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— Abstract—

The present work describes the existing relationship of two environmental
components in the presence of Streptococcosis in tilapia, which reports high
mortality rates in open systems. For this reason, the oxygen and temperature
of 10 tilapia aquaculture production units from floating cage systems and the
relationship with the isolation of Streptococcus spp. were studied, in one of
the main hydroelectric dams known as Malpaso located in Chiapas, one of
the main tilapia-producing states in Mexico. Organ sampling was carried out
to identify the bacteria, and at the same time oxygen and water temperature
readings were taken, as well as reports of mortality and clinical signs. 80%
of the units were positive for Streptococcus spp., With a mortality of 50%
and clinical signs in 60% of the production units. The mean oxygen and
temperature parameters were located at 5.5mg / 1 and 30.7° C, respectively.
The relationship of oxygen to the incidence of Streptococcus spp. was found
at a concentration of 5-6.5 mg /1 and a temperature> 31° C. Therefore it is
concluded that the environmental conditions of the floating cage systems
for the production of tilapia represents a risk to the appearance of infectious
diseases, due to the dynamics of the variation of biological components that
puts the integrity of the fish at risk and predisposes the habitat for various
pathogens such as Streptococcus spp.
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ilapia (Oreochromis spp.) is one of the main species used in aqua-

culture production. Its ability to adapt to changing and extreme

environmental conditions (Schmitter, 2006) has allowed it to be
distributed in various regions of the world, at the same time, the high
production efficiency and intensification of aquaculture systems have
greatly favored the growth of this sector. FAO statistics show the produc-
tive increase of tilapia with annual reports ranging from 2657.7 t in 2010 to
4525.4 t in 2018, representing 8.3 % of aquaculture production worldwide.
Closely matching the intensification is the demand for the product, which
in per capita values increased from 9.0 kg (live weight) in 1961 to 20.3 kg
in 2017, at an average rate of 1.5 % per year, while total meat consumption
grew by 1.1 % per year in the same period (FA0, 2020).

In this sense, the intensification and expansion of aquaculture activi-
ties increase the probability of new, emerging, and re-emerging diseases
(Delphino, et al., 2018), as well as anthropogenic activities that arise around
production units, which can be associated as a cause of contamination, by
physical, chemical or biological waste that alter water conditions (Soto,
2020). Therefore, it is important to differentiate the causes of disease or
identify those factors that predispose to high mortality rates.

One of the most vulnerable systems is the culture of tilapia in floating
cages that develops alongside the conditions of its environment, where
control is practically impossible, considering currents, water level fluctua-
tions, and quality concerning suspended substances (SADER, 2011), which
compromises the adaptive capacity and survival of tilapia, due to the envi-
ronmental risks that accompany it and represent a real challenge during the
productive cycle (Arambul, et al., 2018).

The main environmental exposures in fish are often related to spatial
and temporal variation in temperature that affects physiological traits, due
to their poikilothermic characteristics that compromise host resistance and
to a large extent affect the colonization capacity of bacteria (Tavares, 2018).

Temperature and oxygen, together with rainy and dry periods, are con-
sidered the main climate-related risks in floating cages, as high temperatures
predispose stress and susceptibility to diseases (Bahri, 2012; Lebel, 2016).

Oxygen concentrations in the water are one of the essential elements
for the culture, its absence does not allow the development of tilapia, and
low levels predispose a constant problem during the production cycle
because at higher temperatures there is an increase in fish metabolism and
higher oxygen consumption (Tomal4, et al., 2014).

Biological interaction also influences the incidence of facultative or
opportunistic pathogens that cause mortalities ranging from 20% to 90%
(Garcia, 2020). In tilapia, Streptococcus spp is reported as one of the main
pathogens related to water temperature and is common in intensive culture
areas, especially in cage culture systems, which depend on the quality of tap
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water (Kannika, 2017), this gram-positive bacterium mostly causes granulo-
matous infections (Garcia, 2020), unilateral or bilateral exophthalmia, ocular
opacity, hemorrhage at the base of the fins, darkening of the skin, ascites
and cerebral congestion (Suanyuk, 2010) that prevent the commercialization
of the product. The disease has a systemic course, reaching from 10-50%
mortality in days for severely acute infections and in periods of one month,
it is reported between 50-60% (Kayansamruaj, 2014; El-sayed, 2019).

