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Introduction
Tilapia are a group of fish having economic, commercial and 

nutritional importance. Among the commercial species are O. niloticus, 
O. mossambicus, O. aureus, O. urolepis hornorum, Tilapia rendalli and
T. zilli [1]. According to FAO [1], 99% of the species are cultivated
outside their original habitat, and tilapia are the second most important 
group of species cultivated worldwide, mainly in the Philippines,
Indonesia, Thailand, Malaysia, China, Chile, Mexico, Ecuador, Brazil
and Colombia, with production exceeding that for salmonid and
carp cultivation [1]. The success of tilapia production is due to their
rapid growth, that they are easy to propagate, are tolerant to many
environmental conditions, easily accept natural foods and supplements, 
and have greater resistance to disease and poor water quality. Yet, 90%
of diseases in culture systems are associated with poor management
and poor implementation of biosecurity programs. In addition, the
lack of producer knowledge regarding the absence or presence of
pathogenic risks, the low cost of food production and intensive culture 
further complicate the issues. Among the disease organisms that cause
mortality in tilapia are bacteria such as Flavobacterium columnare,
Edwardsiella tarda, Aeromonas spp., Vibrio spp., Francisella spp.,
Streptococcus agalactiae and S. iniae. Some of these pathogens are
distributed throughout tropical and temperate regions where warm-
water species, such as Nile tilapia, are commonly cultured. Merck Sharp 
and Dohme Corp. (MSD Animal Health) [2] mentions that mortalities 
increase with density (number of fish m-3) [3], and James et al. [4] and
Bondad-Reantaso et al. [5] indicate that aquacultural health problems
and the introduction of species promote the emergence of diseases.
According to Snieszko [6], disease is related to the interaction between
fish, pathogens and their waterways. When an organism is exposed to
a bacterial pathogen in an unfavorable environment (e.g. poor water
quality or excess of organic matter), disease incidence is higher because 
the balance between the pathogen, host and aquatic environment
destabilizes. However, fish contain a high bacterial diversity, which
results from a symbiotic effect among bacteria and tolerance by fish that 
protect them when adapting to nutritional changes and assimilation of
food in the digestive tract [7].

Bacteria in Fish-Farming: Pathology and Diagnosis
Streptococcus agalactiae

The genus Streptococcus is an emerging Gram-positive pathogen 
in freshwater and marine cultured fish [8]. It is characterized by 
septicemia and meningoencephalitis. The first case of infection 
occurred in Japan during the nineteenth century [9]. Infection is 
primarily with S. agalactiae at a prevalence of 40 to 70% during rearing 
of both juveniles and adults. It has been reported in various species 
of fish around the world, and its geographical distribution includes 
regions with temperate and tropical climates, including Brazil, China, 
Malaysia and the United States [10,11]. S. agalactiae has been reported 
in rainbow trout (Oncorhynchus mykiss), channel catfish (Ictalurus 
punctatus) and silver sea bream (Rhabdosargus sarba (formerly Sparus 
sarba)) [11], and it has been detected in terrestrial animals including 
dogs, pigs, cows, horses and humans [12]. The primary symptoms of 
infection are erratic swimming, swimming in circles, uncoordinated 
movements, skin injuries, anorexia or reduced appetite, exophthalmos, 
corneal opacity, extension of the visceral cavity, abdominal bleeding 
and swelling, softening of the brain and liver, hepatomegaly and liver 
paleness, splenomegaly and visceral adhesion [10,13,14]. The bacterium 
also causes 90 to 100% mortality in O. niloticus with a virulence for S. 
agalactiae based on strain SA20-06 at 6.14 × 101.17 CFU (CFU=colony 
forming units) isolated from different cultures, providing a lethal 
dose (LD50) at 1.12 × 106 CFU mL-1 72 hours after infection [15,16]. 
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Abstract
Oreochromis niloticus (Nile tilapia) is a species having tolerance to low water quality and disease, yet in recent 

years its cultivation has been faced with problems related to infections with bacteria such as Aeromonas spp., 
Streptococcus spp., Edwardsiella spp. and Francisella spp., each characterized by mortality between 15% and 
90% of aquaculture production. These economic losses are associated with poor management practices, minimal 
producer knowledge of disease control, and the maintenance of overly high densities; which they are directly related 
to electricity consumption, land use and water management, inputs of raw materials, and manpower for operating 
links in the value-chain. Mortalities are measured according to the degree of pathogenicity, which depends on the 
alteration and progression of physiological conditions of the host under the influence of environmental factors, health 
status and pathogen virulence. There is currently a need to confront and diminish the degree of pathogenicity, and 
researchers are seeking alternatives that allow the use and application of probiotic bacteria, plant extracts and 
vaccines. Here, we review the main pathogenic bacteria found in Oreochromis niloticus culture operations and 
options for controlling the appearance of bacterial pathogens in aquaculture production.
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Streptococcus is transmitted by direct and indirect contact, with water 
as the primary route of transmission, mainly through dispersion 
of infected dead, dying or apparently healthy fish which release the 
bacteria into the water resulting in the infection of other individuals and 
cell replication in skin and internal organs (71.2%) [17]. These bacteria 
can survive for long periods in water, mud and ponds, and even the 
equipment used in normal operations, yet sometimes incidence and 
prevalence are related to elevated temperatures (>27°C) [15].

