a higher risk of
pathogenicity (this was illustrated by complete lysis of erythrocytes on blood agar). Nevertheless, based on
the frequency of occurrence of each pathogen per sampling site (Table 8), we consider the �sh farm healthy
and not vulnerable to disease outbreaks.

As the majority of bacterial isolates lacked γ-hemolysin expression, which was our measure to determine
the commensal strains to investigate the �sh health, based on the frequency percentages of each pathogen
per sampling site, we don't consider that an alarming sign for the health status on this farm.

4.3 Antibiotic susceptibility
In the present study, the observed resistance of strains of the Bacillus cereus group against the β-lactam
antibiotics (P and AM) is associated with the production of a potent broad-spectrum of β-lactamase that
inhibiting the effects of these drugs as commonly reported by CLSI (2015). The variation in the levels of
antibiotic resistance found in this group might be due to the geographical location with respect to the
potential of antibiotics exposure or to the mechanisms of resistance that may vary between the isolated
strains e.g., antibiotic e�ux systems for tetracycline and chloramphenicol Hassan et al. (2017). Thus, we
attributed such differences to resistance mechanisms among tested strains and variability of antibiotic
exposure in the farming area.

The high e�cacy exhibited by �uoroquinolone drug (CP) is because its mode of action is DNA gyrase
inhibition (Dincer et al., 2017), these enzymes are necessary for DNA replication in the host cell and are not
affected by plasmid or enzyme-mediated resistance unless chromosomal mutations occur LeBel (1988). In
contrast, aminoglycosides target the subunit 30S of the ribosome in prokaryotes, which is mainly
responsible for protein and cell membrane synthesis (Sultan et al. 2018).
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In the current study, the lowest sensitivity was observed towards (SM) among the other tested
aminoglycosides (GM and KM), it’s probably either due to the application on this farm or to the high
exposure to such drug that loaded with water �uxes into this farm, which led to reduced sensitivity and
increased resistance patterns.

The observed resistance of P. aeruginosa against (KM), might be it is originated from a hospital waste
driven in the polluted water, while (GM) resistance by R. radiobacter could be through the �uxes of such
drug in polluted water. Similarly, other studies stated that the highest antibiotics quantities are found in
estuaries which are originated from domestic and hospital wastes as well as the resultants of disease
treatment in aquacultures (Dincer et al. 2017).

The susceptibility pro�les of the pathogens isolated from low �sh density were signi�cantly lower (i.e., low
median values of inhibition zones were obtained) compared to the isolates from high �sh density. However,
such variations could be due to (i) water �ow rates were different among samplings sites which made some
unequal differences in antibiotic discharge among the sites (Dincer et al. 2017); (ii) the antibiotic (SM)
maybe has been applied to this farm because it had the lowest sensitivity rates compared to other drugs in
this study; (iii) either bacterial mutations or the horizontal gene transfer with other microorganisms in the
natural environment (Dincer et al. 2017); and lastly (iv) might the tested sample numbers were not su�cient
and equal among the tested drugs between the two �sh densities.

5. Conclusions
Our �ndings in the present study indicated that �sh density has no effects on the pathogen numbers,
species numbers, and overall bacterial isolations. This suggests that the �sh stocking densities were within
the optimum in this study.

In this survey, we isolated several bacterial species from the �sh, which may be associated with the nature
of the environment and water quality surrounding the net cages. However, the environmental variables are
far more easily exposed to �uctuations, which makes it necessary for further study to investigate such
relationships during the wet season. Furthermore, a comprehensive estimation of the health risk of this farm
is periodically required by using advanced molecular techniques (e.g., examine the virulence genes of
pathogenic isolates) to address the problem of infected �sh with no clinical signs.
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Figure 1

(A) Map of the study area showing the Fish sampling and the water �ow measurements sites, Setiu
wetlands, Terengganu, Malaysia. (Peninsular Malaysia map was downloaded from (www.diva-
gis.org/gdata), and by using the software "ArcGIS" was created �gure (A) a digitized copy of a picture was
obtained from Google earth). (B) Picture of the study area obtained from satellite imaging using Google
earth software.
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Figure 2

Total numbers of bacteria isolated from �sh stocke in low and high densities at the different sampling sites.
(signi�cance levels: a = 0.008, c = 0.025, b=0.03, d= 0.059, ns = non-signi�cant)
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Figure 3

Total numbers of isolated bacterial species from �sh stocked under low and high densities. (legend: ns =
non-signi�cant)
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Figure 4

Total numbers of pathogenic bacteria isolated from �sh stocked under low and high densities at the
different sampling sites. (signi�cance levels: a = 0.008, c = 0.03, ns = non-signi�cant).

Figure 5
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. Percentages of antibiotic susceptibility of the examined pathogens against the tested antimicrobial
agents. (the tested sample numbers: n=12 for GM, CP, SM, KM; n=22 for CL, AM, P, TC).

Figure 6

Bar chart of the mean value with the standard error (±SE) of susceptibility levels of pathogens isolated from
�sh towards eight antibiotic agents. (low �sh density: n=5 for the drugs (GM, CP, SM, KM), and n=8 for the
drugs (CL, AM, P, TC); high �sh density: n=7 for the drugs (GM, CP, SM, KM), and n=14 for the drugs (CL, AM,
P, TC)).



Page 36/36

Figure 7

Monotonic correlations between selected signi�cant water parameters and total numbers of isolates per
sampling site pathogens


