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ABSTRACT
Aquaculture is one of the fastest-growing sectors for food production. The
development of the aquaculture industry has led to the emergence of various
bacterial diseases. One of the leading causes of fish diseases is
Streptococcus species. The genus streptococcus is large and complex,
accommodating a wide range of gram-positive bacteria. Streptococcus iniae,
streptococcus agalactia, and streptococcus dysagalactia are the most
pathogenic species. Bacterial diagnosis based on phenotypic and
biochemical identification methods has been routinely used. In this review,
light is spotted on worldwide distribution, diagnosis, transmission,
pathogenesis, and histopathological changes. Antibiotic sensitivity and
vaccination are the most effective control methods for the disease.

1.INTRODUCTION
Aquaculture has become a worldwide economically important industry which
requires continuing research with scientific and technical developments and innovations
(Bektaş et al., 2017).To cover the increasing need of food in the World, an intensive
production in fisheries has been a must which ended with the occurrence of diseases
(FAO, 2016). The fact that aquaculture sector is the fastest growing food-production
industry in the world is plagued by diseases. The annual economic loss in the aquaculture
industry due to diseases is estimated to be billions of US dollars worldwide (Klesius and
Pridgeon, 2011).
The development of intensive aquaculture has led to the emergence of various
bacterial diseases (Pridgeon and Klesius, 2012). Infectious disease outbreaks in fish
farms might be caused by single or multiple pathogens; however, little is known about
the association of different microorganisms causing coinfections and its consequences
(Dong et al., 2015a , 2015b).
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Bacteria can survive well in aquatic environment independently without their
hosts. Bacterial diseases have become major impediments to aquaculture, especially in
warm temperature. Thus far, bacterial species belonging to at least 13 genera have been
reported to be pathogenic to aquatic animals, including either gram-positive bacteria
such as Lactococcus, Renibacterium and Streptococcus or gram-negative bacteria such
as Aeromonas, Edwardsiella, Flavobacterium, Francisella, Photobacterium,
Piscirickettsia, Pseudomonas, Tenacibaculum, Vibrio and Yersinia (Klesius and
Pridgeon, 2011).
Streptococcus spp. is very pathogenic as they can affect many fish species in the
world, particularly, Streptococcos has been reported to occur in fresh, marine and
brackish water fish. It is worth noting that Streptococcos has caused millions of economic
losses of aquaculture in the world. Moreover,Tilapia is considered a perfect host for
Streptococcus infection (Amal and Zamri, 2011).
Members of the genus Streptococcus are widely distributed in the world.
Streptococci are common pathogens of fish. It has been reported that dozens of cultured
and wild-ranging marine and fresh water fish are susceptible to Streptococcus such as
salmon, mullet, golden shiner, pinfish, eel, sea trout, tilapia, sturgeon, striped bass,
rainbow sharks, red-tailed black sharks, danios, some cichlids and several species of
tetras (Wang et al., 2013).
Streptococcus is a genus of bacteria containing some species that cause serious
diseases in a number of different hosts. This disease causes significant economic losses in
the aquaculture industry in the United States of America, Japan, South Africa, Iran,
Australia, Philippines, Taiwan, Bahrain, Turkey and other countries. In addition,
Streptococcal disease in fish was first reported in 1957 (Bektaş et al , 2017).
Streptococcosis of fish should be regarded as a complex of similar diseases caused
by different genera and species capable of inducing a central nervous damage
characterized by suppurative exophthalmia and meningo-encephalitis.Warm water
streptococcosis (causing mortalities at temperatures above 15˚C) typically involves L.
garvieae, S. iniae, S. agalactiae and S. parauberis whereas cold water streptococcosis
(occurring at temperatures below 15 ˚C) is caused by L. piscium and V. salmoninarum. It
is important to report that the etiological agents of warm water streptococcosis are also
considered as potential zoonotic agents capable of causing disease in humans (Bektaş et
al., 2017).
Outbreaks of streptococcal infections in tilapia have been reported in many areas
such as Asia, the Middle East, North and South America (Wongtavatchai and Maisak,
2008). The genus Streptococcus is large and complex, accommodating a wide range of
Gram positive bacteria. Only few biotypes have been isolated from fish and the most
pathogenic are those belonging to D serogroup, otherwise known as the Enterococci
(Athanassopoulou and Roberts, 2004). This pathogen is found to cause disease in
farmed tilapia in different stages of life, for example, fry, juvenile to brood stocks,
hatchery, nursery and grow out phase (Jantrakajorn et al., 2014).
The major species of Streptococcus, which infect fish are S. iniae, S. difficile, S.
agalactiae, S. parauberis, S. dysgalactiae and S. Shilo (Netto et al., 2011). Pathogenic
fish Streptococcus species have been associated with S. agalactiae, S. difficile, S.
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dysgalactiae, S. equi, S. equisimilis, S. (= E.) faecium, S. ictaluri, S. iniae, S. milleri, S.
parauberis, S. phocae, S. pyogenes and S. zooepidemicus. In addition, E. faecalis NCTC
775 T, E. faecium NCTC 7171 T, L. lactis NCFB 604, S. mutans NCFB 2062 provoke
streptococcosis in Atlantic salmon and rainbow trout (Osman et al., 2017).
Streptococcus spp., classified as group B streptococci (GBSs), are Gram-positive
bacteria known as causative agents for both terrestrial and aquatic animal streptococcosis
(Evans et al., 2008). Streptococcus agalactiae, a gram-positive bacterium that can infect
a number of fish species (including freshwater and seawater species), has a serious
impact on fish aquaculture. Tilapia is extremely susceptible to infection by S. agalactiae
(Chen et al., 2012a). Since 2009, large scale S. agalactiae disease outbreaks have had a
devastating effect on the development of tilapia aquaculture in China, resulting in direct
economic losses reaching about 0.4 billion dollars in 2011 (Chen et al., 2012b).
Outbreaks of S. agalactiae infection in tilapia have been reported in several
countries around the world (Asencios et al., 2016 ).In fact, S. agalactiae is the causative
agent of streptococcosis in Nile tilapia (Buller, 2014). Streptococcus iniae and S.
agalactiae are the major causes of bacterial infection known to have a devastating effect
on survival rate in global tilapia farming (Amal and Zamri, 2011).
2. WORLD DISTRIBUTION
Streptococcal disease occurs in all continents (Americas, Asia, Europe, Africa,
and Australia). Thousands of Streptococcus species (S. parauberis, S. iniae, S.
agalactiae, Lactococcus garvieae, S. dysgalactiae, and Vagococcus salmoninarum) have
been reported in different parts of the world (Table 1 and Fig. 1) (Carson et al., 1993;
Chang and Plumb, 1996; Diler et al., 2002; Ruiz-Zarzuela et al., 2005; Baeck et al.,
2006; Agnew and Barnes, 2007; Pereira et al., 2010; Abdelsalam et al., 2013; Nho et
al., 2013 and Li et al., 2015). Streptococcosis is a multifactorial disease in fish,
depending on host variety, age, immune status, type of pathogen (species and strain), and
environmental conditions (Ghittino et al., 1999; Ravelo et al., 2001 and Vendrell et al.,
2006). Epidemiological studies in the major tilapia producing regions of Asia and Latin
America from 2001 to 2009 (Table, 1) showed that of the nearly 500 streptococcal
isolates recovered from tilapia, 82% were identified as S. agalactiae and 18% were
identified as S. iniae (Liu et al., 2016). In China, more than 90% of the clinical bacterial
isolates from infected tilapia since 2009 have been S. agalactiae (Chen et al., 2012a).
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Table(1): Streptococcus bacterial agents and detailed information of affected fish
species, locations, hosts, and clinical criteria (Mishra et al.,2018)

