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Abstract: A study was conducted on water quality profiling to confirm susceptibility of tilapia cultured i lakes
to Streptococcus agalactiae infection. A total of 1,010 and 719 tilapias of different sizes were collected from
two lakes; the Kenyir and Pedu lakes, respectively. They were randomly sampled for a period of 24 months.
Swabs of brain, eye and kidney were streaked directly onto blood agar before S. agalactiae was identified by
the API 20 STREP kit, Slidex Strepto-kit and PCR techmque. The water temperature (thermocline) and dissolved
oxygen profiling were determined at 1 m intervals for up to 20 m deep. Water clarity and flow rate were also
recorded using Secchi disk and a current meter. S. agalactiae was successfully isolated from both lakes
throughout the year, ranging between 2 and 78%. Isolation was more frequent during the hot and dry months
of both years. During this period, the mean water temperature was >29°C for up to 8 m deep due to the
significantly (p<0.05) clearer water and slow rate of water flow that allowed deeper light penetration and
enhanced heat retention. Water thermocline that showed a drop in water temperature was observed only in
Kenyir lake at >12 m deep. This and the slow water flow kept the water temperature at 4 m deep where tilapias
under the cage culture system were kept to remain ligh causing stress to tilapia and mcreases susceptibility
to S. agalactiae. Dissolved oxygen profiling, however remained high at >5 mg L™ for up to 8 m deep and did

not give adverse effects to susceptibility of tilapia to S. agalactiae.
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INTRODUCTION

Streptococcal disease in tilapias have become a major
problem in tilapias farming and centributed to severe
economic losses (Shoemaker and Klesius 1997,
Suanyuk et al., 2008; Mian et al., 2009; Najiah et al., 2009).
The emerging fish pathogen, group B Streptococcus
agalactiae has been shown to cause sigmficant morbidity
and mortality among a variety of freshwater and saltwater
fish species throughout the world (Robinson and Meyer,
1966; Plumb et al., 1974; Evans et al., 2002). According to
Bvans et al. (2006), Streptococcus agalactiae had been
noted as one of the major bacteria species that effect
tilapias production in the world.

The simple presence of Streptococcus in the
envirorment of the fish 13 madequate to cause a disease
outbreak. Other factors usually come mto play such that
either the pathogen has an advantage over the host or the

immune system of the host 1s compromised in some way,
increasing 1ts susceptibility to the pathogen (Yanong and
Francis-Floyd, 2002). Water quality had been noted as the
most important element mn aquaculture mdustty and
deterioration in water quality can contribute to the disease
development due to stressed aquatic organism. From the
previous study, some stressors that have been associated
with Streptococcal outbreaks include high water
temperature, slow rate of water flow and the size of fish
(Amal et al., 2010). Moreover, stressful culture conditions
and high stocking densities also
susceptibility of fishes to Streptococcal infection
{(Chang and Plumb, 1996, Bunch and Bajerano, 1997,
Bowser et al., 1998, Shoemaker et al., 2000; Yanong and
Francis-Floyd, 2002; Mian et al., 2009).

This study was conducted to investigate the
significance of water profiling, particularly water
temperature, dissolved oxygen, clarity and water flow rate

increase  the
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on the prevalence of Streptococcus agalactiae infection
to tilapia kept in floating net-cages culture in reservorrs.

MATERIALS AND METHODS

Sampling site: The present study was carried out at
floating net cage cultures in Kenyir lake, Terengganu and
Pedu lake, Kedah, Malaysia. The main function of Kenyir
lake was to produce electricity (hydroelectric) while Pedu
lake was mainly used for the urigation of paddy field. Both
sampling sites had >200 wooden and steel floating cages
measuring about 6 m m length x 5 m n width x 4 m deep.
The mean depth of water at sampling sites in Kenyir lake
and Pedu lake were 692474 m and 20.543.0 m,
respectively. Stocking densities of tilapias ranged
between 1000 and 3000 fishes per cage depending on fish
size. The fish were fed commercial fish pellet twice per
day.

Fish sampling: A total of 1,010(207.89+138.71 g)and 719
(232.924107.26 g) tilapia of different sizes were randomly
sampled from Kenyir lake and Pedu lake, respectively. The
samplings were carried out at monthly intervals for a
period of 24 months, starting from January 2007 to
December 2008.