In experiments, a concentration of 1x101 CFU and 1 × 105 CFU 
caused 80 to 100% mortality in cultured O. niloticus [13,17]. Merck 
Sharp and Dohme Corp. (MSD Animal Health) [2] confirms the 
presence of two forms of S. agalactiae, Biotype-I and Biotype-II. 
Biotype-I is characterized by mortalities in juveniles, while Biotype-
II by losses of adults with a prevalence of 56% in China, Indonesia, 
Vietnam, the Philippines and Latin America [18].

According to Ye et al. [11], this bacterium also reduces feeding 
efficiency and weight gain, thereby affecting the productive 
performance of infected organisms. However, some studies have 
reported the presence of mesophilic bacteria in natural systems. Al-
Harbi and Uddin [19], for example, determined the presence of 19 
species of bacteria, including Streptococcus spp., in samples of water 
(1.4 ± 1.5 × 103 to 8.6 ± 2.7 × 103 CFU mL-1), gill tissue (8.7 ± 1.9 × 
105 to 2.1 ± 0.9 × 106 CFU g-1) and intestinal tracts of tilapia (2.8 ± 2.4  
× 107 to 1.0 ± 1.6 × 108 CFU g-1), indicating a prevalence >10%, and 
with a greater diversification in intestines than in gills. This variation 
depends on the metabolic activity of fish in relation to the range of 
water temperatures [19,20].

Pretto-Giordano et al. [10] evaluated the degree of S. agalactiae 
pathogenesis at different concentrations: 1.5x108 CFU fish-1, 5.0x107 
CFU fish-1, 2.0x107 CFU fish-1 and 6.0x106 CFU fish-1. They determined 
that at 1.5x108 CFU fish-1 mortality was 67.5 to 90% during the first 48 
hours after intraperitoneal inoculation of tilapia, yielding a cumulative 
mortality of 44.4%. According to Newman [21], inoculation with 
S. agalactiae can be by immersion, and intraperitoneal or muscular 
injection [22,23]. However, the degree of pathogenicity depends on 
the inoculum concentration as well as the bacterial strain, observation 
period, host age and weight; temperature, phenotypic diversity and 
genotype, which also affect strain virulence [10,15].

Francisella spp.

Francisella is a genus of Gram-negative coccobacillus bacteria that 
is intracellularly and aerobically facultative [24]. It is classified as an 
emerging disease of farmed fish and wild species, and the presence or 
appearance of the pathogen or bacteria in new hosts increases according 
to the relationship between incidence and prevalence time [25,26].

Francisella has a prevalence of 85 to 90% in fish aquaculture. It is 
globally distributed and is reported in Chile, Brazil, Egypt, Costa Rica, 
Indonesia, Japan and in different European countries [24,27]. The 
genus Francisella is divided into two subspecies, and both are highly 
pathogenic according to the environment where they are found. For 
example, F. noatunensis orientalis occurs in tropical zones and F. 
noatunensis noatunensis occurs in temperate zones; its pathogenic 
harm is caused by direct contact, that is, with water, food and with 
some vectors of the natural system [25]. The pathogen causes chronic 
injury due to intracellular infiltration, with abnormalities reported in 
various species, but mainly O. niloticus [28]. It has also been diagnosed 
in humans, birds, reptiles, crustaceans, and soil and water samples 
[29,30]. Francisella spp. has been isolated from giant abalone (Haliotis 

gigantea Gmelin) [31], Atlantic cod (Gadus morhua L.) [27], Nile 
tilapia (O. niloticus) [22], Atlantic salmon (Salmo salar L.), white bass 
(Morone chrysops and striped bass (M. saxatilis) [32]. The pathogen is 
characterized by non-specific external signs such as erratic swimming, 
exophthalmos, anorexia, anemia and bleeding around the pectoral fins 
[28], and internal clinical signs such as epithelial hyperplasia in gills, 
splenomegaly, renomegaly, granulomas, nodes and necrosis in internal 
organs such as the spleen, heart, liver, kidney, brain and muscles 
[33,34]. The pathogen is transmitted horizontally in water, infecting 
fish by direct contact [33]. Pathogenicity occurs at temperatures <25°C, 
yet at temperatures between 26.5°C and 29.2°C there is no mortality of 
O. niloticus.

Aeromonas hydrophila

Aeromonas spp. is a genus of Gram-negative facultative pathogens 
in the Aeromonadaceae family. Within the lineage, four species are 
listed as the primary agents of septicemia, with the latter the causative 
agent of hemorrhagic septicemia syndrome or dermal red plague: 
A. salmonicida (considered the cause of furunculosis), A. sobria, A. 
canviae and A. hydrophila [35], which are opportunistic pathogens 
and pollution agents in culture environments. Within Aeromonas, 
A. hydrophila, A. salmonicida, A. sobria and A. piscicola have been 
isolated from species of tilapia (Oreochromis spp.), [36] rainbow 
trout (Oncorhynchus mykiss), Atlantic salmon (Salmo salar), channel 
catfish (Ictalurus punctatus) and goldfish (Carassius auratus) [35,37]. 
A. hydrophila has a prevalence between 10 and 85% at all stages of 
cultivation, and is considered the most important bacterial agent in 
cultured freshwater fish [37-40], and has also been reported in other 
animals, including mammals and humans. Human beings can also 
suffer from infections with A. sobria, A. hydrophila and A. caviae. It 
is also latent in hosts with homeothermic and poikilothermic physical 
activity [35,41]. The pathogen causes haemorrhages in skin and gills, 
and necrosis in internal organs, as well as weakness and anorexia [42]. 
The genus Aeromonas naturally occurs in many areas, but the degree 
of pathogenicity depends on species resistance and environmental 
conditions [40,43]. Aeromonas spp. is a secondary pathogen; its 
invasiveness depends on previous infection or damage by a primary 
pathogen or stress such as low dissolved oxygen (mg L-1), high organic 
content and ammonium, industrial pollution, temperature fluctuations 
or injury [44,45]. A. hydrophila is a commensal or saprophytic 
bacterium which predominates in the digestive system and skin 
[35,45,46]. In the cultivation of O. niloticus, fish were experimentally 
injected intraperitoneally with a lethal concentration (1x108 CFU) 
of A. hydrophila [47], compared to 1 × 102 and 1 × 107 CFU fish-1. 
These concentrations increased virulence due to the greater contact of 
intraperitoneal bacteria with viscera, such as kidney, heart and liver.