3. DIAGNOSIS
3.1. Clinical signs and postmortem legions
Streptococcosis, known as ‘pop-eye’, is contagious with high mortality and has
assumed its importance due to being the most crushing threat as it can bring about huge
number of deaths of large size fish causing heavy commercial losses in Australia, Italy,
Japan, Korea, South Africa, Colombia, Indonesia and USA. The global commercial
losses estimated to reach 250 million USD in 2008. Within 3 to 7 days, acute
Streptococcus infections in fish induce > 50% mortality rates, while in chronic infections
the mortalities could extend to several weeks, with a daily death of one or two of the fish.
In most cases, the clinical symptoms of Streptococcus infection, with no species
differences is usually in the form of lethargic, erratic swimming (spiraling or spinning
swimming), dark skin pigmentation, exophthalmia with opacity and hemorrhage in the
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eye, abdominal distension, diffused hemorrhage in the operculum, around the mouth,
anus and base of the fins and enlarged blackened spleen (Osman et al., 2017).

Fig. (1): Phylogeography of major fish pathogens belonging to Streptococcus species,
distribution pattern shows the presence of these bacterial isolates over the
continents (Mishra et al., 2018)
The infected fish has clinical signs such as lethargy, anorexia, loss of orientation,
exophthalmia, abdominal distension, erratic swimming and scattered hemorrhage around
the operculum, mouth, fin, body or sudden death with few signs which are similar to
clinical signs of other bacteremia (Jantrakajorn et al., 2014).
Common clinical signs of S. agalactiae infection reflect damages in diverse
tissues, as the affected fish may manifest erratic swimming, lethargy and dorsal rigidity
as a result of lesions in the central nervous system. Streptococcus agalactiae causes a
systemic chronic inflammatory response characterized by the presence of granulomas in
different organs. Exophthalmia is a common finding that may develop as a result of
retrobulbar infection. Grossly, there are fibrinous pericarditis and peritonitis,
haemorrhages around the brain, the retrobulbar region and intestines. Microscopically,
the major reported lesions are haemorrhagic or granulomatous meningo-encephalitis,
choroiditis, periscleritis, epicarditis, splenitis and nephritis, where abundant Grampositive cocci are often observed free or within macrophages (Iregui et al., 2016).
The clinical signs of streptococcosis, including depression or excitability,
anorexia, erratic swimming and whirling, can be observed soon after infection.
Pathogenesis in infected fish involves septicaemia and bacterial colonization in numerous
organs such as the nares, brain, kidney and intestines (Kannika et al., 2017).
3.2. Morphochemical characteristics
The Genus Streptococcus contains Gram-positive spherical bacteria less than 2
microns diameters that typically grow in pairs and form chains when grown in liquid
media. Most members are facultative anaerobes, as they can grow in absent or limited
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oxygen conditions; they are catalase negative with varying nutritional requirements,
which reflects adaptation as commensals or parasites. Commonly, Streptococcus is grown
in culture media supplemented with red blood cells that may allow a preliminary
classification based on the production of hemolysis, which can be classified as βhemolytic, α-hemolytic or non-hemolytic strains (Edwards and Nizet, 2011). In
Colombia, the entire Streptococcus agalactiae strains isolated from tilapia by the
Veterinary Pathobiology Group at the Universidad Nacional de Colombia (VPG, UNC)
have been found non-hemolytic and belonging to the serotype Ib. The identification
scheme followed in the laboratory is based on colony characteristics, hemolytic
properties, carbohydrate and protein antigen composition, sugar fermentation and other
biochemical reactions. DNA sequencing of 16 and 23S rRNA genes. The majority of
pathogenic streptococci have a serologically reactive carbohydrate sheath that is antigenic
different from one species or group of species to another. These cell wall associated
antigens are designated A-H and K-V, and are the basis of the Lancefield groups (Iregui
et al., 2016).
S. agalactiae bacterial cells were Gram positive cocci with different
characteristics. The diameters of non-haemolytic and β- haemolytic type cell colonies
were around 0.591-0.748 μm and 0.787-1.231 μm respectively. Both types of bacteria
could grow well at 28°C, and were not significantly different when the growth test was
carried out at 37°C (Suhermanto et al., 2019). S. agalactiae contains the cAMP factor, a
pore-forming toxin first identified in this bacterium. The cAMP reaction is based on the
co-hemolytic activity of the cAMP factor and is commonly used to identify S. agalactiae
in the clinic. Although the cAMP toxin has been discovered more than a half century ago,
no structure from this toxin family has been reported, and the mechanism of action of this
toxin remains unclear (Jin et al., 2018). The biochemical characteristics of all isolates
with streptococcosis showed non-motile, β-haemolytic/non-haemolytic, catalase and
oxidase negative, fermentative positive, did not grow on media sulphide indole motility
(SIM), grew on 6.5% NaCl media and bile salt media 40%. The characteristics in the
confirmation test using API 20 STREP were different and β-haemolytic bacteria
hydrolyzed more sugar than the non-haemolytic type. Test of hemolysis isolate activity in
blood agar media showed a difference in hemolysis of blood. β-haemolytic bacteria had
different characteristics when cultured on brain heart infusion agar (BHIA) media i.e.
they had thick colonies, more transparent, slimy and easily harvested, while nonhaemolytic bacteria tended to be rather thin, yellowish, sticky and difficult to harvest
(Suhermanto et al., 2019).
4. TRANSMISSION AND SOURCE OF INFECTION
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 et al., 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 lower host
resistance (Hooper et al., 2007).
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S. agalactiae and S. iniae, are the most common bacteria that cause huge
economic losses in the tilapia industry. Their prevalence and severity depend on multiple
environmental factors, including warm water temperatures (in the summer), increased
ammonia levels, and low dissolved oxygen levels (caused by poor husbandry and high
stocking density). S. agalactiae is more commonly associated with diseases in human
and bovine hosts. However, fish-pathogenic S. agalactiae were documented as early as
1966, when a non hemolytic Group B Streptococcus was identified as the cause of 2
epizootics in golden shiners Notemigonus crysoleucas (Bromage and Owens ,2002). It is
