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Abstract: Lactococcosis, particularly that caused by Lactococcus garvieae, is a major re-emerging
bacterial disease seriously affecting the sustainability of aquaculture industry. Medicinal herbs
and plants do not have very much in vitro antagonism and in vivo disease resistance towards
lactococcosis agents in aquaculture. Most in vitro studies with herbal extractives were performed
against L. garvieae with no strong antibacterial activity, but essential oils, especially those that contain
thymol or carvacrol, are more effective. The differences exhibited by the bacteriostatic and bactericidal
functions for a specific extractive in different studies could be due to different bacterial strains or
parts of chemotypes of the same plant. Despite essential oils being shown to have the best anti-L.
garvieae activity in in vitro assays, the in vivo bioassays required further study. The extracts tested
under in vivo conditions presented moderate efficacy, causing a decrease in mortality in infected
animals, probably because they improved immune parameters before challenging tests. This review
addressed the efficacy of medicinal herbs to lactococcosis and discussed the presented gaps.
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1. Introduction

The aquaculture industry has seen a rapid acceleration in its development; as the most
rapidly growing global agricultural sector, the aquaculture sector is now responsible for
producing more than 50% of global seafood, with an average growth of 5.3% per year in
the period 20012018 [1]. It is important to note that despite such rapid development, it is
vitally important to pay attention to the processes used in order to maintain the quality
standards of aquaculture products. Frequent worldwide outbreaks of infectious diseases,
including bacterial diseases, are now one of major obstacles causing both huge financial
losses and significant reductions in the quality standards of aquaculture production [2—4].
The initial reports of Gram-positive bacterial agents involved in systemic bacterial diseases
in aquaculture species including rainbow trout (Oncorhynchus mykiss) came from Eastern
Asian regions, and, since then, diseases caused by several different Gram-positive bacteria
belonging to genera of Lactococcus [5,6], Streptococcus [7], Vagococcus [8], and Carnobac-
terium [9] have dramatically increased in global aquaculture [10-12].

The genus Lactococcus, which has the ability to produce lactic acid from glucose, con-
sists of eleven species that can be divided in two phylogenetic groups: the first group
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contains L. garvieae, Lactococcus lactis, Lactococcus taiwanensis, Lactococcus hircilactis, Lacto-
coccus fujiensis, and Lactococcus formosensis, and the second group comprises Lactococcus
laudensis, Lactococcus raffinolactis, Lactococcus chungangensis, Lactococcus plantarum, and
Lactococcus piscium [13]. Some strains, mainly L. lactis, are widely applied in industrial
processes as starter cultures, probiotics and protective cultures [14-16]. L. lactis is gen-
erally recognized as safe by the US FDA and is suitable for the qualified presumption
of safety approaches [17]. In recent years, attention has been paid to other species of L.
garvieae, L. raffinolactis, L. plantarum, and L. piscium as potential pathogens of aquaculture
species [18-21].

Among the species of Lactococcus genus, L. garvieae has been highlighted as one of
the most serious global bacterial pathogens in the aquaculture sector, both in freshwater
and marine fish, especially at water temperatures of >15 °C, but L. lactis and L. piscium
seem to be limited to some highly valuable aquaculture species, such as salmonids and
sturgeons, at various water temperatures [11,22,23]. Due to the widespread sources of
the bacterial agents and disease spreading, as well as the heterogenicity of the bacterial
stains implicated in the disease outbreaks, both vaccination and chemotherapy require
more attention in future. The application of co-friendly environmental substances, such
as medicinal herbs and probiotics, are nowadays a potential best alternative to antibiotic
therapy and an immune enhancer against such bacterial diseases. This review addresses
and discusses the efficacy of medicinal herbs and plants as means of prevention or for the
protection of susceptible aquaculture species against diseases caused by L. garvieae and
other Lacococcus species reported as the causative agents of lactococcosis in aquaculture.

2. Diseases Caused by Lactococcus Members in Aquaculture
2.1. Disease Caused by L. garvieae

Lactococcosis, caused by L. garvieae, is a systemic hyperacute bacterial disease causing
general hemorrhagic symptoms in susceptible aquatic organisms [24,25]. Based on their
ability to agglutinate serum raised against L. garvieae, there are two groups of bacterial
serotypes: non-agglutinating (KG—) and agglutinating (KG+) phenotypes [26]. The affected
fish first become relatively anorexic, with a visible darkening of skin color, showing sluggish
movement and abnormal behaviors, such as erratic and spiral swimming [11,24]. In the
later stages of the disease the affected fish display signs of swollen abdomen, anal prolapsus,
lateral or bilateral exophthalmia (Figure 1A,B), cataracts (Figure 1C), congestion of the
internal organs, spleen and liver enlargement, accumulation of turbid ascitic fluid in the
peritoneal cavity, and the presence of exudates in the brain [11,22,27,28]. Acute hyperemia
and or extensive hemorrhage and petechiae of the organs, including the mucosal layers of
the intestine, can also be seen in the diseased fish (Figure 1F), and in some cases the diseased
fish show signs of explosion in the eyes prior to the loss of their eyes (Figure 1D,E) [11,22,29].
In advanced forms of the disease, a Gram stain preparation of hematopoietic tissue imprints,
including spleen and kidney, can exhibit huge numbers of Gram-positive coccoid cells in
single or chain forms (Figure 1G).

Pericarditis, peritonitis and meningitis, diffuse hemorrhage in the sclera of the eye,
focal necrosis in the spleen and clumps of bacteria, hemorrhage in serosa of the swim
bladder and in the interstitium of the skeletal muscles, degeneration and necrosis in
epithelia of the stomach glands and their lumens full of necrotic material are among the
identified histopathological findings in lactococcosis infection caused by L. garvieae [30-32].
Vascular changes in spleen and kidneys [33] and degenerations in the tubular epithelium
with an increase in the melano-macrophage centers, hemorrhage in the form of a hematoma
covering the myocardium and the bulbus arteriosa, petechial hemorrhage, vascular change,
degeneration and necrosis are major histopathological findings. Lipid and ell infiltration
in the liver, hemorrhage and vascular change in muscles, and petechial hemorrhage and
edema in the gills are further microscopic changes reported in the infected fish by L.
garvieae [31]. The severity of such pathological changes is, however, varied and depended
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on various factors, including level of virulent of bacterial strain, fish species and size and
level of health management criteria, such as water temperature.

Figure 1. Rainbow trout growing in race ways and affected by L. garvieae showing: (A) typical bilateral exophthalmia and

no change in the color skin, (B) typical bilateral exophthalmia and beginning of skin color change, (C) typical cataract
and dark color, (D) bilateral exophthalmia and a complete loss of the eye, (E) darkening of body and an explosion of
the eye, (F) hemorrhage of intestine, (G) direct Gram stain preparation of spleen of diseased fish showing huge numbers
of Gram-positive coccoid cells confirmed as L. garvieae by phenotyping and molecular works. (photos by Professor
Mehdi Soltani).

Evidence of bacterial cells in fish macrophage in tissues of spleen, kidney, heart
(endothelial), and peritoneum are evidence of a septicemic condition, suggesting that
macrophages play a key role in the host immune response to L. garvieae infection. However,
intra-macrophage resistance of the bacteria can cause a spread of the pathogen to all
tissues of fish by macrophages. Further, as in the young fish phagocytosis by macrophage
activation may not be sufficient, thus, pathogenesis is a determinant factor, and the disease
can progress.

Several factors play roles in the virulence of L. garvieae. Polysaccharide capsule
is the major virulence factor in L. garvieae infection [29]. The capsulated strains resist
to phagocytosis, but some non-capsulated strains are pathogenic in fish causing high
mortality in rainbow trout [34], thus, the bacterial capsule may not the sole determinant
of the bacterial pathogenicity. Haemolytic toxin is known to cause mortality in fish via
intramuscular injection and an intracellular toxin with a low leukocidal activity reported by
the bacterial isolates recovered from the diseased fish [35]. Plasmids of the virulent isolates
contain a protein with an enzymatic domain corresponding to the family of actin-ADP-
ribosyltransferases [36] that can kill eukaryotic cells by transferring ADP-ribose to essential
proteins [37]. The toxicity of this protein in fish however, warranted future research
works. The presence of a putative set of virulence factor genes (hly1, hly2, hly3, nox, sod,
pavA, psaA), and proteins of enolase, lactate dehydrogenase phosphoenolpyruvate-protein
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phosphotransferase with roles in adhesion, cytolytic activity, oxidative stress tolerance,
and metal homeostasis have been detected in strains of L. garvieae, including the avirulent
reference strains ATCC® 49156 and ATCC® 4392, isolates from diseased rainbow trout in
Turkey, France, Iran, Spain, and Italy [38], and fish pathogenic non-capsulated strains in
South Africa [6]. These virulence lifestyle factors can indirectly contribute to host tissue
damage through aiding in the infection process by evasion of the host’s innate immunity,
systemic invasion, cofactor homeostasis, and spreading in the host and adhesion to host
tissues. Further research works need to be directed studying the differential expression
of virulence lifestyle and true virulence genes during growth in the host environment.
Additionally, more studies need to assess the specific virulence factors responsible for the
pathogenicity of L. garvieae, as putative virulence factor genes are present in both the fish
pathogenic isolates and the avirulent isolates.