Li and Cai [48] intraperitoneally injected juvenile O. niloticus with 
A. sobria at LD50’s of 4.17 × 103 CFU, 0.1 × 102 and 0.1 × 107 CFU fish-1; 
this pathogen is the causative agent of tail rot in O. niloticus in China. 
The study revealed that all lethal concentrations revealed dead or dying 
fish, with the most common symptom being tail rot. During the study 
various antibiotics also were evaluated to measure their effect against 
pathogenic strain PY36, to determine if there was more pathogenic 
sensitivity to the antibiotics oxytetracycline, streptomycin, tetracycline, 
neomycin and trimethoprim. Pathogenic strain PY36 had greater 
resistance to the antibiotics ampicillin, chloramphenicol, enrofloxacin 
and kanamycin.

Yardimci and Aydin [47] and Conroy [44] reported that 
Aeromonas spp. causes exophthalmia, fluid accumulation, loss of 
scales and dermal tissue, necrotic damage in gill plates, as well as 
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microbiological culture characteristics, yet some bacteria are capable 
of exhibiting differences, according to metabolic reactions regarding 
catalase, oxidase, indole, lysine and arginine production, and the 
fermentation of glucose and lactose. In addition to verification tests such 
as Vogesproskauer, Methyl-red and Gram-stain [56], bacteriological 
studies allow us to analyze bacteria from water, sediment and tissue 
environments. Biochemical tests can be applied in various studies to 
verify the presence of E. tarda in four-way hybrids of O. niloticus, even 
if its presence in the host was an asymptomatic reaction [53]. Al-Harbi 
and Uddin [19] determined the presence of various pathogens such as 
Vibrio parahaemolyticus, V. alginolyticus, V. vulnificus, Pseudomonas 
spp., Streptococcus spp. and Shewanella putrefaciens with prevalences 
between 10 and 58% in O. niloticus. Whitman and McNair [56] mention 
that the pathogenicity of bacteria is measured in terms of their ability to 
invade a host, and whether they are primary or secondary pathogens. 
A primary pathogen can cause disease in healthy animals within a 
minimum stress range, while a secondary pathogen causes disease in 
the presence of a primary pathogen, although the secondary pathogen 
still significantly contributes to the disease. The degree of bacterial 
infection is classified into three types: (1) haemorrhagic septicemia 
(HS), (2) skin ulcers and sores, and (3) chronic loss of senses without 
signs of disease. Bacterial isolation is performed using selective culture 
media which are characterized as having nutrient combinations that 
bacteria require for growth and development of colonies. Such media 
are composed of tissue extracts from plants and animals, such as meat 
and yeast [57]. For example, blood agar (BHI), methylene blue agar 
(MBA), trypticase soy agar (TSB), Columbia agar (CNA) and rams 
blood agar are needed for identification and isolation of S. agalactiae 
[10,11]. For A. hydrophila, blood agar (BHI) is required, as well as 
biochemical evidence of glucose, maltose and sucrose production and 
mannitol fermentation [47]. To identify Francisella spp., cysteine and 
glucose are required, such as in Thayer-Martin agar, heart agar with 
selective cysteine, bovine haemoglobin, hares blood, trypticase soy agar 
(TSB), Mueller-Hinton agar and Columbia agar (CNA) [25,33,39]. 
Bergey's Manual of Determinative Bacteriology is commonly used to 
identify bacterial colonies [58]. This manual was also used by Evans 
et al. [59], although bacterial detection is currently performed with 
PCR (Polymerase Chain Reaction) which provides amplification of the 
16SrRNA gene in S. agalactiae [11], A. hydrophila [47] and Francisella 
spp. [24], a gene unique to bacteria.