In Mexico, the state of Chiapas is one of the main tilapia producers,
which concentrates its production in several water bodies such as Peiiitas,
Malpaso, and La Angostura (Campos, 2018), however, the information
available on the dynamics of various bacterial pathogens present in tilapia
cultures in Chiapas is very limited. Therefore, the present study aims to
identify one of the main pathogens in tilapia and its interaction with two
environmental components.

MATERIALS AND METHODS
Study area

The present work was carried out in the Malpaso dam, formally called
Netzahualcoyotl dam, located in the Grijalva riverbed between the munici-
palities of Copainald, Tecpatan, and Ocozocoautla de Espinosa, located 2. 5
km downstream of the confluence of the La Venta and Grijalva rivers,
approximately 125 km southwest of the city of Villahermosa, Tabasco, and
328 km upstream of the mouth into the Gulf of Mexico (CONAPESCA, 2015).

Isolation and identification of Streptococcus spp

The win Epi program, for aquatic organisms available online, was used to
determine the minimum sample size necessary to detect disease, with a 95%
confidence level of 76 production units, considering at least one infected indi-
vidual, assuming a minimum expected prevalence of 0.26%, with a sample
size of 10 tilapia production units in floating cage systems.

Biological material was collected from tilapia organs, including liver,
spleen, brain, heart, and kidney from fattening animals weighing 250g.
Dissolved oxygen (DO) and water temperature parameters were measured
with the water quality tester multifunction device, and finally, mortality and
presence of clinical signs were considered in each of the farms.

Sample collection

For sampling, the fish were slaughtered following NOM-033-200-1995,
Humane slaughter of domestic and wild animals. For this purpose, a physical
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slaughter method was used, the fish were desensitized by cutting the spinal
cord caudal to the skull and the upper margin of the opercula.

For the identification of Streptococcus spp. 25 samples were collected
per production unit, corresponding to organs, which were taken by bacte-
riological loop and sown in an enriched medium for microorganisms, brain
heart infusion (BHI), in 1.5 ml Eppendorf tubes, leaving incubation in agitation
at 37 °C for 24 h, then sowing in a solid medium of 5% ram blood agar,
incubating for 24 h. Colonies with Streptococcus spp. morphology (white
colonies with beta-hemolysis halo) were identified and isolated, gram staining,
cAMP, and catalase tests were performed.

Data analysis

Descriptive statistics were performed to determine the frequency and detec-
tion of Streptococcus spp. and correspondence analysis to identify the rela-
tionship between variables. The statistical program R version 4.0 was used.

RESULTS AND DISCUSSION

According to the evaluation of 10 aquaculture production units, an incidence
of Streptococcus spp. of 80% was found, with 50% mortality and 60% with
clinical signs. In 50% of the units, the pathogen was isolated from the liver,
brain, heart, kidney, and 40% from the spleen. Table 1 shows the values
found in each production unit. On average, 5.5 mg/1 of oxygen and 30.7 °C
of temperature were found.

Table 1
Values found in the floating cage aquaculture farms

Number of organs infected Oxygen (mg /1) Temperature (°C) Mortality Clinical signs

5 4.5 30.5 + +
1 4 30.5 - -
0 31 - -
1 5.7 30.9 - +
2 5 31.5 - +
5 5.5 31.5 + +
5 6.5 30.5 + -
0 7 30 + +
4 6 31 + -
1 6 30 - +

Source: Own elaboration
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The body of water where the tilapia production units are located is one of
the main hydroelectric dams that are part of the middle hydrological basin
of the Grijalva, one of the most important basins in Mexico and the second
most abundant in the country, with an approximate area of 58,000 km?, which
concentrates 42 of the 92 continental fish species (Anzueto, et al., 2016).

During 2015, the Management and Carrying Capacity Plan of the dam
was carried out, in which some environmental parameters including tem-
perature were evaluated. At that time a range of 23.1 °C to 28.0 °C was
found, with little variation between the surface layer and a decrease at 10
and 20 m. (CONAPESCA, 2015). This data is placed below what was found
(30.7° C), which suggests one of the most notable and significant modifica-
tions associated with climate change, the gradual increase in temperatures;
given this, it could be necessary that in the tropics cage cultures are
planned according to the region since otherwise they would no longer
be feasible (Bahri, 2012).

