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Influence of temperature on Streptococcus agalactiae
infection in Nile tilapia
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Abstract

Environmental changes affect fish homeostasis, turning them more susceptible to diseases. In Brazil, outbreaks of
Streptococcus agalactiae infection have been reported in Nile tilapia when they are outside of their thermal comfort
zone. This investigation evaluated mortality rate and which were the most infected organs at temperatures that naturally
occurred in southern of Brazil. Forty Nile tilapia (Oreochromis niloticus) were infected with S. agalactiae and distributed
in four groups (n=10) and each group was exposed to a different temperature: G1: 24°C, G2: 26°C, G3: 28°C, and G4:
32°C. Fish were monitored for 10 days. In this period, fish that presented irreversible clinical signs were sacrificed and
samples of brain, liver, and kidney were collected for bacteriological and molecular analysis. Signs compatible with
a streptococcal infection were observed in all groups. Highest mortality rates occurred at 24°C and 32°C. The brain
was the most affected organ with the highest percentage of isolation of S. agalactiae by both methods of diagnosis.
The results suggest that, as in mammals, temperatures that are further away from the comfort zone influence fish
homeostasis, increasing susceptibility to bacterial infections.
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Resumo

Mudangas ambientais afetam a homeostase dos peixes, tornando-os mais suscetiveis a doengas. No Brasil, tém sido
relatados surtos de infecgdo por Streptococcus agalactiae em tildpia do Nilo, principalmente quando se encontram fora
da zona de conforto térmico. No presente trabalho, foi avaliada a taxa de mortalidade e determinado quais foram
os 6rgaos mais afetados por essa bactéria em temperaturas que ocorrem naturalmente no Sul do Brasil. Quarenta
tilapias-do-nilo (Oreochromis niloticus) foram infectadas por Streptococcus agalactiae e distribuidas em quatro grupos
(n = 10), cada um deles submetidos a diferentes temperaturas: G1: 24°C, G2: 26°C, G3: 28°C e G4: 32°C. Os peixes
foram monitorados durante 10 dias. Os peixes com sinais clinicos irreversiveis foram sacrificados e coletadas amostras
de cérebro, figado e rins para analise bacterioldgica e molecular. Foram observados sinais compativeis com infec¢do
estreptococica em todos os grupos. A taxa de mortalidade mais elevada ocorreu nos grupos mantidos nas temperaturas
de 24°C e 32°C. O cérebro foi o 6rgao mais afetado, com a maior percentagem de isolamento de S. agalactiae pelos dois
meétodos de diagnostico. Os resultados sugerem que, tal como nos mamiferos, temperaturas que estdo mais afastadas da
zona de conforto afetam significativamente a homeostase dos peixes, aumentando a sua susceptibilidade para infec¢coes
bacterianas.

Palavras-chave: Homeostase. Oreochromis niloticus. Teledsteo. Estresse por temperatura.
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Fish depend on water to breathe, feed, excrete
wastes, maintain osmolality, and reproduce. In this
sense, the physical and chemical quality of an aquatic
environment is critical to understand the pathogenesis
of fish diseases and to develop effective preventive
practices and adequate treatments (DANG; SPECK;
BENKENDOREFF, 2012; SOTO; REVAN, 2012).

Environmental stress leads to outbreaks of the most
common diseases in fish farming (MARTINS et al.,
2009). These outbreaks are associated with rapid
changes in water temperature, which favors bacterial
proliferation (MARCOGLIESE, 2010) and lowering
host resistance (HARVELL et al., 2002; HOOPER et
al.,, 2007).

The most commonly encountered Streptococcus
species in fish is a group B Streptococcus agalactiae
(MORAES; MARTINS, 2004), usually isolated from
outbreaks in Brazil (SALVADOR et al., 2003, 2005;
FIGUEIREDO et al., 2006) resulting in high morbidity
and mortality in freshwater fish culture (KLESIUS et
al., 2006).

Nile tilapia is one of the teleosts most affected by
Streptococcus sp. (MEURER; HAYASHI; BOSCOLO,
2003) and rapid changes in temperature have a relevant
role in the process (YANONG; FRANCIS-FLOYOD,
2006). Despite that the infection of S. agalactiae is a well
known disease in tilapia, there is a lack of information
about this disease in temperatures that naturally occur
in southern Brazil. Our objectives were to evaluate the
host susceptibility and the capability of S. agalactiae to
infect tilapia at different temperatures, evaluating the

mortality and the bacterial dissemination in the fish.