L. garvieae can invade a wide range of fish species both in warmwater, cold-water,
freshwater and marine aquaculture species including Japanese eel (Anguilla japonica), Nile
tilapia (Oreochromis niloticus), Red sea wrasse (Coris aygula), Pintado (Pseudoplathystoma
corruscans), olive flounder (Paralichthys olivaceous), amberjack (Seriola dumerili) kingfish
(Seriola quinqueradiata), rainbow trout (Oncorhynchus mykiss), grey mullet (Mugil cephalus),
catfish (Silurus glanis), freshwater prawn (Macrobrachium rosenbergii), bottlenose dolphin
(Tursiops truncates), and common octopus (Octopus vulgaris) worldwide [11,35,36,39-44].
The ability of the pathogen to adapt and survive in many environmental conditions is
associated with its wide geographical distribution, it has been isolated from different
aquatic and terrestrial animals [32,40,41,45,46], from rivers and sewage waters [47], and
from different food and feedstuffs.

2.1.1. Current Problems Associated with L. garvieae Infection
Frequent Re-Infection and Temporary Treatment

Several antibiotics, such as erythromycin, spiramycin, kitasamycin, josamycin (macrolide
antibiotics), oxytetracycline, doxycycline, enrofloxacin, florfenicol, lincomycin, and amoxi-
cillin, have been used to treat the disease caused by L. garvieae in fish farms [11,29,48,49].
One of problems with antibacterial agents is that they exhibit a well in vitro function to-
wards L. garvieae, but their use in fish farms is not satisfied because of the loss of appetite of
affected fish [50] or may be due to an ineffective metabolism of antibiotics in the diseased
fish [3].

A following problem with chemotherapeutic treatment of lactococcosis in aquacul-
ture is the increase in bacterial resistant [24,48], and multiple resistance to erythromycin,
lincomycin, and oxytetracycline has been frequently reported in L. garvieae aquatic iso-
lates [48,49,51,52] or to clindamycin, ampicillin and gentamicin in human isolates [53].
Development of R plasmids isolated from erythromycin-, lincomycin- and oxytetracycline-
resistant L. garvieae isolates, macrolides, lincomycin, and tetracycline, or chloramphenicol
have been reported [51,52]. The frequent re-infections of lactococcosis is also another
limitation and constrain encountered with the disease in aquaculture, due to the formation
of tissue granulation in different organs making the treatment become temporary [29,54].
In addition, a frequent treatment of diseased fish can cause an accumulation of antibiotics
in the fish carcass raising a public health problem [55]. Further, the release of the drugs in
the aquatic ecosystems can raise a development of bacterial resistance [56-59]. It is also
very important to administrate the antibiotics of choice that is time-effective due to the
fact that the time required for the bacterial isolation and antibiogram susceptibility tests
as administration of unselective chemical compounds can increase the risk drug spread-
ing in the aquatic environments. Thus, areas of the poor efficiency of chemotherapeutic
agents under field conditions, the risks associated with the spread of antibiotic resistance
determinants, and other methods of treatment or prevention are required further research
studies. Prevention by vaccination is considered the best option to control lactococcosis,
but there are still several limitations with the available vaccines, e.g., limitation of duration
of immunization, required local or regional vaccines using different strains of the bacterium
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(autogenous vaccines), and no strong efficacy by bath vaccination compared to injection
route [29,50,54,60,61].

L. garvieae as Zoonotic Disease

Disease caused by L. garvieae was first as the causative agent of subclinical mastitis in
cattle, and is known as the infection agent in other ruminants and pneumonia in pigs [62,63].
Implication of L. garvieae in human clinical infections has been well demonstrated [63,64],
and during recent years, several human infections by L. garvieae via handling and inges-
tion of raw fish have been reported [63], rising the status of the disease as an emerging
zoonotic agent. The affected humans show endocarditis, bacteremia, hip prosthetic in-
fection, cholecystitis, meningitis, urinary infection, espondilodiscitis, osteomyelitis, liver
abscess, peritonitis, or bacterioascites [63,65-67]. In the case of human infective endo-
carditis, up to 2019, more than twenty-five cases of L. garvieae as the cause of infective
endocarditis have been reported in the literature and compared to other Gram-positive
cocci, L. garvieae affects more frequently patients (16%) with prosthetic valves compared
to infective endocarditis (15.7%) caused by streptococcal members [67-71]. In a recent
study by Malek et al. [71], infection by L. garvieae has been reported as an unusual cause of
infective endocarditis in a 50-year-old male with mitral prosthetic valve and intracranial
haemorrhage that was successfully treated using a combination of lindamycin, ancomycin,
gentamicin, and ceftriaxone. The disease agent can be transmitted from aquatic products
to human; thus, the role of foodborne transmission is still an important route of disease
transmission to human [46,72] as some strains of L. garvieae with fish or shellfish source
are responsible for human infections [73]. Studies demonstrating the host-specificity are
essential to clarify the link between occurrence of the disease in aquaculture species and
human infections especially in the regions where farmers are growing highly susceptible
fish species, such as rainbow trout. For instance, from 64 fresh rainbow trout samples
collected from fish market in Iran, 23.43% (15 samples) were positive for L. garvieae in
their internal or muscles organs indicating the role of market contaminated fish in the
transmission of disease to consumers [74]. Overall, despite its primary role as a bacterial
fish pathogen [29], evidences of septicemia, endocarditis, and osteomyelitis caused by L.
garviege in humans raises the consumption of the infected fish as a major risk factor in
humans, thus, in fish populations in which disease occurs, necessary attentions must be
made prior to offering the fish for human consumption.

Economic Significant

Among the huge losses of production in aquaculture industry, the outbreaks by
infectious diseases are the most serious problem that causes significant loss to aquaculture
farmers, decrease food insecurity and incomes, and loss of job. It is reported that about
50% loss of aquaculture production is due to outbreaks by infectious diseases which are
more severe in developing countries. The annual loss by infectious disease is up to USD
6 billion [75]. For example, about 15% of the total fish aquaculture production in China is
lost due to disease outbreaks [76]. Such calculations are, however, rough estimation and, it
is, therefore, crucial important to emphasize that there is not an actual annual estimation of
economic losses caused by infectious diseases in global aquaculture. Even in the case of
individual infectious disease, such as L. garvieae, there are no calculated data presenting
an estimated loss in aquaculture sector. The economic impact by lactococcosis in farmed
fish is, however, very high, especially in the regions where the susceptible species are
cultured. For instance, based on our 20-year experience on farmed trout, the annual loss by
the disease outbreaks in Iranian farmed trout is about USD 23 million that is associated
with certain predisposing factors, such as poor health management and poor water quality,
as well as growing of the susceptible species, rainbow trout, in this country. Even in
developed countries, such as Japan, the economic losses caused by infectious diseases
including lactococcosis was exceeded JPY 20 billion (USD 0.18 billion) prior to 1996 [77].
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The annual estimation loss by L. garvieae in farmed fish is, therefore, a gap and required a
necessary evaluation worldwide.

With new approaches in the biotechnology of vaccine production, there is a hope to
control the diseases that impact the economics of the aquaculture sector. Thus, vaccination
can be considered as the best choice to protect the fish farms from lactococcosis outbreaks,
due to the poor efficiency of antimicrobial drugs in fish farms. Vaccination is a good
tool to prevent the risks of spreading of antibiotic resistance factors [29]. However, use
of autogenous vaccines against L. garvieae are more recommended due to their higher
protection compared to non-autogenous vaccines [50]. Additionally, it is recommended
to use such vaccines in combinations with the adjuvants/ or immuno-stimulators, e.g.,
probiotics, prebiotics, and medicinal herbs for ensuring a longer period of protection [29,78].
More details of different adjuvant formulations and immuno-stimulators are given by
Vendrell et al. [29] and Soltani et al. [78]. It is, however, important to use a booster
vaccination once an autogenous vaccine is in use because the efficacy of the available
anti-L. garvieae vaccines is 5-6 months [78]. In addition to immunization, the frequency of
lactococcosis outbreaks and level of morbidity and mortality can be reduced by improving
the health management criteria and farm biosecurity, including enhancement of water
quality parameters, especially water treatment; and avoiding overcrowding, overfeeding,
and overhandling. As L. garvieae has a wide natural source including both warm-blooded
and cold-blooded animals, disinfection of the water source used for aquaculture activity
can significantly reduce the load of the bacterial agents in the water column.