worth mentioning that S. agalactiae is more prevalent than S. iniae in tilapia (Liu et
al,2016).
A study by Xu et al. (2007) showed that the infection by this particular pathogen
could occur through wounds and abrasions of the skin. This mechanism usually involved
in fish that were cultured in high densities. Furthermore, the transmission of
Streptococcus between different species of wild and cultured fish, within the same
aquatic environment, is likely to occur. This happens due to the fact that wild fish and
fish cultured nearby have been found to be infected with the same S. iniae strains.
Similarly, Bromage and Owen (2002) reported that the fish cohabiting barramundi pens
had the same S. iniae strains as the barramundi. In addition, the transmission among the
species of reef fish has also been reported in the Caribbean (Amal and Zamri, 2011).
Some stressors that have been associated with the Streptococcal outbreaks include
high and low water temperatures, high salinity and alkalinity (pH>8), low dissolved
oxygen concentration, poor water quality (such as high ammonia or nitrite
concentrations), high stocking densities, as well as harvesting and handling effects
(Yanong & Floyd, 2002).
Water quality parameters can contribute to the development of disease.The
intolerance of tilapias to low temperatures is a well-known fact which causes a serious
constraint for commercial culture in temperate regions. Reproduction of tilapia is best in
water temperatures above 27℃, but it does not occur when water temperature is below
20℃. It was concluded that the optimal water temperature for the growth of tilapias is
between 29℃ and 31℃, but a water temperature of >31℃ predisposes tilapias to the
outbreaks of Streptococcus agalactiae infection. Although tilapia can survive acute low
dissolved oxygen (DO) concentrations of less than 0.3 mg/l for several hours, tilapia
ponds should be managed to maintain the DO concentrations above 1 mg/l. Furthermore,
metabolism, growth, and disease resistance are depressed when DO falls below this level
for a prolonged period, predisposing tilapias to streptococcosis (Amal et al., 2008). To
cause disease, a microorganism must first adhere to the epithelial surfaces of a host. In
the case of systemic pathogens such as S. agalactiae, the bacterium must first invade the
intestinal epithelium before reaching the systemic compartment. Few studies are available
where the mechanisms of adhesion and invasion through the epithelia by S. agalactiae,
both in fish and in mammals, have been addressed (Barato et al., 2016). Using the
intragastric route for S. agalactiae inoculation, Iregui et al. (2016) demonstrated the
adhesion and invasion of the microorganism through the gastrointestinal epithelium,
proposing that the main entry route of the pathogen to the host was oral. The mechanism
of adherence and invasion of S. agalactiae in tilapias would allow the formulation of
ecologically viable prevention and control strategies. The proposed mechanism for this
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evasion might be due to the fact that the microorganisms possess sialic acid on their
surface, the same that is found on the surface of the host epithelial cells allowing the
bacteria to mimic and deceive the host's immune system. It is interesting to note that
enterocytes did not show significant mortality even when large numbers of the pathogen
were within the cytoplasm of these cells and also were dividing. It might be speculated
that affected enterocytes could detach from the epithelial layer and die in the intestinal
lumen. Detaching as a natural defense measure against pathogens has been reported
(Williams et al., 2015). In addition, it was confirmed that the gastrointestinal route is the
main route of entry and infection and that S. agalactiae is deprived of the capsule to
adhere to the epithelium (Vásquez-machado et al ., 2019).
5. PATHOGEN
The pathogenesis of streptococcosis depends upon several factors that vary with
fish species, bacterial species, and isolates. Further details of virulence and pathogenicity
of streptococcosis are given below. Genetic virulence depends on several factors; for
example, S. iniae virulence is associated with a unique genetic profile (Fuller et al.,
2001). Comparison of 17 geographically different strains of L. garvieae based on genetic
homogeneity vs. serological data showed that pathogen diversity is related to virulence
factors (Barnes and Ellis, 2004). Another study showed that the lactococcal bacterial
population presented a clonal structure in endemic regions, while in sporadic regions; it
displayed a high genetic heterogeneity (Eyngor et al., 2004). Virulence experiments have
shown that capsulated Lactococcus garvieae strains are more virulent than noncapsulated strains in rainbow trout (Barnes et al., 2002). Virulence varies with bacterial
isolates within the same species in S. dysgalactiae (Abdelsalam et al., 2010). Currently,
the potential for Streptococcus species to cross interspecies barriers and cause disease in
other hosts is poorly understood. Many streptococcal species are multi-host pathogens.
Humans constantly face the risk of infection due to close interactions with the fish
industry (Abdelsalam et al., 2010). S. iniae, S. agalactiae, L. garvieae, and S.
dysgalactiae are human pathogens, forming a major threat to public health. S. iniae can
cause bacteremic cellulitis, septic arthritis, meningitis, and endocarditis (Weinstein et al.,
1997; Facklam et al., 2005; Lau et al., 2006; Agnew and Barnes, 2007 and Al-Harbi,
2011), while S. agalactiae can cause meningitis and pneumonia in humans (Brimil et al.,
2006; Johri et al., 2006).
6. HISTOPATHOLOGY
Grossly, there are fibrinous pericarditis and peritonitis, and haemorrhages in the
meninges, the retrobulbar region and the intestine are common. Microscopically, the
principal lesions of Streptococcus agalactiae are haemorrhagic, macrophage rich or
granulomatous meningoencephalitis, choroiditis, periscleritis, epicarditis, splenitis and
nephritis, where abundant Gram positive cocci are often observed (Vásquez-Machado et
al., 2019). The most important histopathology findings were: acute or chronic
suppurative fibrin type epicarditis, suppurative myocarditis, acute suppurative meningitis
and acute suppurative panophthalmitis. Presence of dispersed pigment in epithelial cells
,coagulation necrosis in muscle ,necrosis and mononuclear infiltration in the liver,
hyperplasia and fusion of secondary lamella, congestion, increased of
melanomacrophages center (MMC) in spleen, acute suppurative perisplenitis,
lymphocytolisis, fat and hydropic degeneration (Ortega Asencios et al., 2016).
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The brain of naturally infected tilapia was found to have signs of