Bacterial isolation and identification: Swab samples,
taken from brain, eye and kidney were streaked directly
onto tryptic soy agar (Merck, Germany) added with 5%
human bleod and mecubated for 18-24 h at 37°C. The
dominantly grown bacteria were sub-cultured to get a
pure colony.

All of pure isolates were subjected to gram stain,
catalase and oxidase tests. The biological and serclogical
type of all gram positive and catalase-negative isolates
were determined by API 20 STREP and Shidex Strepto-kit
(bioMerieux, France) (Suanyuk et al., 2008). Classification
of bacterial genus and species was determined using
Bergey’s Manual of Systemic Bacteriology (Holt et al.,
1994) and the APILAB PLUS program (bioMérieux,
France).

Streptococcus agalactiae was also 1dentified using
the PCR method Total cellular DNA of Streptococecus
agalactiae 1dentified earlier by API 20 STREP and Slidex
Strepto-kit (bioMérieux, France) was extracted with
Wizard Genomic DNA Purification Kit (Promega, USA)
according to the manufacturer’s protocol. The extracted
DNA was then further evaluated by PCR for S. agalactiae
specific section of 165 rRNA region with forward primers
5 [GCT ATA CAT GCA GTA GAA CGCTGA] 3" and
reverse primer 5° [ACG ACT TCA CCC CAA TCA TCT
AT]3 and cycling conditions described as follows;
1 cycle at 94°C for 2 min for initial denaturation followed

by 34 cycles at 94°C for 1 min for denaturation step, 42°C
for 1 min for annealing step, 72°C for 2 min for extension
step and finally elongation at 72°C for 5 min. The primer
sequence was obtained from gene bank (Accession no:
EF092913).

Amplified products were mixed with 6x loading dye
(MBI-Fermentas, USA) and separated by Agarose gel
electrophoresis (1% Agarose m 1X TBE at 70 V,
400 mAmp for 1 h) and stained with ethidium bromide.
DNA fragments were observed by UV transilluminator
and photographed.

All photographed gels were scanned using gel
analysis software Gene Tool (syngene, UK). All gels were
compared to standard markers.

Water quality determination: Water quality parameters at
both sampling sites were determined at monthly intervals
for a total period of 24 months. Readings for water
temperature and dissolved oxygen at 1 m intervals were
collected #n situ by using a hand-held YSI meter (YSI
Incorporated, TTSA) for up to 20 m deep. The clarity of
water was determined using a Secchi disk (Almazan and
Boyd, 1978) while the rates of water flow were measured
using a current water meter (Global Water, Califorma) at
several sampling points.

Data analysis: The mean prevalences of S. agalactiae
from both lakes were compared using the analysis of
variance with LSD All-Pairwise Comparison Test (Statistix
9, USA). Pearson’s correlation (Statistix 9, USA) was
selected to determine the correlation between the water
temperature, dissolved oxygen, rate of water flow, water
clarity and the prevalence of S. agalactiae. All data were
considered significant at p<t0.05.

RESULTS AND DISCUSSION

Steptococcus agalactiae isolation pattern: Streptococcus
agalactiae were successfully isolated from tilapias
sampled at both lakes. The bacteria that were identified as
Streptococcus agalactiae corresponded to Group B
streptococcus.

The mean number of tilapia that were cultured
positive to S. agalactie was sigmficantly (p<0.05) lower
in Kenyir lake (6.96%) compared to Pedu lake (18.02%).
Results m Kenyir lake revealed that the lowest percentage
was 2% in October 2007 and January 2008 while the
highest was recorded with 40% in October 2008. There
was no significant different (p=>0.05) on the mean number
of tilapias that were cultured positive to S. agalactiae
in both vears of study, although 2007 (8.13%) was
higher compared to 2008 (5.8%). However, 95.7% of
positive isolation in Kenyir lake in 2007 was obtained
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Fig. 1: Successful 1solation of Streptococcus agalactiae from tilapia. Higher most rates of 1solation were recorded during
the 2nd to the 3rd quarter of both years (Apr-Sept) which were the hot and diy months. (a) Kenyir lake showed
a significant positive correlation between the water clarity (i = 0.4024, p<0.05) and the prevalence of S. agalactiae
while most of the tilapias that cultured positive to S. agalactiae in Kenyir lake were obtained when the Secchi
disk readings were recorded >425 cm. (B) no sigmificant correlation was recorded between the water clarity and

the prevalence of S. agalactiae in Pedu lake

during the 2nd and the 3rd quarters of the year (April to
September) while 95.2% of positive isolation in 2008 was
in July to October (Fig. 1).