2.2. Diseases Caused by Other Species of Lactococcus Genus

L. lactis strains are genetically classified into four subspecies of lactis, cremoris, tractae,
and hordniae [13]. It is not a common veterinary pathogen, although it can cause cattle mas-
titis and be involved in septic arthritis of the neonatal calf. For example, several variants of
L. lactis have been associated with bovine mastitis [79]. In humans, it has been reported as
a cause of endocarditis, arthritis, and septicemia in patients, although this requires more
clarification [80-84]. Up to date, there are only four reports of lactococcosis by L. lactis in an
aquatic organisms. The first report was an outbreak of white tail disease in cultured giant
freshwater prawn (Macrobrachium rosenbergii) in Taiwan [85]. The affected prawns were
cloudy and whitish in the muscles, showing remarkable edema and necrosis and inflam-
mation in the muscles and hepatopancreas. In subsequent report by Chen et al. [23] L. lactis
subsp. Lactis was isolated from affected hybrid sturgeon, Bester (Huso huso x Acipenser
ruthenus) with signs of anorexia, pale body color, reddish spots on the abdomen, enteritis,
enlarged abdomen, rapid respiration rate ascites, and 70%-100% mortality. Microscopically,
the affected sturgeons demonstrated extensive haemorrhagic multifocal necrotic foci of
spleen and liver with degeneration of hepatic cells, lipid droplets and glycogen granules,
necrosis and renal tubule epithelial swelling and hydropic degeneration in kidney, skin
ulcers deep in underling muscles, appearance of present of immunocompetent cells in the
stomach, and small focus on tips of gills and on the myocardium [23]. No histopathological
changes were, however seen in the eyeball, cerebrum and meninges of affected fish. The
third report was from silver carp (Hypophthalmichthys molitrix) with extensive skin lesions
near the caudal peduncle and musculoskeletal lesion in the USA [86]. The fourth outbreak
of infection by L. lactis has been reported as the cause of endocarditis valvularis, parientalis
thromboticans in mature allis shad (Alosa alosa) in Europe in 2018 that could be associ-
ated with the stressors, such as capturing, transport, breeding, and low oxygen level [87].
Although, in some cases the disease was reproduced experimentally, the mechanisms of
pathogenesis by L. lactis in aquatic animals warranted future research works.

The first and only report of L. piscium as the cause of disease in fish was by Williams et al. [88]
who isolated the bacterium from affected rainbow trout named pseudo-kidney disease [24].
In our best knowledge, the direct involvement of the bacterium as a fish disease agent has
never been evidenced due to no pathogenicity evidence for the isolated strains. The bac-
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terium has also never again been isolated or identified by culture-independent techniques
in the fish intestine microbiota.

The only report of L. raffinolactis infection in fish has been reported as a fish commensal
or an opportunistic pathogen [89], but there are no further data regarding its pathogenic
function in fish.

3. Phytotherapy of Lactococcosis in Aquaculture
3.1. In Vitro Studies

Almost all in vitro studies with vegetable and lichens extractives were performed
against L. garvieae. For convenience, details of in vitro and in vivo studies have been in-
cluded in Tables 1 and 2. Overall, extracts do not show strong antibacterial activity against
L. garvieae, but essential oils are more effective, mainly those that contain thymol or car-
vacrol. There are some differences on minimum inhibitory and bactericidal concentrations
for the same extractive in different studies (Table 1). This may be due to the use of different
bacterial strains or parts or chemotypes of the same plant. According to Rios and Recio [90],
for vegetable extractives in vitro experiments with concentrations higher than 1000 ug
mL~! for extracts or 100 pg mL~! for isolated bioactive compounds should be avoided,
and concentrations below 100 g mL~! for extracts and 10 pug mL~! for isolated bioactive
compounds can be considered very promising.

The aqueous, methanolic and ethanolic extracts of the aerial parts, fresh fruits, or
leaves of 65 plants from Turkey showed weak or non-significant activity against L. garvieae
obtained from Dr. Altinok, Stirmene Faculty of Marine Science, Karadeniz Technical Uni-
versity, Trabzon, Turkey by the disc diffusion method [91-93], and only the ethanolic extract
of dwarf periwinkle (Vinca minor) presented moderate activity against this bacterium [92].
Experiments using the disc diffusion assay with the methanolic, acetone, and aqueous
extracts of 13 lichen species demonstrated that only the methanolic and acetone extracts
of oak moss (Evernia prunastri), cartilage lichens (Ramalina farinacea and Ramalina fraxinea)
and beard lichen (Usnea florida), and acetone extract of lung lichen (Lobaria pulmonaria)
demonstrated moderate activity against L. garvieae [94]. The dichloromethane, methanolic
and ethyl acetate extracts of the aerial parts of Aster (Jurinea humilis) showed weak activity
in vitro against L. garvieae A4 strain [95]. The ethanolic extracts of Persian violet (Cyclamen
pseudibericum), hardy cyclamen (C. hederifoliumy), and Cilician cyclamen (C. cilicium) also
show no significant activity by disk diffusion assay against L. garvieae recovered from
diseased rainbow trout [96].

Using the same assay demonstrated that the essential oils of the flowers of lavender (La-
vandula angustifolia), everlasting (Helichrysum plicatum), wormwood (Artemisia absinthium),
leaves of pepper mint (Mentha piperita), sweet basil (Ocimum basilicum), wild marjoram
(Origanum majorana), thyme (Thymus vulgaris), spiked thyme (Thymbra spicata), sage (Salvia
officinalis), bay laurel (Laurus nobilis), lemon verbena (Aloysia citriodora), and seeds of black
pepper (Piper nigrum) showed strong activity against L. garvieae strain provided by Dr.
[lhan Altinok (Trabzon, Turkey), while the essential oils of flowers of French lavender (La-
vandula stoechas), yarrow (Achillea millefolium), flower buds of clove (Syzygium aromaticum),
leaves of rosemary (Rosmarinus officinalis), rose geranium (Pelargonium graveolens), parsley
(Petroselinum sativum), river red gum (Eucalyptus camaldulensis), bark of cinnamon (Cinnamo-
mum verumy), roots of ginger (Zingiber officinale), and seeds of Chinese parsley (Coriandrum
sativum) showed moderate activity, and the essential oils of leaves of common fennel
(Foeniculum vulgare) and anise (Pimpinella anisum) presented weak activity [97]. Another
experiment with this methodology confirmed the strong activity of the essential oil of
thyme and the moderate activity of the essential oil of rosemary but stated that the essential
oil of bay laurel exhibited a moderate activity against this bacterium [98]. The essential oil
of oregano (Origanum acutidens) (main compound carvacrol) also showed strong activity
against L. garvieae (ATCC 43921) [99]. However, the essential oils of ginger, black cumin
(Nigella sativa), thyme and clove showed weak activity and that of watercress (Eruca sativa)
did not present any activity against L. lactis [100]. The skin mucus of rainbow trout fed
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the ethanolic extract of stinging nettle (Urtica dioica) at 20 and 30 g kg diet~! for 56 days
inhibited the bacterial growth of L. garvieae in in vitro condition [101].

Under in vitro study we found that essential oil of Shirazi thyme (Zataria multiflora)
(main compound: carvacrol) inhibits the capsule formation of L. garvieae isolates obtained
from diseased rainbow trout because it suppresses the expression of the epsD capsule
gene [102] and the expression of two other virulent factors, the Hly and PavA genes of
the bacterium [10]. In the next study by a microdilution assay on 12 strains of L. garvieae
isolated from diseased rainbow trout exhibited minimum inhibitory concentrations (MICs)
ranging from 160 to 320 uL/mL by essential oils of either Eucalyptus camaldulensis or Mentha
pulegium 60 min post incubation at 25°C, while no effect was found for Aloe vera essence,
suggesting a potential use of E. camaldulensis and M. pulegium essences against lactococcosis
caused by L. garvieae in farmed fish [103]. In addition, horse mint (Mentha longifolia) essential
oil at 80 uL./mL was more inhibitory towards L. garvieae isolates recovered from diseased
rainbow trout than lower concentrations [104]. Further, by a broth microdilution method,
essential oils of Rosmarinus officinalis and Cuminum cyminum were inhibitory to 11 strains
of L. garvieae recovered from diseased trout with identical MICs ranging from 0.12 to
1.0 pL/mL at 20°C, 30°C, and 37 °C [105]. More recently we demonstrated that R. officinalis
essential oil (1,8-cineol and a-pinene were the predominant components) was significantly
inhibitory to L. garvieae inoculated on the filet of trout at 0.135% for up to 15 days storage
at 4°C and best inhibitory effect was seen when the essential oil was used in combination
with nisin at 0.5 uL./mL [106].

It is difficult to compare the level of inhibitory activity of the extractives of medic-
inal herbs and plants with the antibiotics due to several factors involved including the
mode of actions, type of assay and strains of bacterial tested. In their study by Maki et al.
(2008) [107], 146 strains of L. garvieae isolated from diseased yellow tail (Seriola quinqueradi-
ata) in Japan showed varying susceptibility to the 15 chemotherapeutic agents (Table 1), but
no comparative data are available between the antibiotics and the extractives of medicinal
herbs. All strains exhibited identical level of sensitivity to chloramphenicol, florfenicol
and benzylpenicillin, and erythromycin and kanamycin, i.e., sensitive and moderately
resistant, respectively, while in case of erythromycin, 98 strains were sensitive, two strains
were moderately resistant and 46 strains were highly resistant. Against both lincomycin
and tetracycline, 100 strains were sensitive and 46 strains were resistant, while all strains
exhibited susceptibility to new generation of quinolones including ciprofloxacin enoxacin,
floroxacin, norfloxacin, orbifloxacin, and ofloxacin but a low susceptibility to old genera-
tion, i.e., oxolinic acid. The possible reason for highly resistance of about 30% of the strains
to erythromycin could be a frequent treatment of the disease by this antibiotic that has been
used as one of the antibiotic of choice to lactococcosis in fish farmed.