Material and Methods

Fish

Forty Nile tilapia Oreochromis niloticus (mean
weight 40.9 + 2.5 g) were used in this experiment.
However, before of this, a subsample of the population
(n = 10) was confirmed as negative for S. agalactiae
infection by clinical and bacteriological analysis as
previously described (SALVADOR et al., 2005).
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Fish were maintained at 10 fish tank—1 in 80 L
aquariums and fed commercial tilapia feed (28%
crude protein) two times per day at 3% fish body
weight. Each tank had a water flow of 1 L/min.
Leftover feed and feces were siphoned weekly, and
water quality parameters (pH, water temperature,
dissolved oxygen, and conductivity) were measured
twice a day after each feeding, using a YSI models 55
and 63 (YSI Industries, Yellow Springs, OH) (DO =
5.1 + 1.0 mg/L; pH = 7.66 £ 0.5, and conductivity =
117.96 £30.5 uS/cm). These remained at comfort-zone
for Nile tilapia (BOYD, 1990). Fish were acclimatized
for at least one week prior to challenge and exposed
to 1% non-iodinated salt bath for 60 min (FRANCIS-
FLOYD et al., 1995).

Microbiologic and molecular diagnosis
of Streptococcus agalactiae

Streptococcus agalactiae was isolated from naturally
infected cultured Tilapia that presented signs such as
dark skin, lethargy, and erratic swimming. Bacteria
were identified from its culturing, morphological,
tincture, and biochemical characteristics (VAN-
DAMME et al., 1997; SALVADOR et al., 2005), as well
as molecular analysis.

Bacterial chromosomal DNA was isolated according
to the method described by Jafar et al. (2009),
and molecular identification was performed as in
Martinez, Harel and Gottschalk, (2001). Briefly, 16S
rDNA (220-base-pair) was amplified using primers
F1, 5-GAGTTTGATCATGGCTCAG-3" and 1IMOD
5-ACCAACATGTGTTAATTACTC-3
Biotechnologies, UK), in 50 pL reaction volume

(Genosys

containing 25 ng of template DNA, 1.25 units of
Taq DNA polymerase buffer, 0.2 pM of each primer,
and 100 pMd NTPs. PCR consisted of an initial
denaturation for 4 min at 94°C, followed by 35 cycles
of denaturation for 1 min at 94°C, annealing for 1 min
at 55°C and extension for 1 min at 72°C. The PCR
products were sequenced and compared with the
sequences within the National Center for Biotechnology
Information, NCBI (LANGE et al.,, 2011).



Infectivity challenge

The challenge inoculation dose was determinate
based on the LC50 (test concentration that causes
50% mortality), namely 10°® CFU/mL", value that
was previously analyzed with the Spearman- Karber
software (HAMILTON; RUSSO; THURSTON, 1977).
Challenge was performed by means of intracoelomic
inoculation of 10* CFU of Streptococcus agalactiae in
0.5 mL of saline solution, as a single shot (SALVADOR
etal., 2012).

Temperature effect

To evaluate the effect of water temperature on
the clinical infection of Streptococcus agalactiae,
four glass aquaria with 10 fish tank' were used in
a completely randomized design with split-plot.
Each fish represents a plot, as follows: Group 1 (G1)
maintained at 24°C; Group 2 (G2) maintained at
26°C; Group 3 (G3) maintained at 28°C, and group 4
(G4) maintained at 32°C. Temperatures were altered
and maintained through electric heating thermostats
(Via-Aqua, US). Fish in each tank were monitored
daily during the acclimation period until euthanasia.

Fish that showed irreversible clinical signs in the
first 10 days were sacrificed in an alcoholic solution

of benzocaine (Sigma-Aldrich Laboratory, Steinheim,
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Germany), at a dose of 100 mg/L™" and necropsied.
Immediately, samples from brain, liver, and kidney
were collected, homogenized in 1x PBS, and plated in
a solid medium containing BHI supplemented with 5%
sheep blood, and incubated at 29°C for 7 days. After this
time, all surviving fish were also sacrificed. Finally, at
the end of the experiment S. agalactiae was determined

by molecular analysis, as previously described.