Strategies to Reduce the Presence of Pathogens: 
Phytobiotics

The aquaculture industry is currently considering the use of herbal 
medicine, or phytotherapy, as an alternative for the reduction of 
environmental impact and improving the sanitary quality of products, 
and also helping to prevent diseases caused by pathogenic bacteria 
in aquatic organisms [60]. Phytotherapy is classified by the World 
Health Organization (WHO) as the science that studies products of 
plant origin for the manufacture of drugs and drug synthesis [60]. 
Plants are an invaluable source of biologically active molecules due 
to their production of secondary metabolites having pharmacological 
properties [61], active constituents that include polyphenols, 
flavonoids, phytoestrogens, isoprenoids, sulfur compounds, phenols, 
glycosides, saponins, monoterpenes, carotenoids, vitamins, fibers and 
minerals [62]. In the pharmaceutical industry, plants are considered 
chemotherapeutic products because they counter bacterial, fungal and 
degenerative diseases [60,61,63]. Punitha et al. [64] evaluated five plant 
species against infection from Vibrio harveyi in juvenile greasy grouper 
(Epinephelus tauvina): Bermudagrass (Cynodon dactylon) Indian long 

loss of vision due to eye orbital damage. It also causes septicemia in 
internal organs, especially in liver and kidney, which causes skin ulcers, 
hemorrhages and edema in fish muscle, thus affecting the innate 
immune system which is characterized as the first line of defense in 
an organism, and includes mucous membranes, skin and humoral 
mechanisms [49,50]. A. hydrophila can be isolated from the surface 
of the skin and intestine in fish because they produce large amounts 
of cytotoxins which cause cell necrosis [51]. Rubio-Limonta et al. [52] 
evaluated the behavior of the pathogen in west, central and eastern 
Cuba, and determined a larger presence of Aeromonas spp. in intensive 
culture of Oreochromis spp. compared with bacterial species of the 
genera Pseudomonas, Enterobacteriaceae, Flexibacter, Flavobacterium, 
Vibrio and Streptococcus. A. hydrophila has been challenged by using 
immunostimulants such as glucan (1%) and Lactobacillus rhamnosus 
(1x1010 CFU g-1) in experimental tilapia cultures, where both treatments 
were shown to be capable of reducing intestinal damage by bacteria, 
although the application of lactic acid bacteria can maintain the balance 
of intestinal microflora [50]. Harikrishnand and Balasundaram [45] 
mention that A. hydrophila invades fish when there is increased stress, 
similar to that mentioned by Snieszko [6]. 

Edwardsiella tarda 

Edwardsiella spp. is a Gram-negative strict pathogen. It is the 
causative agent of septicemia and is commonly housed in the intestines 
of fish. The genus consists of four species: E. tarda, E. Ictaluri, E. 
hoshinae and E. anguillimortifera. 

E. tarda is a pathogen reported in cultured O. niloticus, Japanese 
eel (Anguilla japonica), channel catfish (Ictalurus punctatus), red sea 
bream (Pagrus major), turbot (Scophthalmus maximus) and four-way 
hybrids of O. mossambicus x O. niloticus x O. urolepis hornorum x O. 
aureus [53]. It also has been found in dogs, reptiles and birds [54]. Park 
et al. [54] mention that E. ictaluri is widespread compared to E. tarda, 
with the latter characterized as causing zoonosis [42]. This pathogen is 
present in Taiwan, the United States, Venezuela and Japan [21,53,55]. 
The pathogen is present in environments with high temperatures, poor 
water quality and excess of organic matter; conditions that allow its 
adherence to and replication within fish cells. Edwardsiellosis provides 
a clinical picture of sepsis on the inside and outside of fish, including 
internal organs such as kidney, liver and spleen, and external such 
as skin, rectum and fins (bleeding), abdominal swelling and dull 
eyes. Infected fish also show symptoms of exophthalmos, abnormal 
swimming and spiral movements. However, according to Clavijo 
et al. [53], the presence of E. tarda in four-way hybrids of tilapia 
was apparently in healthy individuals, and was determined using 
biochemical and bacteriological analyses. 

Primary pathogenic bacteria in cultured tilapia, Oreochromis 
spp.

Currently, the genera Aeromonas, Streptococcus, Edwardsiella and 
Francisella are the leading causes of mortality of cultured Oreochromis 
spp., and their presence in freshwater and marine culture is related 
to the progression of the disease through environmental factors, 
host health and pathogen virulence. Table 1 shows the presence of 
pathogenic bacteria in O. niloticus.

Detection Methods for Bacterial Pathogens
Bacterial pathogens are identified according to their biochemical 

characteristics. Tests for such characteristics provide an insight into 
the ability of bacteria to alter specific substrates and synthesize various 
products [56]. Bacterial cultures are similar in their morphological and 
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Author Pathogen Prevalence and 
pathogenicity

Species Average size Signs of illness

Clavijo et al. [54] E. tarda Presence-absence Tilapia three-way hybrid 
(O. niloticus X 
O. mossambicus X 
O. aureus)

Pre-fattening from 14-20 g Asymptomatic signs.

Al-Harbi & Uddin [46] A. hydrophila 77% Tilapia hybrid (O. 
niloticus X O. aureus)

Pre-fattening from 30-40 g Damage to the digestive tract.
Shewanella putrefaciens
Corynebacterium 
urealyticum
Escherichia coli
V. cholera

Al-Harbi & Uddin [19] V. parahaemolyticus >10%
 
 
 
 

O. niloticus Juveniles 134 ± 151 g Lethargy, loss of appetite, exophthalmos, 
erratic swimming.V. alginolyticus

Chryseomonas spp.
V. vulnificus
Streptococcus spp.
Shewanella putrefaciens 58%

Mauel et al. [33] Francisella spp. 5-80% O. niloticus Rearing (1-10 g) Lethargy, loss of appetite, exophthalmos, 
erratic swimming. Injuries: splenomegaly 
and renomegaly, nodules in liver, kidney, 
brain and heart.