Results in Pedu lake revealed that the lowest
percentage was 3.3% in July and September 2007 while
the lighest was 78% in February 2008. The positive
solaton m 2007 (6.9%) was significantly (p<0.05)
higher compared to 2008 (29.1%). Approximately 96% of
positive 1solation in 2007 was obtamned between April and
July while 97.2% m 2008 was between January and
August.

Water temperature profiling: The mean of water
temperature between 0 and 20 m deep at Pedu lake
(28.67°C) was sigmficantly (p<0.05) lugher compared to
Kenyir lake (28.17°C). There was however, no significant
different (p=>0.05) in the mean water temperature for up to
4 m deep between Pedu lake (29.44°C) and Kenyir lake
(29.22°C). Study in Kenyir lake revealed a significant

different (p<0.05) in the mean water temperature between
2007 (28.41°C) and 2008 (27.93°C). The highest mean water
temperature (31.11°C) in Kenyir lake was recorded in
August 2007 at 0 m and the lowest (24.78°C) was mn March
2008 at 20 m depth.

The water stratification and thermocline were
observed to occur at <14 m deep. Nevertheless, the high
water temperature column (>29°C) was mostly noted
between 0 and 8 m deep between March and November
2007 and April and November 2008 (Fig. 2). Study m Pedu
lake showed no significant different (p<0.05) in the mean
water temperature between 2007 (28.76°C) and 2008
(28.60°C). The highest mean watertemperature of 31.58°C
was recorded in May 2007 at 2 and 3 m depth while the
lowest was of 25.95°C was recorded m April 2007 at 20 m
depth. Contrary to Kenyir lake, the water stratification and
thermocline in Pedu lake was not clearly observed. Slight
stratification and thermocline were observed in January,
February, October,November and December 2007 and
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Profiling of water temperature af Kenyir lake in 2007 and 2008
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Fig. 2. The water thermocline patterns in Kenyir lake were observed at <12 m deep of the water in both years but this
phenomenon did not benefit tilapias that were kept at 4 m deep. Water thermocline was not clearly observed in
Pedu lake. The high water temperature columns (>29°C) remained until 8 m deep in both lakes for both years

throughout 2008. However, the lugh water temperature of
>25°C for up to 8 m deep was recorded between April and
September 2007 and between March and September 2008.

Dissolved oxygen profiling: There was no significant
different (p>0.05) between the mean reading of
Dissolved Oxygen (DO) between 0 and 20 m deep for
Kenyir (553 mg L™ and Pedu (5.40 mg L") lakes
throughout the
insignificant different (p>0.05) in the mean DO reading
for up to 4 m deep in Kenyir (7.58 mg I.7') and Pedu (7.50
mg L") lakes. Nevertheless, the highest DO reading for
Kenyir lake was 9.95 mg L™ in April 2007 at O m while the
lowest was O mg L™ in October 2007 at 16-20 m deep.

As observed for water stratification and thermocline,
the sudden drop in water DO was observed at 8-12 m deep
when the DO readings were >5 mg L' uptill12m
deep (Fig. 3). In Pedu lake, the highest DO reading was
93 mg 17" in February 2007 at 10 and 11 m while the
lowest was 0.13 mg 17" in September 2007 at o m deep.
Similarly, the high OD reading of >3 mg I.~! was recorded
up to 8 m deep.

study period. Similarly, there was

The rates of water flow and water clarity: The meanrates
of water flow at Kenyir and Pedu lakes were 0.005+0.008
cm sec” and 0.010+0.016 cm sec™', respectively. The
mean water ¢larity reading in Kenyir lake was 425 cm with
lowest at 263 cm in December 2007 and highest at 515 cm
in May 2007. For Pedu lake, the mean water clarity was 243
cm with lowest water clarity at 173 cm in July 2008 and
highest at 300 cm in May, Tuly, August, September and
December of 2008.