meningoencephalitis. It was visible by the presence of hemorrhages, edema, inflamed
neurons with margination, hypertrophied nuclei, marginated hemocytes, and
hypertrophied hemocytes. Meningoencephalitis and granuloma-like structures were
observed in the brain tissue. The kidney of infected tilapia exhibited extensively
necrotized tissue, glomerulopathy with dilated Bowman’s capsules, and constricted
tubular lumen with vacuolation in the epithelial layer .The hematopoietic tissue of the
kidney was hemorrhagic and hypoplastic in appearance. At higher magnification, cellular
and nuclear hypertrophy, melanin reaction, and eosinophilic ground substances were
visible. The liver of naturally infected tilapia showed massive necrosis of hepatocytes as
most of them appeared without a nucleus and with marked fatty changes and hemorrhagic
areas. There was karyolysis in hepatocytes as well as marginated hepatocytes with
nuclear hypertrophy, pyknotic nuclei, hypertrophied nuclei, and eosinophilic deposition
.Congestion of liver blood capillaries, necrosis of hepatocytes, melanin reaction,
eosinophilic ground substances ,hemosiderin deposition, and a ruptured portal vein were
also noted. Changes were also found in pancreatic tissue, which included degradation and
vacuolation of exocrine pancreatic cells, inflammation and necrosis of pancreatic cells,
fatty changes and necrosis of hepatocytes, and dilation of the pancreatic duct. The spleen
of infected tilapia showed melano macrophage aggregates, extensive necrosis,
congestion, hemocyte infiltration, hemosiderin deposition, cellular hypertrophy,
vasodilation, darkly stained nuclei, and eosinophilic ground substances. Granuloma-like
lesions, similar to those found in the brain, were also observed in the spleen.The blood
capillaries of the spleen were dilated, and leukocytes were emerging to the site of
infection. The bacterial infection also affected the intestine of tilapia and caused
degradation of columnar epithelium exposing the enterocytes of the villi and microvilli,
inflammation at the tip of the microvilli, a hemorrhagic area at the villi, and disruption
and inflammation in the tunica muscularis and submucosa. Karyolysis, pyknotic nuclei,
vacuolation, marginated cells, and inclusion-like bodies were also found in the intestine
(Adikesavalu et al., 2017).
7. CONTROL
7.1. Antibiotic sensitivity
Antimicrobial administration is one type of the streptococcal infection control in
fish farming. However, the use of antimicrobials has contributed to the development of
drug resistance in fish pathogens (Smith, 2008). Control of Streptococcus has been
carried out using antibiotics with vaccination that has been reported to reduce infection
rates. Florfenicol, an antibiotic which is analogous to thiamfenicol, was used in the sun
shine bass to control S. iniae with 43% difference in mortality between challenged-treated
and challenged untreated fish (Gabriel et al., 2014).
The susceptibility of 17 Streptococcus strains was assessed against different
antibiotics. Highest resistant to Tetracycline was 94.1% while the lowest resistance was
observed for Nitrofurantoin, Streptomycin, Gentamicin and Trimethoprim/
Sulphamethaxozol with a percentage of 5.9. The 17 isolates showed total susceptibility to
Amoxicillin/Clavulanic acid, Piperacillin/Tazobactam, Nalidixic acid, Colistin and
Amikacin (Osman et al., 2017).
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7.2. Vaccination:
The health of offspring from the brood stock depends upon the health, as well as
the immune status. Transfer of maternal immunity is one of the alternatives to increase
immunity in offspring and enhance the survival rate of offspring. Currently, the
immunization of brood stock with monovalent vaccines has reported transfer immunity to
the offspring such as in turbot, sea bream, zebra fishes, catfish, and tilapia. Immunization
of the brood stock with an S. agalactiae monovalent vaccine followed by S. agalactiae
challenge, and immunization with A. hydrophila vaccine followed by A. hydrophila
challenge, could enhance immunity and protection to the offspring produced from
immunized brood stock. Several studies have also reported that immune factors can be
transferred from brood stock to offspring through antibodies, lysozymes, protease
inhibitors, and complement factors (Pasaribu et al., 2018).
Vaccination is another effective method of treatment, which has been used against
disease outbreak. However, vaccines are often too expensive and unpractical for wide
spread use in fish farms in addition to the fact that a single vaccine owes a specific effect
against only one type of pathogen (Awad and Awaad 2017). Vaccination is a widely
accepted and effective method to control S. agalactiae infection and prevent mass tilapia
mortalities (Liu et al.,2016). As vaccines were developed in other fishes, traditional
inactivated vaccines were used widely to provide protection for tilapia from S.agalactiae
infection. During the early days of inactivated vaccine development, most products
contained inactivated bacteria mixed with their extracellular products (Pasnik et al.,
2005).
Because several killed vaccines had been shown to be efficient against piscine
bacterial disease caused by S. iniae and Enterococcus spp. a formalin-killed S. agalactiae
vaccine was tested successfully on tilapia for the first time in 1995. This formalin-killed
Streptococcus difficile strain known as non-hemolytic, serotype Ib S. agalactiae, was able
to protect tilapia against a challenge of 100× the median lethal dose (LD50) when
delivered via intra-peritoneal (IP) injection. Since then, several inactivated vaccines have
been used to control S. agalactiae infection in tilapia (Liu et al., 2016). Commercial
vaccines for tilapia against streptococcosis are currently available in many countries and
are widely used. The most common type of vaccine for streptococcosis is the injectable
vaccine, administered via intra-peritoneal route as it provides the best protection against
streptococcosis .Injection is the most potent route of vaccination as it produces a stronger
immune response compared to other routes of vaccination such as spray and immersion.
However, the injection method requires a certain level of manpower, technical prowess
and proper equipment. Therefore, a more practical route of vaccination is the oral route as
there is no direct contact between handler and fish. Furthermore, no specific technical
skill is needed to apply the vaccine to the fish. However, oral vaccination results in lower
efficacy and shorter period of protection (Ismail et al., 2016).
CONCLUSION
Comprehensive pathophysiological , biochemical and histopathogical research is
highly needed to better understand the pathogenic mechanisms of Group B Streptococci
(GBS) and to overcome the knowledge gap in epidemiology and control of fish GBS
related diseases.