Table 1. Minimum inhibitory concentration (MIC) (ug mL~! or uL mL~1) and minimum bactericidal concentration (MBC)

(ug mL~! or uL mL~1) of plant and lichen extractives against Lactococcus garvieae. The portion of the plant used to prepare

the extractives were cited only if stated in the studies. Note: The MICsy and MICg of 15 antibiotics against 146 strains of L.

garvieae isolated from diseased fish are also given at the end of the table.

Origin/
Source of L. Extractive Major Compounds MIC MBC Reference
garvieae
Rainbow Camellia sinensis Methanolic Unknown 800 1100 Akbary, 2014
trout (green tea-leaves) extract
Thymus vulgaris Mix-oil®
Rainbow (thyme), Origanum . . Citraconic anhydride, 1, Amiri et al.,
(essential oils . 6.25 12.5
trout vulgare (oregano) and 8-cineole, thymol 2020
s from leaves)
ucalyptus sp.
. Asan-
Unknown Glycyrrhiza glabra L. n-hexane Unknown Unknown 5630 Ozusaglam
(black sugar-root) extract

etal., 2014
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Table 1. Cont.

Origin/
Source of L. Plant Extractive Major Compounds MIC MBC Reference
garvieae
. . Asan-
Unknown Glycyrrhiza glabra L. Dichloromethane Unknown Unknown 1410 Ozusaglam
(root) extract
etal., 2014
Type Lavandula angustifolia
culture Essential oil Unknown 500 Unknown Baba, 2020
. (lavender)
collection
Type
culture Eugenia caryophyllus Essential oil Unknown 250 Unknown Baba, 2020
collection
Rainbow Mentha p zpe.r itae Essential oil Unknown 500 Unknown Baba, 2020
trout (pepper mint)
Rainbow Rosmarinus officinalis Essential oil Unknown 500 Unknown Baba, 2020
trout (rosemary)
Rainbow Cinnamomum
trout zeylanicum Essential oil Unknown 250 Unknown Baba, 2020
(cinnamon)
Rainbow Nigella sativa (black Essential oil Unknown 250 Unknown Baba, 2020

trout cumin)

Essential oil (linalyl
Ethanolic acetate), tannins, Bulfon et al.,
extract coumarins, flavonoids, 4200 8400 2014
and phytosterols

Lavandula officinalis
Strain O41 (true
lavender-flowers)

Rosmarinic acid,
essential oil (citral,
Melissa officinalis Ethanolic citronellal,
(lemon balm-leaves) extract [-caryophyllen), caffeic
acid, and chlorogenic
acidderivatives

Bulfon et al.,

Strain O41 2014

8400 33,600

Essential oil (linalool,
estragol, camphor,
Ethanolic eugenol, ocimene, cineol,
extract sesquiterpenes), tannins,
favonoids, caffeic acid,
and esculoside

Ocimum basilicum
Strain O41 (sweet
basil-flowering plant)

Bulfon et al.,

16,800 Unknown 2014

Origanum vulgare Carvacrol, thymol,

Strain O41 (oreganc- Ethanolic Y—terplneng, p-cymene, 4200 33,600 Bulfon et al.,
inflorescence) extract limonene, linolool, and 2014
borneol
Essential oil
. . . (sesquiterpenes),
Strain O41 Orthosiphon stamineus Ethanolic flavones, triterpenoid, 33,600 Unknown Bulfon et al.,
(Java tea-leaves) extract . . . 2014
saponins, vitamins, and
organic salts
Essential oil (eucalyptol,
. o . a-pinene, camphor,
Strain O41 Rosmarinus officinalis Ethanolic borneol), flavonoids, 8400 Unknown Bulfon et al.,
(leaves) extract MO 2014
rosmarinic acid, and
terpenes
Essential oil (thujone,
. o . monoterpenes, and
. Salvia officinalis Ethanolic . . Bulfon et al.,
Strain O41 (sage-leaves) extract sesquiterpenes), tannins, 4200 33,600 2014

bitter substances, and
flavonoids
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Table 1. Cont.

Origin/
Source of L. Plant Extractive Major Compounds MIC MBC Reference
garvieae
Essential oil (thymol,
. . carvacrol, p-cimol, and
Strain O41 Thynus vulgaris Ethanolic terpinene), tannins, Unknown  Unknown Bulfon etal,
(leaves) extract . 2014
flavonoids and
triterpenes
Phenolic glycosides
(arbutin and
hydroquinone), tannins,
. Vaccinium vitis-idaea Ethanolic ﬂavon91d§ (1perOS}d?, Bulfon et al.,
Strain O41 . avicularin, isoquercitrin), 4200 Unknown
(lingonberry-leaves) extract L . 2014
terpenic acids (ursolic
and oleanolic acids),
organic acids, and
mineral salts
Rainbow Glycyrrhiza glabra L. Ethanolic Fereidouni
trout (root) extract Unknown 920 Unknown etal., 2013
Rainbow Peganum harmala Methanolic Fereidouni
trout (wild rue-seed) extrac Unknown 105 Unknown etal., 2013
Rainbow Tmc‘hy spermmim Ethanolic Fereidouni
copticum (carum Unknown 453 Unknown
trout . extract etal., 2013
ajowan-seed)
Rainbow Myrtus communis L Fereidouni
trout (myrtle-leaves) Essential oil Unknown 672 Unknown etal, 2013
Rainbow Juglans regia (English Ethanolic Fereidouni
trout walnut-leaves) extract Unknown 510 Unknown etal., 2013
. Quercus branti . . .
Rainbow Lindley (Brant’s Ethanolic Unknown 978 Unknown Fereidount
trout extract etal., 2013
oak-seed)
Rainbow Tanacetum parthenium S Fereidouni
trout (feverfew-leaves) Essential oil Unknown 824 Unknown etal, 2013
. Satureja bachtiarica . .
Rainbow Bung. Essential oil Unknown 126 Unknown Fereidouni
trout etal., 2013
(savory-leaves)
Rainbow Glycyrrhiza glabra Ethanolic . Goudarzi et al.,
trout L.(root) extract Glycyrrhizinic acid >1000 >1000 2011
Rainbow Satureja bachtiarica Essential oil Phenols: Carvacrol, 8 16 Goudarzi et al.,
trout Bung. (aerial parts) thymol 2011
Rainbow Satureja bachtiarica Ethanolic Phenols: Carvacrol, 1000 51000 Goudarzi et al.,
trout Bung. (aerial parts) extract thymol 2011
. Punica granatum . . .
Rainbow (pomegranate- Ethanolic Polyphenols: 51000 +1000 Goudarzi et al.,
trout extract pomegranatate 2011
flowers)
Rainbow Quercus branti Ethanolic . Goudarzi et al.,
trout Lindley (seed/flour) extract Tannins >1000 >1000 2011
. Echinophora platyloba . .
Rainbow DC. (prickly Essential oil Monoterpenes. 1000 1000 Goudarzi et al.,
trout . . trans-f3-ocimene 2011
parsnip-aerial parts)
Rainbow Echinophora platyloba Ethanolic Monoterpenes: 51000 1000 Goudarzi et al.,
trout DC. (aerial parts) extract trans-f3-ocimene 2011
. Heracleum . Sesquiterpene .
Rainbow lasiopetalum Boiss. Ethanolic hydrocarbons: >1000 >1000 Goudarzi et al,
trout extract 2011

(fruits)

Germacrene-D
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Table 1. Cont.