Analysis of water quality parameters in Kenyir lake
revealed a significant positive correlation between water
clarity (r = 0.4024, p<0.05) and the prevalence of S.
agalactiae. Isolation rate of 76.5% was recorded when the
water clarity was >425 cm which was between May and
September 2007 and between April and September 2008
(Fig. 1). significant  positive
correlation between water temperature and water flow
(r = 0.8584,p<0.05) and water clarity (r = 0.7510, p<0.05),
respectively. Analysis of water quality parameters in Pedu
lake, p=<0.05), however, revealed no significant correlation
(p=0.05) between water quality parameters and isolation
of 5. agalactive. Streptococcus agalactiae had been

There was also
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Profiling of DO at Kenyir lake in 2007 and 2008
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Fig. 3: The mean Dissolved Oxygen (DO) readings recorded >5 mg L™ until 8 m deep in both lakes. Most of the
stratification and sudden drop of DO could be observed after 12 m deep. These high levels of DO between 0 and
8 m deep lake water should be beneficial to tilapias kept at 4 m deep under the cage culture system

successfully i1solated from Kenyir and Pedu lakes during
the 24 months study period. However, 1solation rate of
S. agalactie was significantly (p<0.05) lower in Kenyir
(6.96%) compared to Pedu lake (18.02%).

Long exposures to high water temperature in Pedu
lake (28.67°C) cause severe stress leading to decreased
immunity and enhances susceptibility to S. agalactice
infection. This is in agreement with study by Bunch and
Bajerano (1997) when they stated that even a small
difference in water temperature may have had an
influence on the ability of the fish to defeat infection while
Amal et al. (2010) concluded that high water temperature
mcreases the susceptibility of tilapia to streptococcosis,
particularly in floating cage systems (Mian et al., 2009).
Similarly, most isolation in this study was made in the dry
and hot months when water temperature was >29°C. The
high water temperature and thermocline were recorded
between 0-8 m deep.

Since tilapias under the culture cage system were kept
at maximum 4 m depth and tilapias were not able to escape
the high water temperature column between 0 and 8 m
depth (El-Sayed et al., 1996). Therefore, the prolonged

exposure to the lugh water temperature resulted in the
increased rate of S. agalactiae 1solation. Slow water flow
and high water clarity in reservoir play important roles in
increasing the water temperature. Light energy is
absorbed exponentially with depth so, most of the heat
15 absorbed within the upper layer of water (Boyd and
Tucker, 1998). In addition, the clear water of lakes resulted
in deeper light penetration causing heat retention within
the water column.

The penetration of light up to 515 cm (Kenyir lake)
and 300 cm (Pedu lake) deep of water surface during hot
and dry season actually increased the swface water
temperature and stressed to the cultured tilapias. Mixing
of upper and lower water columns in Pedu lake due to the
continued release of water for the paddy field irrigation
and heavy rainfall destroyed the stratification and thermal
change profiling of the water.

This created a condition of high water temperature up
to 20 m deep in Pedu lake that significantly influenced the
susceptibility of tilapias to S. agalactiae infection and
resulted m more tilapias were cultured positive to S.
agalactiae in Pedu lake. In contrast, water mixing was not
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obvious in Kenyir lake. The turbines of Kenyir lake are
situated £18 m deep and far from the bottom of the lake
(145 m). Thus, 1t reduces the possibilities to destroying
water thermal change and stratification that affect the
susceptibility (Zulkafli and Ahmad, 2000).

Water thermoclines in both lakes were observed at
<14 m deep. The thermal regime in lakes depends mostly
on geographical location, climatic conditions and
hydrological character (Skowron, 2010). The results
showed that the occurrence of water thermocline,
especially m Kenyir lake was caused by the heat
accumulation between o and 14 m deep and the
accumulation of heat was due to deep light penetration
under the water
of water.

In this study, the monthly disselved oxygen
concentrations were recorded >5 mg L7, especially
during the hot and dry months. And the high DO
concentrations were only observed from 0-12 m deep. The
high temperatures m fish ponds are a problem since, there
is less DO in the water, subjecting the fish to stress
(Bunch and Bajerano, 1997). However, in the present
study, the DO was not as low as expected probably due
to the high water clarity that enhanced deeper light
penetration and photosynthesis process.

surface and the low recirculation
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