A. sobria Juveniles (500-750 g)
A. hydrophila Fattening (>1000 g)

 
 
 
 

E. tarda
Serratia spp.
Pseudomonas spp.
Plesiomonas 
shigelloides

Mian et al. [15] S. agalactiae 33-40 and 100% O. niloticus Juveniles Erratic swimming and infection in the 
brain.41.86 ± 11.57 g; 

84.67 ± 21.1 g
Hernández et al. [17] S. agalactiae  Oreochromis spp. Juveniles of 150 g Erratic swimming and infection in the 

brain.
Rattamachaikunsopon 
and Phumkhachorn 
(2009) [36]

Flavobacterium 
columnare

50% O. niloticus  10 ± 1 g Anorexia, lethargy, injury in skin, gills, 
scales and operculum. 

3.72x103 CFU fish-1

Jeffery et al. [24] Francisella spp.  O. niloticus Rearing from 0.5-5 g Exophthalmia, bleeding in the pectoral 
fins, pale gills and damage to eyes, 
kidneys, liver and spleen.

Yardimci and Aydin [47] A. hydrophila Presence O. niloticus Juveniles of 50-80 g Ulcers, bleeding and infiltration of 
lymphocytes in liver, heart, kidney and 
eyes, and hyperemia, fin and tail rot.

Li & Cai [48] A. sobria 99.80% O. niloticus Juveniles of 20 ± 0.45 g 
and 50 ± 0.83 g

Abdominal bloating, lack of appetite, 
bleeding spots, skin pigmentation, caudal 
fin erosion and rotting tail.

Ye et al. [11] S. agalactiae; 
Concentration 1x105 
CFU mL-1 (60-80%)

100% O. niloticus Laboratory tests 
(10-575 g)

Exophthalmos, abnormal swimming, 
corneal opacity, abdominal fluid, 
hemorrhagic ulcers on the opercula and 
pectoral fins.

Infection tests (20-26 g)

Abdullah et al. [56] S. agalactiae 70% Oreochromis spp. 100-150 g Erratic swimming, abdominal inflammation 
and corneal opacity. Swelling of the brain, 
eyes and kidneys.

Soto-Rodríguez 
et al. [39]

Aeromonas dhakensis, 
Pseudomonas mosselii 
and Microbacterium 
paraoxydans

40-100% O. niloticus 5-10 g Lethargy, erratic swimming, skin 
discoloration, loss of scales, lateral 
blindness, red or opaque eyes and/or 
exophthalmos.

Table 1: Presence of pathogenic bacteria in cultured Oreochromis niloticus.

pepper (Piper longum L.), gale of the wind (Phyllanthus niruri L.), coat 
buttons (Tridax procumbens L.) and garden ginger (Zingiber officinale 
Roscoe). The plants improved non-specific defense mechanisms 
and intra- and extra-cellular respiration. Abasali and Sudagar [65] 
determined that incorporating extracts of sweet basil (Ocimum 
basilicum L.), cinnamon (Cinnamomum verum J. Presl) (formerly C. 
zeylanicum), English walnut (Junglans regia L.) and water mint (Mentha 
aquatica L.) (formerly M. piperita) at concentrations of 0.0, 250, 500, 
1000 and 1250 mg kg-1 against A. hydrophila (1 × 108 CFU fish-1) 

enhanced non-specific immunity and increases resistance to infection 
and survival of common carp Cyprinus carpio L. by 91.4%. Sankar 
et al. [66] mention that the application of Eastern purple coneflower 
(Echinacea purpurea) extracts increases growth and reproductive 
behavior during early larval stages of angelfish (Pterophyllum scalare). 
Park and Choi [67] show that the use of common selfheal (Prunella 
vulgaris L.) (Lamiaceae) extract induces specific and non-specific 
immune responses in fish, so it could be used as a dietary supplement. 
Also, probiotics can be used, which are commonly made up of lactic 
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immune system. Over the last two decades, the relationship among the 
immune, nervous and endocrine systems has been shown to act as a 
tridirectional system [23,80].

In aquaculture, stress in fish is determined by the period of 
adaptation to changes in their aquatic environment, where symptoms 
are associated with lack of oxygen, high densities, handling, and 
changes in temperature and pollutants in the water; where there is 
no balance among the host, pathogen and the aquatic environment. 
In fish, stress arises from bacterial and parasitic diseases as the first 
route of infection in aquaculture. Nutritional status is also a factor that 
affects the immune system. Nutrition is the process by which the body 
absorbs and assimilates the nutrients necessary for function and energy 
[81,82]. For example, nutrition maintains the homeostatic balance 
of the body at macrosystemic and molecular levels, ensuring that all 
physiological events are carried out properly to provide adequate 
health and reduce disease. The lack of some vitamins such as C and E 
alters macrophage functions such as leucocyte phagocytosis, reduces 
intestinal flora and resistance to bacteria, all of which are influenced 
by the hormone cortisol which affects protein, carbohydrate and lipid 
metabolism [83]. Aquaculture systems promote a better balance among 
hosts, the culture medium and pathogens, making it essential to better 
understand the role of each factor in production systems and those 
beginning to emerge that have negative influences. Host characteristics 
are a function of the genetic characteristics of a species, its age, size and 
development, its nutritional and reproductive needs, and its immune 
defense mechanisms (the potential for susceptibility and adaptation to 
pathogens) [74]. 