The temperature range found (30 - 31.5° C) is in the range for Streptococcus
spp. growth, since it only requires a temperature above 27 ° C, to activate
the genetic modulation involved in its metabolism, adaptation, and pathoge-
nicity (Tavares, 2018; Abraham, 2019), the above implies that temperature
influenced the isolation of Streptococcus spp, in 80% of the aquaculture units.

Kayansamruaj (2014) mentions that bacterial virulence is also influenced
by temperature, and in response, the tilapia exhibits massive inflamma-
tion leading to death, therefore, the higher the temperature the higher the
mortality and injury rate.

Unlike temperature, oxygen was presented in a higher range, between
4 - 7 mg/l, on the other hand, this does not have such a strong effect on
the bacteria, because most members of the Streptococcus genus are faculta-
tive anaerobes, which means that they can grow in conditions of absent or
limited oxygen; they are catalase-negative with different nutritional require-
ments, which reflects the adaptation as a commensal (Schmitter, 2006).

Despite the success of tilapia for culture, environmental changes
challenge their survival and disease resistance. Phuoc (2020) suggests that
the severity and geographic range of streptococcosis outbreaks in tilapia
may increase as water conditions change due to global warming, environ-
mental pollution, and river acidification. These characteristics describe
production conditions, which develop in floating cage systems, where fish
are at the expense of environmental conditions. Niu (2020) found that
the pathogen-positive samples corresponded entirely to cages in isolates
of Streptococcus spp. from tilapia in floating cage and pond systems. This
emphasizes the instability of this type of system, due to environmental
exposure, which represents a risk for the culture and economic losses for
the producer.
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The unpredictability of the aquatic environment causes product losses
that include production costs and biosecurity measures for the control
and management of infections; on the other hand, these losses are ignored
and/or not reported, due to the general acceptance of the producer who
considers it within the normal in the culture, accepting margins of loss in
production (Shinn, 2020).

The correlation coefficient analysis found a moderate positive correlation
to the presence of Streptococcus spp. in temperature and oxygen, as shown
in the following table.

Table 2
Correlation to the presence of Streptococcus spp

Variables Range Streptococcus spp., positive
6-6.5 0.3273
Oxygen (mg /D 5-5.7 0.4082
Temperature (°C) 31-31.5 0.4082

Source: Own elaboration

Assuming an effect of oxygen and temperature on the incidence of
Streptococcus spp., we can identify that an oxygen range of 5-5.7 mg/1 predis-
poses to the presence of the pathogen, although a range of 6-6.5 mg/1 is also
related, consequently we can attribute the presence of Streptococcus spp.
to a range of 5-6.5 mg/I, since this pathogen grows in facultative anaerobic
conditions, i.e., it can grow in optimal oxygen conditions or limited or even
absent conditions (Schmitter, 2006). On the other hand, we observed that a
temperature > 31° C predisposes to the presence of Streptococcus spp.

Finally, we can mention that oxygen at a concentration of 5-6.5 mg/1
and a temperature > 31° C affects the incidence of Streptococcus spp. of tilapia
cultured in floating cages. Rodkhum (2011) reports that at a temperature
range of 30 - 33° C there is higher mortality due to Streptococcus spp. than
at 25° C, on the other hand, Amal & Zamri, (2011) and Abraham (2019)
mention that at a temperature > 31° C, it predisposes tilapia to outbreaks of
Streptococcus spp. infection.

The main lesions observed in positive cases of streptococcosis in
Malpaso were exophthalmia, ascites, and granulomas at the base of the tail
with pus accumulations.
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Image 1. External lesions. Unilateral exophthalmia and granuloma with purulent content

The most evident clinical signs in tilapia due to Streptococcus spp. from the
Malpaso dam are the appearance of granulomas on the surface of the skin,
on the base of the tail, which upon pressure releases a thick fluid, for this
reason, it is not a product suitable for sale. Likewise, the appearance of the
eye outside the orbital cavity gives an unpleasant and unhealthy appearance.

CONCLUSIONS

The average temperature found in the Malpaso dam was 30.7° C and it was
found that >31°C influences the development of Streptococcus spp. Likewise,
the oxygen level was 5.52 mg/1 and at a range of 5-6.5 mg/I, it was related to
the incidence of the bacteria. Thus, we can mention that the environmental
conditions of floating cage systems for tilapia production represent a risk for
the appearance of infectious diseases, due to the dynamics of variation that
puts the integrity of the fish at risk and predisposes the habitat for diverse
pathogenic and opportunistic agents.
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