Statistical analysis

A correlation between temperature and mortality
was analyzed by the method of Spearman. Data
obtained were subjected to a one-way Analysis of
Variance (ANOVA) and Tukey test, considering the
level of p < 0.05 (SNEDECOR; COCHRAN, 1974).

Results

There was a correlation (p < 0.05) between mortality
and temperature after S. agalactiae challenge in Nile
tilapia, in which 10% mortality occurred as a function
of temperature. However, this correlation is low
due to the groups with the highest and the lowest
temperature (G1 and G4) presented both the highest
mortality rates (Figure 1).

Appearance of characteristic clinical signs of an S.
agalactiae infection occurred between the fifth and

seventh day after challenge. G4 was the first to present

AB

24°C 26°C

28°C 32°C

Challenge Temperature

Figure 1 - Mortality in fish exposed to heat stress for 10 days. Significant differences (p < 0.05) are

shown by dissimilar letters above bars

Source: (MARCUSSO, 2015)
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signs, as lethargy, exophthalmoses, corneal opacity,

erratic swimming, and cerebral congestion (Figure 2).

Figure 2 - (A) Exophthalmos, (B) Corneal opacity and (C)
Cerebral congestion
Source: (MARCUSSO, 2015)

The bacteria was isolated in at least one of the organs
collected from the 19 fish with irreversible clinical
signs and the brain was the organ with the highest
incidence (Table 1).

Table 1 — Results of bacterial culture in BHI of O. niloticus
challenged with S. agalactiae — Brazil - 2015
Samples (n=19) Total Isolation %
Brain 19 15 78,95
Liver 19 7 36,85
Kidney 19 5 26,31

Brain Heart Infusion (BHI)

Discussion

It was observed that out of the thermal comfort
zone for tilapia (26 to 30°C) (BOYD, 1990; BOEGER;
OSTRENSKY, 1998) fish suffer thermal stress, making
them more susceptible to disease. This is probably due
to a lower metabolic rate (MOURA et al., 2007) that
affects cellular processes and humoral defense, mainly
those that depend on metabolic energy (BALM,
1997) causing immunosuppression. It also could be
explained due to reduced permeability and plasma
cell migration in inflammatory response (MORAES;
GARCIA LEME, 1982).

Water temperature above 27°C is a risk factor

associated to outbreaks of S. agalactiae in Tilapia
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(LEAL, 2008). In this experiment, it was observed
that G3 and G4 presented higher mortality rates
than G2, these results which could be explained by
the immunosuppression caused by release of cortisol
due to the thermal stress; this affects non-specific and
specific components of the immune system (FRASCA-
SCORVO; CARNEIRO; MALHEIROS, 2001; BELO
et al, 2005, 2012). Petrillo (2012) verified a decrease
in the number of macrophages and granulocytes after
administration of endogenous cortisol.

The development of clinical signs in the experiment
was consistent with that reported in the literature
(AUSTIN; AUSTIN, 2007), the
results of Salvador et al. (2005) in Nile tilapia, grown

corroborating

in Northern Parand, Brazil; that were similar to
those found in the literature for O. niloticus specie
and others fish affected by streptococcal infection
(EVANS; KLESIUS; GILBERT, 2002; DUREMDEZ;
AL-MARZOUK; QASEM, 2004).

In the group with the highest temperature (G4),
some deaths occurred before manifestation of clinical
signs, showing the importance of an early treatment
for a satisfactory evolution of the infection. Both high
and low temperatures may have interfered in host-
parasite relationship. High water temperature as seen
at G4 is suitable for the fast growing of S. agalactiae
(AL-HARB, 1994; SALVADOR et al., 2005, 2012),
and at the same time, being out of a fish temperature
comfort zone can cause immunosuppression (BELO
etal., 2005, 2012). On the other hand, a lower immune
response in fish maintained in low temperature
is observed probably due to a decrease of fish

metabolism, becoming more susceptible to diseases.

Conclusions

The results of this study indicated that the
increase fish mortality was temperature dependent.
Conditions outside the fish comfort-zone determined
high mortality in Streptococcus agalactiae infected
fish, reaching nearly 100% of mortality, even before

clinical signs appeared.
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