Origin/
Source of L. Plant Extractive Major Compounds MIC MBC Reference
garvieae
. Kelussia odoratissima . .
Rainbow Mozaff. (wild Ethanolic Z-ligustilide >1000 1000~ Couwdarzetal,
trout celery-leaves) extract 2011
Rainbow Stacig:hlla z(;:zvnodgtcllzfolza Ethanolic Sabinene, x-pinene, ~1000 ~1000 Goudarzi et al.,
trout betony-flowers) extract [-myrcene 2011
Thymus daenensis
Rainbow Celak. (common Ethanolic Phenols: thymol, ~1000 +1000 Goudarzi et al.,
trout thyme-aerial extract carvacrol 2011
part/inflorescence)
Rainbow Thymus dacnensis Phenols: thymol Goudarzi et al
trout Celak. (Aerial Essential oil carv'acrc})ll ’ 8 16 2011 M
part/inflorescence)
Rainbow Myrtus communis Ethanolic a-pinene, 1,8-cineole, 5250 ~500 Goudarzi et al.,
trout (leaves) extract myrtenyl acetate 2011
Rainbow Myrtus communis Essential oil a-pinene, 1,8-cineole, 51000 1000 Goudarzi et al.,
trout (leaves) myrtenyl acetate 2011
. Thymbra spicata . .
Riiréz(sw (spiked thyme-aerial Essential oil Phe?:j;g:gfn ol, 8 16 GOUdzagf i etal,
part/inflorescence)
Bunium persicum _terpinen-7-al
Rainbow (Boiss.) K.- Essential oil Ymingl dehvd ! 8 16 Goudarzi et al.,
trout Pol. (black sse N cu ter irfer}:e &y 2011
caraway-fruits) p
. Teucrium polium (felty .
Ri?;zct)w germander-aerial Essential oil a-pinene, linalool >1000 >1000 Goudza 5;1 etal,
parts)
Rainbow Alhagi maurorunm Alhagidin, alhagitin Goudarzi et al
(camelthorn-aerial Essential oil giain, g, >1000 >1000 M
trout parts) quercetin, catechin 2011
Rainbow Zata.rza mul.tzfmja S Phenols: thymol, Goudarzi et al.,
Boiss. (Shirazi Essential oil 4 8
trout thyme) carvacrol 2011
Olive o . .
flounder (p.  Zgiber officinale Essential oil 2000 2000 Hossain etal,
olivaceus) (ginger) 2019
. Eucalyptus globulus . .
L. garvieae S 1,8-eucalypol, pinene, Mahmoodi
GQ850376 gl(fril—l;}elreir;{ l}iﬁi‘:s) Essential oil terpineol acetae, globulol 250 250 etal., 2012
L. garvieae Eucalyptus globulus Methanolic 1,8-eucalypol, pinene, 500 500 Mahmoodi
GQ850376 (aerial parts) extract terpineol acetae, globulol etal., 2012
L. garvieae Zataria multiflora o phenolic monoterpene, Mahmoodi
GQ850376 (aerial parts) Essential oil Carvacrol, alpha-pinene 78 15.6 etal., 2012
L. garvieae Zataria multiflora Methanolic phenolic monoterpene 15.6 156 Mahmoodi
GQ850376 (aerial parts) extract Carvacrol, alpha-pinene ’ ’ etal., 2012
D-carvacrol, limonene,
L. garvieae Anethum graveolens S dill apiole, Mahmoodi
GQ850376 (dill-seed) Essential ol E-dihydrocarvone, 624 125 etal., 2012

Z-dihydrocarvone
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Table 1. Cont.

Origin/
Source of L. Plant Extractive Major Compounds MIC MBC Reference
garvieae
D-carvacrol, limonene,
L. garvieae Anethum graveolens Methanolic dill apiole, 125 125 Mahmoodi
GQ850376 (seed) extract E-dihydrocarvone, etal., 2012
Z-dihydrocarvone
L. garvieae . L L 1,8-cineole, alpha-pinene, Mahmoodi
GOS50376 Rosmarinus officinalis Essential oil toluene 15.6 31.2 etal, 2012
L. garvieae . . Methanolic 1,8-cineole, alpha-pinene, Mahmoodi
GQ850376 Rosmarinus officinalis extract toluene 312 312 etal., 2012
Citrus paradisi
(grapefruit), Citrus Ascorbic acid, citrus
. reticulata (tangerine), Biocitro ® bioflavonoids .
Rainbow . ) . . 1 . Mora-Sanchez
Citrus aurantium ssp.  (blend of citrus (hesperidin, naringin, 2.0 Unknown
trout . . . etal., 2020
bergamia (bergamot), extracts) quercetin, rutin) and
Citrus sinensis (sweet organic acids
orange)
I . Methanolic
Tilapia (O Capsz.c.um i extract Unknown Unknown 196.7 Ndashe etal,
andersonii) (Chili pepper) . 2020
(capsaicin)
Olive Citrus aurantifolia L Limonene, y-terpinene, 0.125% o Pathirana et al.,
flounder (key lime-peel) Essential oil f-pinene (v/v) 1% (v/2) 2018
Olive . Commercial . 0.031% 0.025%  Pathirana etal,,
Limonene trans-limonene Limonene
flounder o (v/v) (v/v) 2018
(>99%)
Eugenol,
Olive Syzygium aromaticum Lo -caryophyllene, o o Pathirana et al.,
flounder (clove-buds) Essential oil o-humulen, 0.5% (0/v) 1% (v/0) 2019a
eugenyl-acetate
Olive Commercial eugenol Isolated Pathirana et al
fAounder (>99%) compound Eugenol 1% (v/v) 1% (v/v) 2019
eugenol
Olive Cinnamomum . . Cinnamaldehyde, 0.015% 0.031% Pathirana et al.,
flounder zeylanicum Essential oil eugenol, (v/v) (v/v) 2019b
[-Caryophyllene
Commercial trans-
Olive cinnamaldehyde . . 0.003% 0.015% Pathirana et al.,
flounder (>99%) cinnamaldehyde Cinnamaldehyde (v/0) (0/0) 2019b
(Sigma-Aldrich)
Rainbow Argania spinose L. L. Oleic acid, linoleic acid, Ontas et al.,
trout (argan-oil) Essential oil palmitic acid, stearic acid 20 Unknown 2016
Limonene, y-terpinene,
Rainbow Citrus limon L. Essential oil B-pinene, a-terpineol, 500 Unknown Ontas et al.,
trout (lemon-peel) myrecene and 2016
terpinolene
Strain Cinnamomum verum Rattanachaikun
ATCCA43921 (cinnamon-bark) Essential oil Unknown 120 Unknown sop(z)(r)loe;t al.,
Strain Ocimum sanctum Rattanachaikun
ATCCA43921 (holy basil-leaves) Essential oil Unknown 240 Unknown sop(z)(r)loe;t al.,
o - Rattanachaikun
Strain Zingiber officinale 1o
ATCCA43921 (roots) Essential oil Unknown 120 Unknown sopon et al.

2009
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Origin/
Source of L. Plant Extractive Major Compounds MIC MBC Reference
garvieae
Strain Syzygium aromaticum Essential oil Unknown 30 Unknown Rast;alcl)?ldelf ialfun
ATCC43921 (flower buds) p2009 v
Rainbow Zataria multiflora N Carvacrol, benzene and Soltani et al.,
trout (aerial parts) Essential oil phenol 0.12 0.12 2014
trisulfide, di-2-propenyl,
Rainbow Allium sativum L disulfide, di-2-propenyl Soltani et al.,
trout (garlic-edible parts) Essential oil and trisulfide, methyl 05 ! 2014
2-propenyl
cinnamic aldehyde,
Rainbow Cinnamomum Essential oil linalool, ortho methoxy 05 05 Soltani et al.,
trout zeylanicum (bark) cinnamic aldehyde and ’ ' 2014
1,8-cineole
5. qt;?;?;em_ Chloramphenicol 0.82 16b Maki et al., 2008
5. qb;li;l:];em— Ciprofloxacin 162 313b Maki et al., 2008
S ql{;li;;?;em_ Erythromycin 012 800P Maki et al., 2008
S quinquera- Enoxacin 6252 125  Maki et al., 2008
diata
5. quinquera- Florfenicol 162 16P Maki et al., 2008
diata
S- quinquera- Floroxacin 1252 125 Maki et al., 2008
diata
5. quinquera- Kanamycin 252 50b Maki et al., 2008
diata
5. qb;li;l:];em— Lincomycin 254 800 b Maki et al., 2008
S qzli’;f;‘em' Norfloxacin 6.252 125P  Maki et al,, 2008
5. qZIiZ?;em_ Oxolinic acid 4002 800 P Maki et al., 2008
5. quinquera- Orbifloxacin 162 16P Maki et al., 2008
diata
S qzli’;f;‘em' Ofloxacin 3132 625  Makietal, 2008
S ‘7”;11.’;;7;‘””' Penzylpenicillin 0.82 16> Makietal, 2008
S qb;l;:];em— Streptomycin 254 50P Maki et al., 2008
S quinquera- Tetracycline 1254 400" Maki et al., 2008

diata

Letters a and b showing MICsy and MICg, respectively.
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Table 2. Efficacy of medicinal herbs and plants on the survival of aquatic animals infected with Lactococcus garvieae. The

portion of the plant used to prepare the extractives were cited only if stated in the studies.