133 Streptococcus: A review article on an emerging pathogen of farmed fishes
___________________________________________________________________________________

REFERENCES
Abdelsalam, M.; Asheg, A. and Eissa, A.E. (2013). Streptococcus dysgalactiae: An emerging
pathogen of fishes and mammals. Int. J. Vet. Sci. Med., 1: 1- 6.
Abdelsalam, M.; Chen, S. C. and Yoshida, T. (2010). Dissemination of streptococcal
pyrogenic exotoxin G (spegg) with an IS-like element in fish isolates of Streptococcus
dysgalactiae. FEMS Microbiol. Lett., 309: 105-113.
Adikesavalu, H.; Banerjee, S.; Patra, A. and Abraham, T.J. (2017). Meningoencephalitis
in farmed monosex Nile tilapia (Oreochromis niloticus L.) caused by Streptococcus
agalactiae. Arch. Pol. Fish., 25: 187-200. DOI 10.1515/aopf-2017-0018s
Agnew, W. and Barnes, A.C. (2007). Streptococcus iniae: an aquatic pathogen of global
veterinary significance and a challenging candidate for reliable vaccination. Vet. Microbiol.
122: 1-15.
Al-Harbi, A.H. (2011). Molecular characterization of Streptococcus Streptococcus Infection
in Aquaculture iniae isolated from hybrid tilapia (Oreochromis niloticus× Oreochromis
aureus). Aquaculture, 312: 15-18.
Amal, A.M.N.; Siti-Zahrah, A.; Zulkafli, R.; Misri, S.; Ramley, A.; and Zamri-Saad, M.
(2008). The effect of water temperature on the incidence of Streptococcus agalactiae infection
in cage-cultured tilapia. International Seminar on Management Strategies on Animal Health
and Production Control in Anticipation of Global Warming (pp. 48-51). Surabaya
Amal, M.N.A. and Zami S. M. (2011). Streptococcosis in Tilapia (Oreochromis niloticus): A
Review Department of Veterinary Pathology and Microbiology, Faculty of Veterinary
Medicine, Universiti Putra Malaysia, 43400 UPM, Serdang, Selangor, Malaysia .E- Pertanika
J. Trop. Agric. Sci. 34 (2): 195 – 206.
Asencios, Y.O.; Sánchez, F.B.; Mendizábal, H.B.; Pusari, K.H.; Alfonso, H.O.; and
Sayán, A.M. (2016). First report of Streptococcus agalactiae isolated from Oreochromis
niloticus in Piura, Peru: Molecular identification and histopathological lesions. Aquac.
Rep, 4:74–79.
Athanassopoulou, F. and Roberts, R.J. (2004). Streptococcal infections of farmed fish (In
Greek and English). Journal of the Hellenic Veterinary Medical Society. 55: 136-144.
Awad E. and Awaad A (2017). Role of medicinal plants on growth performance and immune
status in fish. Fish & Shellfish Immunology 67: 40e54
Baeck, G.W.; Kim, J.H.; Gomez, D.K.; and Park, S.C. (2006). Isolation and
characterization of Streptococcus sp. from diseased flounder(Paralichthys olivaceus) in Jeju
Island. J. Vet. Sci. 7: 53-58.
Barato, P.; Martins, E. R.; Vasquez, G. M.; Ramirez, M.; Melo Cristino, J.; Martínez,
N.; and Iregui, C. (2016). Capsule impairs efficient adherence of Streptococcus agalactiae to
intestinal epithelium in tilapias Oreochromis sp. Microbial Pathogenesis, 100, 30–36.