Pathogen perspectives

The pathogenicity and infection are associated with stress and 
environmental variables such as temperature, salinity, oxygen, 
ammonium, nitrates and nitrites. Pathogens are considered obligatory 
when they are directly related to host infection, and are contained 
within structures such as cell walls, plasma membranes, cytoplasm, 
ribosomes and nuclear regions. Facultative pathogens survive in the 
absence of a host and are associated with structures such as capsules, 
flagella, hair, endospores and cytoplasmic inclusions. Hedrick [74] 
indicates that to be a disease pathogen depends on the strain, biotype, 
serotype and genotype, as well as the dose and number of pathogens, 
duration and route of entry into the host. Their conditions for growth 
and development depend on the pH, temperature, osmotic pressure, 
presence of oxygen (aerobic and anaerobic), presence of CO2, humidity, 
dryness and light. The pathogen-host systems generally maintain a 
balanced relationship between host, pathogen and environment, with 
the immune system being the primary regulator of the interaction 
among these indicators [73,78]. That is, disrupting the balanced 
interaction among pathogens, environment and hosts, for natural (e.g. 
weather) or anthropogenic reasons (e.g. aquacultural intensification 
and management), can promote active infectious diseases, leading to 
physiological, nervous and digestive system abnormalities [81]. Thus, 
to avoid increasing the presence of infectious agents, aquaculture must 
use antibiotics, which can increase bacterial resistance with excessive 
use if dose guidelines recommended by the FDA (Food and Drug 
Administration) are not respected.

The development of drug-resistant strains provides a better 
understanding of the physiological and molecular mechanisms 
responsible for the genetic basis of resistance in bacteria and hosts. 
According to Burridge et al. [84] and Bravo et al. [85] antibiotic 
resistance is associated with the natural or acquired ability of a 
pathogen to survive in the presence of an antibiotic or chemical 

acid bacteria, Vibrio spp. strains, Bacillus spp., Lactobacillus and 
unicellular fungi, such as the yeast Saccharomyces cerevisiae [57,68,69]. 
In some studies, including those of Merrifield et al. [70], the application 
of probiotics increases health, disease resistance and growth, reduces 
defects, improves intestinal morphology and maintains microbial 
balance. Among the reports on the use of probiotics, Aly et al. [71] 
isolated 15 probiotic strains, including Bacillus pumilus, B. firmus and 
Citrobacter freundii (Braak), demonstrating that there was no presence 
of disease from A. hydrophila after fish were fed a diet of B. pumilus 
and a mixture of C. freundii and B. pumilus. Abdel-Tawwab et al. [68] 
evaluated the yeast Saccharomyces cerevisiae in O. niloticus against A. 
hydrophila and indicated that the addition of yeast increased available 
protein in organisms, aside from functioning as an alternative for 
disease prevention. Pirarat et al. [72] mention that the application of 
lactic acid bacteria, Lactobacillus rhamnosus GG, in juvenile O. niloticus 
with an average weight of 30-50 g, allowed villous growth in all parts 
of the intestine, mainly in the proximal part and midgut. Further, the 
population of intra-epithelial lymphocytes was significantly higher 
compared to the control group, indicating that this bacterium functions 
as a regulator of the intestinal immune system. 

Host perspectives

Aquatic host immune system: Infectious disease depends on 
the interaction and cyclical balance among pathogens, hosts and 
environment (biological and ecological variables acting as an integrated 
system in the aquatic habitat) [6,73,74]. According to Hedrick [74], host 
variables include the immune system, genetic influence and nutrition; 
variables determining the degree of resistance and susceptibility to 
disease. They are connected with immune system function, primarily 
to control diseases that impact optimal biological, chemical and 
physical functions which comprise host immune defense. Among the 
means of defense are functions against pathogenic microorganisms 
and immunosurveillance for autoimmune and allergen diseases [75]. 
In simpler terms, disease is a deviation from normal physiological 
functions, and can be benign or insidious depending on the cause. 
For example, the causes of mortality in aquaculture are the result 
of infections with biological agents, but they also act jointly with 
compounds or chemicals, metals, pesticides, and nutritional and 
environmental factors [76,77].