Survival Increase

Host Plant Extractive Dosage/Duration Compared to Reference
Control (%) 2
Giant frres};water Eichhornia crassipes 1 g kg diet™!, 12 days 157.3 Chane et al
prawn | (water Hot-water extract 2 g kg diet™!, 12 days 1128.6 ang etal,
(Macrobrachium hyacinth-leaves) 3 gkgdiet™!,12d 1171.4 2013
rosenbergit) y §xgdiet ays '
Giant freshwater . . .
prawn Eichhornia crassipes Powder 20 g kg diet™!, 120 days 144.3 Chang etal,
.. (leaves) 2016
(M. rosenbergii)
Hot-water extract 20 g kg diet™!, 120 days 189.0
Aqueous extract ! 2 g kg diet™!, 120 days 189.0
Dreg of aqueous .
SN 18 g kg diet !, 120 days 177.7
. s -1
Giant freshwater Muisa acuminate 1gkg d¥et71, 120 days 1200 Rattanavichai
prawn (banana-peel) Aqueous extract 3 g kg diet™ ", 120 days 1300 otal. 2015
(M. rosenbergii) 6 g kg diet™!, 120 days 1467 v
. P |
Giant freshwater Morinda cutrifolia 0.6 gkg @etﬁ L 21 days 1250 Halim et al.,
prawn (noni) Aqueous extract 3 g kg diet™", 21 days 150.4 2017
(M. rosenbergii) 6 g kg diet™!, 21 days NS
Nile tilapia I 5 mL kg diet™!, 45 days 166.7
(Oreochromis ‘Zf”gf_:g;’;‘f’)“ oil 10 mL kg diet™1, 45 days 191.7 Bag%f; al.,
niloticus) & 20 mL kg diet™1, 45 days 186.1
?Oailirgzrogv rztzl?;l; Lenglllbililfaf: e Aqueous extract 10gkg diet™", 45 days 179.0 Baba et al,
Y d 20 g kg diet ™1, 45 days 1109.7 2015
mykiss) mushroom)
Rainbow trout Pleurotus ostreatus Aqueous extract 10 g kg diet !, 42 days 140.0 Ulukoy et al.,
(O. mykiss) (oyster mushroom) d 20 g kg diet™!, 42 days 160.1 2016
o —1 (@)
Rainbow trout Usnea barbata . 230 mg kg f%Sh,l (@) T62.4 Bilen et al.,
(O. mykiss) (beard lichen) Methanolic extract 460 mg kg fish 145.3 2019
690 mg kg fish~1 (@ NS
Three spotted 80% survival vs. Ndashe et al
tilapia (Oreochromis Capsaicin Isolated compound 1.97 mg kg fish~1 ®) 0% survival in 2020 v
andersonii) control
0.125 mL kg diet™?, 56
days
1.5 mL kg diet™!, 56 154
Rainbow trout Origanum onites Essential ol days 192 Diler et al.
(O. mykiss) (oregano) ssentialo 2.5 mL kg diet™1, 56 184 2017
days No mortality
3.0 mL kg diet™!, 56
days
i1
Nile tilapia Syzygium 5> mlL kg d1.et 1 5 days 140 Rattanachaikun
. . o 10 mL kg diet™", 5 days 170
(Oreochromis aromaticum Essential oil 9 sopon et al.,
niloticus) (clove-buds) 20 mL kg diet™ , 5 days 180 2009
30 mL kg diet™!, 5 days No mortality
. 5gkg fish—1, 28 days NS .
M‘ile;;l;\f)‘g i *TCM Aq‘ii‘;usof;g;‘ft °f 10g kg fish 1,28 days 1230.8 Chcz’alefl al.,
P P 20 g kg fish—!, 28 days 1184.6
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Table 2. Cont.
Survival Increase
Host Plant Extractive Dosage/Duration Compared to Reference
Control (%) 2
Citrus paradisi
(grapefruit), Citrus
reticulata
. (tangerine), Citrus L ® Mora-
Rainbow trout aurantium ssp. Biocitro ™ (blend of 0.75 g kg diet ™!, 28 days 1120 Sanchez et al.,
(O. mykiss) b . these extracts)
ergamia 2020

(bergamot), Citrus
sinensis (sweet
orange)

1 Aqueous extract was the supernatant of the hot-water extract filtered and centrifuged. The left filtered product and sediment were the dreg
of aqueous extract. 2 survival increase calculated by the equation: (survival treatment x 100)/survival control-100. NS = nonsignificant
difference from control. * TCM = traditional Chinese medicine: composed by the plants Rhizoma coptidis, Radix scutellariae, Cortex phellodendri,
Fructus gardeniae jasminoidis, Fructus forsythiae, and Flos lonicerae japonicae. (%) = Gavage in infected fish twice a day for 10 days. (°) = Injected
in the same day of infection with the bacteria.

3.2. In Vivo Studies

All in vivo studies were related to survival against L. garvieae infection, and, in most
cases, the extractives of medicinal herbs and plants were added to the diets for various
periods before the treated fish being challenged with L. garvieae infection. Overall, the
essential oils that showed the best in vitro antibacterial activity against L. garvieae (Table 1)
were not tested for the in vivo bioassays yet. The extractives tested under in vivo conditions
presented moderate in vitro antibacterial activity against this bacterium or even were
not tested in vitro. However, the dietary supplementation with all tested extractives
reduced mortality of infected animals (Table 2), probably because they improved immune
parameters before challenging the treated fish with L. garvieae. A 12-day feeding giant
freshwater prawn (Macrobrachium rosenbergii) with hot-water extract of water hyacinth
(Eichhornia crassipes) leaves at 1,2, and 3 g kg ! diet induced significantly higher survival
rate after challenge with L. garvieae infection, but higher disease resistance was seen
in the prawn treated with higher concentration of the extract [108]. In addition, the
treated animals exhibited an enhancement in the immune responses including respiratory
burst, phenoloxidase activity, superoxide dismutase activity, glutathione peroxidase, total
hemocyte value, differential hemocyte count, transglutaminase activity, and phagocytic
activity towards L. garvtieae. In the subsequent research work by Chang and Cheng [109],
dietary addition of three tested water hyacinth extracts (Table 2) for 120 days increased
survival and immune parameters, i.e., total hemocyte count, semi-granular and granular
cells counts of giant freshwater prawn while phenoloxidase activity, respiratory bursts
of hemocytes were not observed only with dietary addition of powder of this plant to
the diet. Significantly more disease resistance to the pathogen was also obtained in the
animals fed hot-water treated extracts, rather than dried powder, suggesting the suitability
of hot-water extract as a better treatment strategy due to its efficacy and its availability and
convenience. The leaves extract of water hyacinth contains various bioactive compounds
including saponins, polyoses, and alkaloid salts known as the major substances with
immunostimulant effect and antimicrobial activity [110]. The dietary addition of banana
(Musa acuminate) peels aqueous extract at lower (1 g kg diet ') or higher (6 g kg diet™!)
concentrations for 120 days increased disease resistance of giant freshwater prawn towards
L. garvieae infection [111] that could be in part due to an enhancement effect on the total
hemocyte and granular cells populations, lipopolysaccharide, and (3-1,3-glucan binding
protein, transglutaminase, and crustin mRNA expression levels in hemocytes of treated
giant freshwater prawn measured by the authors. Higher concentrations of the plant (3
and 6 g kg diet™!), however, presented higher survival that was correlated with a higher
activity in the phenoloxidase and phagocytic levels [111]. In contrast, giant freshwater
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prawn fed lower dosage (0.6 g kg diet~!) of the aqueous extract of noni (Morinda citrifolia)
for 63 days revealed higher disease resistance towards L. garvieae challenge than the
animals treated with higher concentrations, i.e., 3 and 6 g kg diet ™! [112]. The potency of
the plant on the animal immune responses exhibited that total hemocyte value, differential
hemocyte count, respiratory burst of hemocytes, phenoloxidase, and transglutaminase
activities, as well as the gene expressions of prophenoloxidase, transglutaminase, crustin,
and lysozyme were more stimulated at the lower dosage than the higher ones [112]. These
studies demonstrated that, as can be observed in the review of Elumalai et al. [113], the
immunostimulant effects of herbal compounds and the optimum doses to trigger the
best response are species specific and usually do not follow a dose-response relationship.
Dietary addition of the oil seeds of argan (Argania spinosa) at 5, 10, and 20 mL kg diet~! for
45 days increased the survival of Nile tilapia (Oreochromis niloticus) after challenge with L.
garvieae infection compared with control fish [114]. At the higher argan oil seeds the survival
of treated fish was, however reduced but was still higher than control group [114]. In all
treatments with this oil, the value of immunocompetent cell size (leucocyte population),
and activities of lysozyme and mieloperoxidase were enhanced pre- and post-challenged
with L. garvieae [114] that could support the fish disease resistance to lactococcal infection.
Apparently, the supplementation with argan oil improved the oil acid profile of the fish
feed, which led to the immunomodulatory effects observed in Nile tilapia [114]. The
dietary addition of the aqueous extract of Shiitake mushroom (Lentinula edodes) at 10 and
20 g kg diet™! for 45 days enhanced rainbow trout survival challenged with L. garvieae
infection [115]. This response may in part be due to an increase in the number of leucocytes,
myeloperoxidase, lysozyme activity, phagocytic activity, and IgM measured in the treated
fish [115]. Rainbow trout fed dietary supplementation with the aqueous extract of oyster
mushroom (Pleurotus ostreatus) at 10 and 20 g kg diet ! for 42 days demonstrated higher
survival in challenge with L. garvieae infection that could be due to an enhancement
in the phagocytic, lysozyme, and myeloperoxidase activities, as well as an increase in
immunocompetent cell populations, i.e., neutrophils, monocytes, and total white blood
cells [116]. This effect may be, at least in part, due to the presence of 3-glucans in the
oyster mushroom, as these compounds have immunomodulatory effect in fish [117]. The
dietary addition of essential oil of oregano (Origanum onites) in rainbow trout diet at
3.0 mL kg diet ! for 60 days avoided any mortality in fish post-challenge with L. garvieae
infection [118]. Such a higher survival rate could be due to the stimulation effect of carvacrol
that was the main compound (92.6%) of the essential oil as the treated fish demonstrated a
higher level in the lysozyme activity than the control fish [118]. Eight-week feeding rainbow
trout with stinging nettle (Urtica dioica) at 1%, 2%, and 3% demonstrated an improvement in
the growth, immune responses and antagonistic activity against L. garvieae only in the fish
treated with 2% or 3% of stinging nettle [101], indicating a dosage optimization is required
before any treatment. The in vivo efficacy of the plant to L. garvieae infection is, however
warranted further works. Feeding rainbow trout with tarragon (Artemisia dracunculus)
methanolic extract (aerial parts) at 10, 20, and 30 g kg diet ! for 56 days demonstrated an
enhancement in the fish mucus bactericidal activity against L. garvieae [119], but data on the
fish disease resistance against lactococcosis caused by L. garvieae warranted further works.