134

Gamal A El-Noby et al., 2021

https://doi. org/10.1016/j. micpath. 2016.08.040
Barnes, A.C. and Ellis, A.E. (2004). Role of capsule in serotypic differences and complement
fixation by Lactococcus garvieae. Fish Shellfish Immunol. 16, 207-214.
Barnes, A.C.; Guyot, C.; Hansen, B.G.; Mackenzie, K.; Horne, M.T.; and Ellis, A.E.
(2002). Resistance to serum killing may contribute to differences in the abilities of capsulate
and non-capsulated isolates of Lactococcus garvieae to cause disease in rainbow trout
(Oncorhynchus mykiss L.). Fish Shellfish Immunol. 12, 155-168.
Bectas, Z. H.; Ucar, F. B. and Savaser, S. (2017). Isolation and Identification of
Streptococcus parauberis From Freshwater Fish in Turkey. LimnoFish - Journal of Limnology
and Freshwater Fisheries Research, 3(3):175-182 .DOI: 10.17216/limnofish.335516
Brimil, N.; Barthell, E.; Heindrichs, U.; Kuhn, M.; Lütticken, R.; and Spellerberg, B.
(2006). Epidemiology of Streptococcus agalactiae colonization in Germany. Int. J. Med.
Microbiol. 296, 39-44.
Bromage, E.S. and Owens, L. (2002). Infection of barramundi Lates calcarifer with
Streptococcus iniae:effects of different routes of exposure. Dis Aquat Org 52: 199−205.
Buller, N.B. (2014). Bacteria and Fungi from Fish and Other Aquatic Animals: A Practical
Identification Manual, 2nd ed.; CAB Internasional: Oxford, UK; p. 920.
Carson, J.; Gudkovs, N.; and Austin, B. (1993). Characteristics of an Enterococcus like
bacterium from Australia and South Africa, pathogenic for rainbow trout, Oncorhynchus
mykiss (Walbaum). J. Fish Dis. 16, 381-388.
Chang, P.; and Plumb, J. (1996). Effects of salinity on Streptococcus infection of Nile
tilapia, Oreochromis niloticus. J. Appl. Aquaculture. 6, 39-45.
Chen, M.; Li L.P.; Wang, R.; Liang, W.W. ; Liang, W.; Huang, Y.; Li, J.; Lei, A.;
Huang, W. and Gan, X. (2012a) PCR detection and PFGE genotype analyses of streptococcal
clinical isolates from tilapia in China. Vet Microbiol 159:526−530
Chen, M.; Li L.P.; Wang, R.; Liang, W.W. ; Liang, W.; Huang, Y.; Li, J.; Lei, A.;
Huang, W. and Gan, X. (2012b) Screening vaccine candidate strains against Strepto - coccus
agalactiae of tilapia based on PFGE genotype.Vaccine 30: 6088−6092
Dang, V. T.; Speck, P. and Benkendorff, K. (2012). Influence of elevated temperatures on
the immune response of abalone, Haliotis rubra. Fish & Shellfish Immunology, v. 32: 732740. DOI: http://dx.doi. org/10.1016/j.fsi.2012.01.022
Diler, O.; Altun, S.; Adiloglu, A.; Kubilay, A.; and Istklt, B. (2002). First occurrence of
Streptococcosis affecting farmed rainbow trout(Oncorhynchus mykiss) in Turkey. Bull. Eur.
Ass. Fish Pathol. 22, 21-26.
Dong H.T.; Nguyen V.V.; Le H.D.; Sangsuriya P.; Jitrakorn S.; Saksmerprome V.;

135 Streptococcus: A review article on an emerging pathogen of farmed fishes
___________________________________________________________________________________

Senapin S. and Rodkhum C. (2015a) Naturally concurrent infections of bacterial and viral
pathogens in disease outbreaks in cultured Nile tilapia (Oreochromis niloticus) farms.
Aquaculture 448, 427–435.
Dong H.T.; Nguyen V.V.; Phiwsaiya K.; Gangnonngiw W.; Withyachumnarnkul B.;
Rodkhum C. and Senapin S. (2015b) Concurrent infections of Flavobacterium columnare
and Edwardsiella ictaluri in striped catfish, Pangasianodon hypophthalmus in Thailand.
Aquaculture 448, 142–150
Edwards, M.S. and Nizet, V.(2011). Group B streptococcal infections. In: Remington JS,
Klein JO, Wilson CB, et al., editors. Infectious Diseases Of The Fetus And Newborn
Infant. 7th edn. Amsterdam: Elsevier;. pp. 419–469.
Evans, J.J.; Bohnsack, J.F.; Klesius, P.H.; Whiting, A.A.; Garcia, J.C.; Shoemaker, C.A.
and Takahashi, S. (2008). Phylogenetic relationships among Streptococcus agalactiae
isolated from piscine, dolphin, bovine and human sources: a dolphin and piscine lineage
associated with a fish epidemic in Kuwait is also associated with human neonatal infections in
Japan. J Med Microbiol 57, 1369– 1376.
Eyngor, M.; Zlotkin, A.; Ghittino, C.; Prearo, M.; Douet, D.-G.; Chilmonczyk, S. and
Eldar, A. (2004). Clonality and diversity of the fish pathogen Lactococcus garvieae in
Mediterranean countries. Appl.Environ. Microbiol. 70, 5132-5137.
Facklam, R.; Elliott, J.; Shewmaker, L. and Reingold, A. (2005). Identification and
characterization of sporadic isolates of Streptococcus iniae isolated from humans. J. Clin.
Microbiol. 43, 933-937.
FAO. (2016). Tha state of world fisheries and aquaculture, Rome, 200p.
Fuller, J.D.; Bast, D.J.; Nizet, V.; Low, D.E. and de Azavedo, J.C. (2001) Streptococcus
iniae virulence is associated with a distinct genetic profile. Infect. Immun. 69, 1994-2000.
Gabriel, A.; Kamble, M.; Omeji, S.; Azpeitia, T.; Chavan, B. and Medhe, S. (2014).
Potency of Herbal Extracts for the Treatment of Streptococcus Infection in Tilapia.
International Journal of Basic and Applied Biology. 2. 2394-5820.
Ghittino, C.; Accornero, P.; Prearo, M.; Rogato, F.; Zlotkin, A. and Eldar A.(1999).
Coldwater streptococcoses in salmonids, with particular reference to Vagococcus
salmoninarum infection. Proceedings of Workshop in Fish Streptococcoses, IZS–State
Veterinary Institute; Turin, Italy.
Hanol Bektas, Z.; Ucar, F.B. A and Savaser, S. (2017). Isolation and identification of
Streptococcus parauberis from freshwater fish in Turkey. Journal of Limnology and
Freshwater Fisheries Research, 3(3): 175-182
Hooper, C.; Day, R.; Slocombe, R.; Handlinger, J.and Benkendorff, K. (2007). Stress and
immune responses in abalone: limitations in current knowledge and investigative methods