Hosts have two forms of immune response, humoral and cellular, 
which are triggered by exogenous and endogenous aggression [75]. 
The immune system is integrated, where the innate immune system 
activates the adaptive immune system in response to infection and uses 
mechanisms of the innate immune system to eliminate non-beneficial 
microorganisms [75,78]. The innate immune system is considered 
the first line of host defense which is present in all multicellular 
organisms. This first line responds the same way to different 
stimuli and distinguishes common infection, but not finer details of 
microorganism groups [75,79]. Its main components are comprised 
of physical and chemical barriers, phagocytic cells, natural killer cells, 
complement system, cytokines and Toll receptors [75]. The innate 
immune system remembers exposure to specific antigens, if the level of 
contamination is the same as the first time the innate immune system 
was exposed, there is no reaction. Among the physical barriers in fish 
are the skin mucus and the skin itself, which contain a large number 
of antigenic and internal substances, such as monocytes, macrophages 
and non-specific cytotoxic cells [23]. Host health depends on humoral 
and cellular immune responses which vary among individuals in 
a population. One of the causes most studied in fish is stress on the 
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where at first it was susceptible [3]. The use of antibiotics is promoted 
by aquaculture extension to increase fish densities, yet this action 
promotes more problems with disease, so there is a need to use 
chemicals to combat and control, prevent or correct, the presence 
of infectious diseases [3,84,85]. Thus, the indiscriminate use of 
antibiotics generates more severe disorders such as toxicity, adverse 
environmental effects, genetically based resistance in bacteria, parasites 
and viruses, and antibiotic residues in tissues of aquatic organisms, 
thus impacting fish and human health (established by the World 
Health Organization (WHO) and the Codex Alimentarius; [86]). There 
are several options for counteracting disease, or preventing, treating 
or controlling the incidence of infection, such as using antibiotics, 
probiotics, antimicrobials, vaccines, genetic improvement of aquatic 
organisms, immunostimulants and good management practices 
[87-89]. To control the excessive use of drugs and chemicals, viable 
alternatives for inhibiting pathogens must be explored, such as the 
use of vaccines [22], which are composed of inactive bacteria or whole 
cell suspensions inactivated with formalin. Vaccines are antigens that 
stimulate the immune system to produce antibodies that help prevent 
specific bacterial diseases [89]. The first vaccines that were marketed 
in the 1970s were from the genus Vibrio spp [21]. Vaccines are tools 
that minimize treatment costs when diseases occur. Vaseeharan and 
Thaya [89] indicated that vaccines can be made from inactive bacteria, 
DNA and viruses. Antibiotics are considered chemical and biological 
substances produced by living organisms that have the ability to inhibit 
growth and destroy bacteria using a minimal concentration. They act 
according to their biological potential, toxicity and mode of action 
to interfere with biochemical reactions in pathogens by blocking 
metabolic pathways or the synthesis of macromolecules essential for 
the bacterium. The metabolic pathways are used to obtain chemical 
energy from storage (biosynthesis), conversion of exogenous nutrient 
precursors by bacteria, and degradation of molecules used for mobility 
and nutrient uptake [90]. This happens because bacteria can modify 
certain aspects of themselves, such as R plasmids, which are related to 
drug resistance or heavy metal tolerance, providing increased capacity 
for colonization and virulence [91]. Plasmids are extra-chromosomal 
DNA molecules, double-stranded, circular, and capable of replication 
of the bacterial chromosome.

Meanwhile, antibiotics are natural or synthetic, where natural 
antibiotics are produced by living organisms such as bacteria and fungi, 
and synthetic antibiotics are produced by chemical synthesis, such as 
the nitrofurans. Their potential depends on the capacity to act on a 
type of bacteria, various inactivated bacteria, or on Gram-positive and 
negative bacteria, and can be considered as small, medium and large, 
regarding their spectrum of action. Antibiotics exhibit bacteriostatic 
and bactericidal activity, the first of which stops and prevents the 
growth of a bacterial population, and the second has a lethal and 
rapid action against bacteria, an effect that is irreversible [89]. The 
mechanisms of action are focused on key components such as cell walls, 
cell membranes, and the synthesis of proteins and nucleic acids. The 
effectiveness of antibiotics depends on the condition of the pathogen; 
some bacterial pathogens produce proteinaceous toxins which allow 
them to live apart from the defense systems of the host. Host cell cycles 
are involved in immune response processes, maintenance of epithelial 
barriers and cell differentiation, processes that directly affect growth 
and colonization by pathogenic bacteria in an aquatic host. However, 
such processes and components can be manipulated by bacterial 
pathogens to directly affect the functions of the cell components [89]. 
Currently, the demand for aquacultural products requires avoiding the 
use of antibiotics and chemotherapy, and embracing alternatives such 

as those derived from medicinal plants (e.g. immunostimulants) which 
have the advantage of strengthening the immune system to control 
diseases in aquacultural systems [92]. Immunostimulants are natural 
compounds that increase host resistance to pathogenic diseases, but 
their disadvantage is that they must be orally administered over the 
long term, leading to a decrease in efficiency and immunosuppression 
from overuse [93,94].

Bacterial communication in fish is similar to that in higher 
organisms; they have communication behaviors, cooperation and 
complex association, such as organizations, plasmid transfer, virulence, 
symbiosis and adaptation to a place. The latter is associated with 
favorable conditions such as when the bacterial assembly experiences 
a danger such as a defense mechanism. All of these processes are 
regulated by another process known as quorum balance [91,95]. 
Within the bacterial community there are social interactions that 
allow for synchronization to maintain a common behavior, to act as 
multicellular organisms, but only when the bacterial assemblage meets 
other commitments for individuality and group diversity [91]. The 
groups of pathogenic and non-pathogenic bacteria have the ability 
to communicate among their cells, a process called quorum sensing. 
In this process, the bacteria can sense how many cells there are based 
on the production and accumulation of signaling molecules and 
pheromones, which are exported throughout their environment to 
communicate with other bacteria through their molecular receptors 
[91,96]. The benefit provided by this type of bacterial communication 
is that bacteria can coordinate and respond to sudden changes in 
environmental factors, such as the availability of nutrients and the 
presence of microbes or toxins in their environment, acting as a group 
to obtain better results than they would have individually [91]. Thus, 
bacteria in an environment (natural or otherwise) can form species 
groups which act cooperatively toward a common goal, such as defense 
and attack by using high levels of auto-induced molecules/pheromones 
which promote adaptation and interaction of bacteria in environments 
where bacterial dispersión is difficult, such as within a host.