Another preventive treatment was the injection of the essential oils of black cumin
(Nigella sativa) and savory (Satureja bachtiarica) both at 0.417, 0.833, or 1.667 mg kg fish~!
as adjuvant to Streptococcus/Lactococcus vaccine 42 days before infection of rainbow trout
with L. garvieae [120]. However, the vaccinated fish did not show any significant change in
relative survival percentage, antibody levels, and white blood cells number compared to
vaccinated fish without any of the oils [120]. In a unique study by Bilen et al. [121] use of
the methanolic extract of beard lichen (Usnea barbata) at 235, 470, and 705 mg kg fish~! by
gavage twice a day for 10 days exhibited higher survival than control fish that could be in
part due to the enhancement in the immune related genes (IL-8, TGF-f3, IL-12 Beta, TNF«1,
IL-10, COX-2, IL-6, TLR5, C3, IGM, MHC-II, iNOS, IgT, IFN1, IFN2, and IEN reg) in the
infected fish with L. garvieae [121]. The survival of treated fish at higher dosage, i.e., 705 mg
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kg~ ! fish however, resulted in no significant difference compared with the control fish, but
the survivals of positive controls (florfenicol and erythromycin each at 353 mg kg ! fish)
were significantly higher than all treated groups. The two lower doses of this extract also
increased myeloperoxidase activity in the treated fish [121]. These effects may be, at least
in part, due to one of its main compounds, usnic acid, which has immune and antibacterial
effects [122]. Additional studies dealing with dietary supplementation with extractives of
plants or compounds that improve immune parameters in aquatic animals (see reviews
of [107,123,124]) to prevent against L. garvieae, L. lactis and infections are recommended.
Although, herbal medicinal products have been reported as a major source for dis-
covering new pharmaceutical compounds that have been used to treat serious diseases,
studies validating their toxicity are essential prior to be formulated and prescribed as the
therapeutic agents. Unfortunately, minimum data are available concerning the toxicity
and negative side effects of medicinal herb and plants in aquaculture species especially on
commercial fish species. The lethal concentration (LCs) of Eichhornia crassipes in tilapia
(Sarotherodon melanotheron) at 3 h of exposure was 16.37% of the effluent water of the
plant [125], and Morinda cutrifolia at concentrations of 4.8 and 5.4 g/L, aqueous fruit ex-
tract caused a significant histopathological damage in tilapia gills [126]. In their study by
Dolezelova et al., 2011 [127] a 96 h LCsq value for Syzygium aromaticum clove oil in Zebra
tish (Danio rerio) and guppy (Poecilia reticulata) were 18.2 £ 5.52 mg/L and 21.7 - 0.8 mg/L,
respectively. Administration of beard lichen at 5248 ug/L and 1252 ug/L caused abnormal
development of larvae and impairs the growth of sea urchin (Paracentrotus lividus) and
caused 50% mortality in copepod (Tisbe battagliai) at early life stages, respectively [128].

4. Conclusions

Disease outbreaks by Lactococcus species specially L. garvieae is one of the major
concerns faced in the aquaculture production worldwide, and various biological and
environmental variables, as well as the aquaculture practices and husbandry can affect the
quantity and impacts of the morbidity and mortality. Data influencing the economic losses
can, thus, assist to develop policies and strategies to reduce the losses by lactococcosis
outbreaks in aquaculture industry. Lactococcosis outbreaks especially by L. garvieae are
increasingly recognized as a significant and re-emerging bacterial disease in aquaculture,
but there is no an estimation of its economic impacts. Data describing antagonistic activity
and disease resistance efficacy of potential medicinal herbs and plants towards lactococcosis
caused by L. garvieae, L. lactis, L. piscium and L. raffinolactis in finfish are not very much.
Almost all in vitro studies with vegetable and lichens extractives were performed against L.
garvieae. Despite no strong antibacterial activity by herb extracts against L. garvieae, essential
oils especially those that contain thymol and carvacrol are more effective against L. garvieae
strains. The exhibited differences on minimum inhibitory and bactericidal values for the
same extractive in different studies could be due to the use of different bacterial strains or
parts or chemotypes of the same plant. Despite best anti-L. garvieae activity by the essential
oils under in vitro assays, the in vivo bioassays need be assessed yet. The extractives tested
under in vivo conditions presented moderate antibacterial activity against this bacterium
or even were not tested in vitro. However, the dietary supplementation with all tested
extractives reduced mortality of infected animals, probably because they improved immune
parameters before challenging the treated fish with L. garvieae.

Author Contributions: M.S. supervised the manuscript and involved in conceptualization and wrote,
reviewed and edited the manuscript, B.B. involved in writing draft and revised of phytotherapy
section, S.PH.S. and S.S. involved in original draft preparation, M.B. involved in data collection and
analysis. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by University of Tehran, grant number 7501.
Institutional Review Board Statement: Not Applicable.

Informed Consent Statement: Not Applicable.



Vet. Sci. 2021, 8, 181 18 of 22

Data Availability Statement: The study did not report any data.
Acknowledgments: This research work was partially funded by University of Tehran.

Conflicts of Interest: Authors declare that they have no conflicts of interests to influence the work
reported in this paper.

References

1. FAO. The State of World Fisheries and Aquaculture 2020. Sustainability in Action; Food and Agriculture Organization of the United
Nations: Rome, Italy, 2020.

2. Rodger, H.D. Fish Disease Causing Economic Impact in Global Aquaculture. In Fish Vaccines; Adams, A., Ed.; Springer:
Berlin/Heidelberg, Germany, 2016; pp. 1-34.

3. Romero, |.; Feijo6, C.G.; Navarrete, P. Antibiotics in Aquaculture—Use, Abuse and Alternatives. In Health and Environment in
Aquaculture; Carvalho, E., David, G.S., da Silva, R.]., Eds.; IntechOpen: Rijeka, Croatia, 2012; pp. 159-198.

4.  Tavares-Dias, M.; Martins, M.L. An overall estimation of losses caused by diseases in the Brazilian fish farms. J. Parasit. Dis. 2017,
41, 913-918. [CrossRef] [PubMed]

5. Eldar, A,; Ghittino, C.; Asanta, L.; Bozzetta, E.; Goria, M.; Prearo, M.; Bercovier, H. Enterococcus seriolicida is a junior synonym of
Lactococcus garvieae, a causative agent of septicemia and meningoencephalitis in fish. Curr. Microbiol. 1996, 32, 85-88. [CrossRef]
[PubMed]

6. Meyburgh, C.; Bragg, R.; Boucher, C. Lactococcus garvieae: An emerging bacterial pathogen of fish. Dis. Aquat. Org. 2017, 123,
67-79. [CrossRef]

7. Agnew, W,; Barnes, A.C. Streptococcus inige: An aquatic pathogen of global veterinary significance and a challenging candidate for
reliable vaccination. Vet. Microbiol. 2007, 122, 1-15. [CrossRef] [PubMed]

8. Michel, C.; Nougayrede, P; Eldar, A.; Sochon, E.; De Kinkelin, P. Vagococcus salmoninarum, a bacterium of pathological significance
in rainbow trout Oncorhynchus mykiss farming. Dis. Aquat. Org. 1997, 30, 199-208. [CrossRef]

9.  Wallbanks, S.; Martinez-Murcia, A.; Fryer, J.; Phillips, B.; Collins, M. 16S rRNA sequence determination for members of the genus
Carnobacterium and related lactic acid bacteria and description of Vagococcus salmoninarum sp. nov. Int. J. Syst. Evol. Microbiol.
1990, 40, 224-230. [CrossRef]

10. Soltani, M.; Mohamadian, S.; Rouholahi, S.; Soltani, E.; Rezvani, S. Shirazi thyme (Zataria multiflora) essential oil suppresses the
expression of PavA and Hly genes in Lactococcus garvieae, the causative agent of lactococcosis in farmed fish. Aquaculture 2015,
442,74-77. [CrossRef]

11.  Soltani, M.; Nikbakht, G.; Ebrahimzadeh Moussavi, H.; Ahmadzadeh, N. Epizootic outbreak of lactococcosis caused by Lactococcus
garvieae in farmed rainbow trout (Oncorhynchus mykiss) in Iran. Bull. Eur. Assoc. Fish Pathol. 2008, 28, 95-106.

12.  Karsidani, S.H.; Soltani, M.; Nikbakhat-Brojeni, G.; Ghasemi, M.; Skall, H.FE. Molecular epidemiology of zoonotic streptococco-
sis/lactococcosis in rainbow trout (Oncorhynchus mykiss) aquaculture in Iran. Iran. J. Microbiol. 2010, 2, 198-209.