136

Gamal A El-Noby et al., 2021

based on other models. Fish and Shellfish Immunology, v. 22, n. 4, p. 363-379. doi:
http://dx.doi.org/10.1016/j.fsi.2006.06.009
Iregui, C.; Comas, J.; Vásquez, G.; and Verján, N. (2016). Experimental early pathogenesis
of Streptococcus agalactiae infection in red tilapia Oreochromis spp. Journal of Fish Diseases,
39(2), 205–215.
Ismail, M. S.; Siti-Zahrah, A.; Syafiq, M.R.M. ;Amal, M.N. ; Firdaus-Nawi, M. and
Zamri-Saad, M. (2016) Feed-based vaccination regime against streptococcosis in red tilapia,
Oreochromis niloticus x Oreochromis mossambicus. BMC Veterinary Research 12:194 DOI
10.1186/s12917-016-0834-1.
Jantrakajorn, S.; Maisak, H. and Wongtavatchai J. (2014). Comprehensive investigation of
streptococcosis outbreaks in cultured Nile tilapia, Oreochromis niloticus, and red tilapia,
Oreochromis sp., of Thailand. Journal of the World Aquaculture Society 45, 392–402.
Jin, T.; Brefo-Mensah, E.; Fan, W.; Zeng, W.; Li, Y.; Zhang, Y. and Palmer M. (2018).
Crystal structure of the Streptococcus agalactiae CAMP factor, and insights into its
membrane-permeabilizing activity. Journal of Biological Chemistry, 293: 11867–11877.
doi: 10.1074/jbc.RA118.002336
Johri, A.K.; Paoletti, L.C.; Glaser, P.; Dua, M.; Sharma, P.K.; Grandi, G. and Rappuoli,
R. (2006). Group B Streptococcus: global incidence and vaccine development. Nat. Rev.
Microbiol. 4, 932-942
Kannika, K.; Pisuttharachai, D.; Srisapoome, P.; Wongtavatchai, J.; Kondo, H.; Hirono,
I.; Unajak, S. and Areechon, N. (2017). Molecular serotyping, virulence gene profiling and
pathogenicity of Streptococcus agalactiae isolated from tilapia farms in Thailand by multiplex
PCR. J Appl Microbiol. ;122(6):1497-1507. doi: 10.1111/jam.13447. Epub 2017 May 9.
PMID: 28295891.
Klesius, P.H. and Pridgeon, J.W. (2011). Live attenuated bacterial vaccines in aquaculture.
In: Proceedings of the 9th International Symposium on Tilapia in Aquaculture;. p. 18–26.
Lau, S.K.; Woo, P.C.; Luk, W.K.; Fung, A.M.; Hui, W.T.; Fong, A.H.; Chow, C.W.;
Wong, S.S. and Yuen, K.Y. (2006). Clinical isolates of Streptococcus iniae from Asia are
more mucoid and beta-hemolytic than those from North America. Diagn. Microbiol. Infect.
Dis. 54, 177-181.
Li, L.; Wang, R.; Liang, W.; Huang, T.; Huang, Y.; Luo, F.; Lei, A.; Chen, M. and Gan,
X. (2015). Development of live attenuated Streptococcus agalactiae vaccine for tilapia via
continuous passage in vitro. Fish Shellfish Immunol. 45, 955-963.
Liu, G. ; Zhu, J.; Chen, K.; Gao, T.; Yao, H.; Liu, Y.; Zhang, W. and Lu, C. (2016).
Development of Streptococcus agalactiae vaccines for tilapia, USA.Vol. 122: 163–170.
Liu,G.; Zhu,J.; Chen, K.; Gao, T.; Yao,H.; Liu,Y.; Zhang, W. and Lu, C. (2016).

137 Streptococcus: A review article on an emerging pathogen of farmed fishes
___________________________________________________________________________________

Development of Streptococcus agalactiae vaccines for tilapia . Dis Aquat Org,Vol. 122: 163–
170, 2016 doi: 10.3354/dao03084
Marcogliese, D. J.(2010). The impact of climate change on the parasites and infectious
diseases of aquatic animals. OIE Revue Scientifique et Technique, v. 27, p. 467-484.
Martins, M. L.; Miyazaki, D. M. Y.; Tavares-Dias, M.; Fenerick, J. R. J.; Onaka, E. M.;
Bozzo, F. R. and Moraes, F. R. (2009). Characterization of the acute inflammatory response
in the hybrid tambacu (Piaractus mesopotamicus male x Colossoma macropomum female)
(Osteichthyes). Brazilian Journal of Biology, 69: 957-962.
Mishra, A.; Nam, G.H.; Gim, J.A.; Lee, H.E.; Jo, A. and Kim HS. (2018). Current
Challenges of Streptococcus Infection and Effective Molecular, Cellular, and Environmental
Control Methods in Aquaculture. Mol. Cells;41:495-505. https://doi.org/10.14348/
molcells.2018.2154
Netto, L.N.; Leal, C.A. and Figueiredo, H.C. (2011). Streptococcus dysgalactiae as an agent
of septicaemia in Nile tilapia, Oreochromis niloticus (L.). J. Fish Dis. 34:251-254.
Nho, S.W.; Hikima, J.; Park, S.B.; Jang, H.B.; Cha, I.S.; Yasuike, M.; Nakamura, Y.;
Fujiwara, A.; Sano, M.; Kanai, K.; et al. (2013). Comparative genomic characterization of
three Streptococcus parauberis strains in fish pathogen, as assessed by wide-genome analyses.
PLoS One 8, e80395
Ortega Asencios, Y.; Barreiro Sánchez, F.; Bueno Mendizábal, H.; Huancaré Pusari, K.;
Ostos Alfonso, H.; Manchego Sayán, A.; Pereira Figueiredo, M. A.; Gómez Manrique,
W.; de Andrade Belo, M. A. and Sandoval Chaupe, N. (2016). First report of Streptococcus
agalactiae isolated from Oreochromis niloticus in Piura, Peru: Molecular identification and
histopathological lesions. Aquaculture reports, 4: 74-79. doi: 10.1016/j.aqrep.2016.06.002
Osman, K. M.; Al-Maary, K. S.; Mubarak, A. S.; Dawoud, T. M.; Moussa, I. M.;
Ibrahim, M.; Hessain, D. A. M. ; Orabi, A. and Fawzy, N. M. (2017): Characterization and
susceptibility of streptococci and enterococci isolated from Nile tilapia (Oreochromis
niloticus) showing septicaemia in aquaculture and wild sites in Egypt. BMC Veterinary
Research 13:357DOI 10.1186/s12917-017-1289-8.
Pasaribu, W.; Sukenda, S. and Nuryati, S.(2018). The Efficacy of Nile Tilapia
(Oreochromis niloticus) Broodstock and Larval Immunization against Streptococcus
agalactiae and Aeromonas hydrophila. Fishes , 3: 16.
Pasnik, D.J.; Evans, J.J. and Klesius, P.H. (2005). Duration of protective antibodies and
correlation with survival in Nile tilapia Oreochromis niloticus following Streptococcus
agalactiae vaccination. Dis Aquat Org. 66: 129−134
Pereira, U.; Mian, G.; Oliveira, I.; Benchetrit, L.; Costa, G. and Figueiredo, H. (2010).
Genotyping of Streptococcus agalactiae strains isolated from fish, human and cattle and their