Environmental perspectives

The environmental effects on hosts and pathogens are paramount 
in the onset of disease [73]. The environmental factors include physical 
and chemical characteristics which are measured and analyzed over 
time and space. The variables directly related to imbalance among 
the environment, pathogens and hosts are temperature, pH, organic 
matter, dissolved oxygen, nitrites and nitrates. For example, low 
temperature effects on the immune system are reflected in the cellular 
components, primarily impairing the function of T-helper cells 
[73,97]. Anthropogenic activity can also directly affect the diversity and 
density of biota, increasing the presence of bacterial, parasitic and viral 
infectious diseases [79]. For example, the construction of hydroelectric 
dams, excessive logging of large areas of land, agriculture (including 
irrigation and grazing), and mining have resulted in excessive 
overland runoff leading to eutrophication, and the accumulation of 
pollutants, pesticides and heavy metals which cause biological changes 
in natural ecosystems that break the natural balance among hosts, 
pathogens and the environment [4,77,98,99]. This results in economic 
and environmental impacts due to the influence of stress from high 
densities and exposure to toxic chemicals and pollutants which promote 
outbreaks of fish diseases and noxious stimuli [73,82,100]. One of the 
most studied intrinsic factors is stress on fish immune systems, which 
need a period of adaptation to environmental changes. In fish, stress is 
affected by levels of cortisol in combination with behavioral responses 
[101]. Cortisol redistributes immune system cells, as well as elements 
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of the innate immune system, thus providing the first line of defense in 
a host [101,102].

Stress is an adaptation response to a perceived threat, an action to 
preserve the individual. According to Iwama [103], stress is defined 
as the response of a cell or organism to significant deviations from 
a normal resting state. This imbalance results in collateral damage 
regarding energy demands from the physiological system, reduces 
growth, and suppresses the reproductive and immune systems. Stress 
in fish can be primary, secondary or tertiary, and results from the 
release of catecholamines, activation of the hypothalamus-pituitary-
interenal axis (HPI), and cortisol levels in the blood [81,101,102]. 
According to Iwama [103], stress is the primary factor in fish health, 
but it does not relate directly to poor environmental conditions. Thus, 
aquacultural practices should be carried out correctly to avoid stress 
and physical injury during handling, which could lead to increased 
disease susceptibility from internal sources, as well as infectious 
pathogens entering the skin. Stress can be acute or lethal, chronic or 
sublethal, or chronic direct or indirect, the variations of which depend 
on exposure to chemicals, changes in environmental factors, exposure 
to short and long-term stressors, and eventually damage to metabolic 
functions and behaviors [104].

It is necessary to plan and follow management protocols for optimum 
system design in order to obtain a healthy and sustainable aquacultural 
operation that involves fish and consumer health [81]. Natural 
freshwater and marine systems are currently experiencing increased 
pollution and contamination from anthropogenic activity, indicating 
environmental stress [104]. In aquaculture, stress can be related to the 
dominance hierarchy in a population, transportation and vaccination 
practices [104,105]. It can also be related to high densities, sudden 
changes in temperature, trauma, chemical stress from endogenous 
and exogenous contaminants, and from nutritional deficiencies in the 
diet [82,104], all of which can affect cellular organization, population 
structure and organismal physiology. Diseases in aquaculture are due 

to low immune responses, suggesting that one solution is to manipulate 
the microbiota that exist in production systems, pathogens which can be 
controlled by using beneficial microbes, thus maintaining the host and 
pathogen in balance without adverse effects. Therefore, it is necessary 
to manipulate bacterial populations, but to do so requires knowing the 
type of bacteria present, their abundance, function and community 
composition, which together lead to complex cooperative behaviors 
[95]. Such aquatic biological and social systems are in balance through 
the interaction among pathogenic or beneficial bacterial communities, 
the environment and hosts, such that all members fulfill the basic 
requirements for functionality and benefits toward a common goal 
[6,73]. The whole system functions similar to a living system because 
each group has the ability to self-organize relative to the conditions at 
hand (Figure 1) [106,107].

Conclusion
Infectious diseases caused by pathogenic bacteria in cultured 

tilapia cause great economic and ecological losses, so it is necessary to 
implement optimal management and biosafety programs in production 
systems in order to achieve sustainable aquaculture in ecological, 
economic and social terms. Among the action strategies, it is necessary 
to provide interdisciplinary studies, which allow for the incorporation 
of veterinary, epidemiological and biological approaches, and to 
simultaneously incorporate trained staff for diagnoses, acquisition of 
knowledge, and training of producers. Among the strategies available 
for the prevention of bacterial diseases are the management of new 
biosecurity programs, effective vaccination, stimulation of non-specific 
host defense mechanisms, use of healthy microorganisms such as 
probiotics, and herbal medicine. Institutional collaboration also helps 
in the development of programs for disease prevention and control. At 
present, there is no information on losses in terms of production costs 
from disease outbreaks in O. niloticus. Known costs include expenses 
for antibiotics and parasiticides and their application, food quantity, 
water, energy, as well as private or public investment in aquaculture 
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research. Therefore, it is necessary to offer clean products to consumers, 
reducing the induction of bacterial resistance and mitigating effects 
on ecological systems by looking for alternatives such as the use of 
probiotics, immunostimulants, organic acids and essential oils, which 
can be used to reduce the use of antibiotics in fish farming. 
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