138

Gamal A El-Noby et al., 2021

virulence potential in Nile tilapia. Vet. Microbiol. 140: 186-192.
Pridgeon, J.W. and Klesius, K. (2012) Major bacterial diseases in aquaculture and their
vaccine development. CAB Rev. 7, 1–16, doi:10.1079/PAVSNNR20127048.
Ravelo, C.; Magariños, B.; Romalde, J.L. and Toranzo, A.E. (2001).Conventional versus
miniaturized systems for the phenotypic characterization of Lactococcus garvieae strains. Bull
Eur Ass Fish Pathol. ;21:136–144.
Ruiz-Zarzuela, I.; de Bias, I.; Gironés, O.; Ghittino, C. and Múazquiz, J.(2005). Isolation
of Vagococcus salmoninarum in rainbow trout, Oncorhynchus mykiss (Walbaum),
broodstocks: characterization of the pathogen. Vet. Res. Commun. 29, 553-562.
Smith, P. (2008). Antimicrobial resistance in aquaculture. Rev. Sci. Tech. 27 243–264.
10.20506/rst.27.1.1799 .
Soto, E. and Revan, F.(2015). Culturability and persistence of Francisella noatunensis subsp.
orientalis (syn) in sea- and fresh water microcosms. Microbial Ecology, v. 63, p. 398-404,doi:
http://dx.doi. org/10.1007/s00248-011-9932-6
Suhermanto, A.; Sukenda, S.; Zairin, Jr. M.; Lusiastuti, A. M. and Nuryati S. (2019)
Characterization of Streptococcus agalactiae bacterium isolated from tilapia (Oreochromis
niloticus) culture in Indonesia. AACL Bioflux 12(3):756- 766.
Vásquez Machado, G.; Barato Gómez, P. and Iregui Castro, C. (2019). Morphological
characterization of the adherence and invasion of Streptococcus agalactiae to the intestinal
mucosa of tilapia Oreochromis sp.: An in vitro model. J Fish Dis., 42: 1223 –
1231. https://doi.org/10.1111/jfd.13042
Vendrell, D.; Balcázar, J.L.; Ruiz-Zarzuela, I.; De Blas, I.; Gironés, O. and Múzquiz, J.L.
(2006).Lactococcus garvieae in fish: a review. Comp Immunol Microbiol Infect Dis. ;29:177–
198.
Wang, K.; Chen, D.; Huang, L.; Lian, H.; Wang, J.; Xiao, D.; Geng, Y.; Yang, Z. and
Lai, W. (2013). Isolation and characterization of Streptococcus agalactiae from Nile Tilapia
Oreochromis niloticus in China Article Number - 0E9809817961 Vol.7(4), pp. 317323.https://doi.org/10.5897/AJMR12.1207
Weinstein, M.R.; Litt, M.; Kertesz, D.A.; Wyper, P.; Rose, D.; Coulter, M.; McGeer, A.;
Facklam, R.; Ostach, C.; Willey, B.M.; et al. (1997). Invasive infections due to a fish
pathogen, Streptococcus iniae. S. iniae Study Group. N. Engl. J. Med. 337, 589-594.
Williams, J. M.; Duckworth, C. A.; Burkitt, M. D.; Watson, A. J. M.; Campbell, B. J. and
Pritchard, D. M. (2015). Epithelial cell shedding and barrier function: A matter of life and
death at the small intestinal villus tip. Veterinary Pathology, 52(3), 445–455. https://doi.
org/10.1177/0300985814559404
Wongtavatchai, J. and Maisak, H. (2008). Pathobiological characteristic of streptococcosis
in farmed tilapia Oreochromis niloticus in Thailand In: The 5th World Fisheries Congress, (ed.

139 Streptococcus: A review article on an emerging pathogen of farmed fishes
___________________________________________________________________________________

by K. Tsukamoto, T. Kawamura, T. Takeuchi, T.D. Beard & M.J. Kaiser), pp. 347.
Yokohama, Japan.
Xu, D.H.;Shoemaker, C.A. and Klesius, P.H. (2007). Evaluation of the link between
grodactylosis and Streptococcus of Nile tilapia (O. niloticus). L. Fish Diseases, 30, 230-238
Yanong, R.P.E. and Francis-Floyd, R. (2002). Streptococcal infections of fish. Report from
University of Florida. Series from the Department of Fisheries and Aquatic Sciences, Florida
Cooperative Extension Service, Institute of Food and Agricultural Sciences.