13. Saraoui, T.; Leroi, F.; Bjorkroth, J.; Pilet, M.-F. Lactococcus piscium: A psychrotrophic lactic acid bacterium with bioprotective or
spoilage activity in food—A review. . Appl. Microbiol. 2016, 121, 907-918. [CrossRef] [PubMed]

14. Daniel, C.; Sebbane, E; Poiret, S.; Goudercourt, D.; Dewulf, J.; Mullet, C.; Simonet, M.; Pot, B. Protection against Yersinia
pseudotuberculosis infection conferred by a Lactococcus lactis mucosal delivery vector secreting LcrV. Vaccine 2009, 27, 1141-1144.
[CrossRef] [PubMed]

15. Kelly, W.J.; Ward, LJ.; Leahy, S.C. Chromosomal diversity in Lactococcus lactis and the origin of dairy starter cultures. Genome Biol.
Evol. 2010, 2, 729-744. [CrossRef] [PubMed]

16. Sarika, A.; Lipton, A.; Aishwarya, M.; Dhivya, R. Isolation of a bacteriocin-producing Lactococcus lactis and application of its
bacteriocin to manage spoilage bacteria in high-value marine fish under different storage temperatures. Appl. Biochem. Biotechnol.
2012, 167, 1280-1289. [CrossRef] [PubMed]

17.  EFSA. Scientific Opinion on the Safety and Efficacy of Lactococcus lactis (NCIMB 30160) as a Silage Additive for All Species.
Available online: http:/ /www.efsa.europa.eu/sites/default/files /scientific_output/files/main_documents/2366.pdf (accessed
on 23 October 2015).

18.  Boucher, I.; Vadeboncoeur, C.; Moineau, S. Characterization of genes involved in the metabolism of x-galactosides by Lactococcus
raffinolactis. Appl. Environ. Microbiol. 2003, 69, 4049-4056. [CrossRef] [PubMed]

19. Alomar, J.; Loubiere, P.; Delbes, C.; Nouaille, S.; Montel, M.-C. Effect of Lactococcus garvieae, Lactococcus lactis and Enterococcus
faecalis on the behaviour of Staphylococcus aureus in microfiltered milk. Food Microbiol. 2008, 25, 502-508. [CrossRef] [PubMed]

20. Rahkila, R.; Nieminen, T.; Johansson, P.; Sdde, E.; Bjorkroth, J. Characterization and evaluation of the spoilage potential of
Lactococcus piscium isolates from modified atmosphere packaged meat. Int. J. Food Microbiol. 2012, 156, 50-59. [CrossRef]
[PubMed]

21. Matamoros, S.; Pilet, M.-E,; Gigout, F.,; Prévost, H.; Leroi, E. Selection and evaluation of seafood-borne psychrotrophic lactic acid
bacteria as inhibitors of pathogenic and spoilage bacteria. Food Microbiol. 2009, 26, 638—644. [CrossRef]

22. Eldar, A.A.; Ghittino, C. Lactococcus garvieae and Streptococcus iniae infections in rainbow trout Oncorhynchus mykiss: Similar, but

different diseases. Dis. Aquat. Org. 1999, 36, 227-231. [CrossRef]


http://doi.org/10.1007/s12639-017-0938-y
http://www.ncbi.nlm.nih.gov/pubmed/29114119
http://doi.org/10.1007/s002849900015
http://www.ncbi.nlm.nih.gov/pubmed/8574132
http://doi.org/10.3354/dao03083
http://doi.org/10.1016/j.vetmic.2007.03.002
http://www.ncbi.nlm.nih.gov/pubmed/17418985
http://doi.org/10.3354/dao030199
http://doi.org/10.1099/00207713-40-3-224
http://doi.org/10.1016/j.aquaculture.2015.03.001
http://doi.org/10.1111/jam.13179
http://www.ncbi.nlm.nih.gov/pubmed/27172050
http://doi.org/10.1016/j.vaccine.2008.12.022
http://www.ncbi.nlm.nih.gov/pubmed/19135495
http://doi.org/10.1093/gbe/evq056
http://www.ncbi.nlm.nih.gov/pubmed/20847124
http://doi.org/10.1007/s12010-012-9701-0
http://www.ncbi.nlm.nih.gov/pubmed/22555500
http://www.efsa.europa.eu/sites/default/files/scientific_output/files/main_documents/2366.pdf
http://doi.org/10.1128/AEM.69.7.4049-4056.2003
http://www.ncbi.nlm.nih.gov/pubmed/12839781
http://doi.org/10.1016/j.fm.2008.01.005
http://www.ncbi.nlm.nih.gov/pubmed/18355675
http://doi.org/10.1016/j.ijfoodmicro.2012.02.022
http://www.ncbi.nlm.nih.gov/pubmed/22445914
http://doi.org/10.1016/j.fm.2009.04.011
http://doi.org/10.3354/dao036227

Vet. Sci. 2021, 8, 181 19 of 22

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Chen, M.-H.; Hung, S.-W.; Shyu, C.-L,; Lin, C.-C.; Liu, P.-C.; Chang, C.-H.; Shia, W.-Y.; Cheng, C.-F; Lin, S.-L.; Tu, C.-Y. Lactococcus
lactis subsp. lactis infection in Bester sturgeon, a cultured hybrid of Huso huso x Acipenser ruthenus, in Taiwan. Res. Vet. Sci. 2012,
93, 581-588. [CrossRef]

Austin, B.; Austin, D.A.; Austin, B.; Austin, D.A. Bacterial Fish Pathogens; Springer International Publishing: Cham, Switzerland,
2016; Volume 481.

Ortega, C.; Irgang, R.; Valladares-Carranza, B.; Collarte, C.; Avendafio-Herrera, R. First identification and characterization of
Lactococcus garvieae isolated from rainbow trout (Oncorhynchus mykiss) cultured in mexico. Animals 2020, 10, 1609. [CrossRef]
Hirono, I.; Yamashita, H.; Park, C.I; Yoshida, T.; Aoki, T. Identification of genes in a KG—Phenotype of Lactococcus garvieae, a fish
pathogenic bacterium, whose proteins react with antiKG—Rabbit serum. Microb. Pathog. 1999, 27, 407—417. [CrossRef] [PubMed]
Bragg, R.; Broere, J. Streptococcosis in rainbow trout in South Africa. Bull. Eur. Assoc. Fish Pathol. 1986, 6, 89-91.

Bekker, A.; Hugo, C.; Albertyn, J.; Boucher, C.; Bragg, R. Pathogenic Gram-positive cocci in South African rainbow trout,
Oncorhynchus mykiss (Walbaum). J. Fish Dis. 2011, 34, 483-487. [CrossRef] [PubMed]

Vendrell, D.; Balcazar, J.L.; Ruiz-Zarzuela, I.; De Blas, I.; Gironés, O.; Mizquiz, J.L. Lactococcus garvieae in fish: A review. Comp.
Immunol. Microbiol. Infect. Dis. 2006, 29, 177-198. [CrossRef] [PubMed]

Chang, P; Lin, C.; Lee, Y. Lactococcus garvieae infection of cultured rainbow trout, Oncorhynchus mykiss in Taiwan and associated
biophysical characteristics and histopathology. Eur. Assoc. Fish Pathol. 2002, 22, 319-327.

Avci, H.; Birincioglu, S.; Tanrikul, T.; Epikmen, E.; Metin, N.; Avsever, M. Experimental Lactococcus garvieae infection in rainbow
trout, Oncorhynchus mykiss, Walbaum 1792: A comparative histopathological and immunohistochemical study. J. Fish Dis. 2014,
37,481-495. [CrossRef] [PubMed]

Chen, S.-C,; Lin, Y.-D.; Liaw, L.-L.; Wang, P.-C. Lactococcus garvieae infection in the giant freshwater prawn Macrobranchium
rosenbergii confirmed by polymerase chain reaction and 16S rDNA sequencing. Dis. Aquat. Org. 2001, 45, 45-52. [CrossRef]
Algoet, M.; Bayley, A.; Roberts, E.; Feist, S.; Wheeler, R.; Verner-Jeffreys, D. Susceptibility of selected freshwater fish species to a
UK Lactococcus garvieae isolate. J. Fish Dis. 2009, 32, 825-834. [CrossRef]

Tire, M.; Haliloglu, H.I; Altuntas, C.; Boran, H.; Kutlu, 1. Comparison of experimental susceptibility of rainbow trout
(Oncorhynchus mykiss), turbot (Psetta maxima), black sea trout (Salmo trutta labrax) and sea bass (Dicentrarchus labrax) to Lactococcus
garvieae. Turk. J. Fish. Aquat. Sci. 2014, 14, 507-513. [CrossRef]

Kusuda, R.; Hamaguchi, M. Extracellular and intracellular toxins of Streptococcus sp. isolated from yellowtail. Bull. Eur. Assoc.
Fish Pathol. 1988, 8, 9-10.

Aguado-Urda, M.; Lopez-Campos, G.H.; Gibello, A.; Cutuli, M.T.; Lopez-Alonso, V.; Ferndndez-Garayzabal, J.F.; Blanco, M.M.
Genome sequence of Lactococcus garvieae 8831, isolated from rainbow trout lactococcosis outbreaks in Spain. J. Bacteriol. 2011, 193,
4263-4264. [CrossRef]

Holbourn, K.P.; Shone, C.C.; Acharya, K. A family of killer toxins. FEBS J. 2006, 273, 4579-4593. [CrossRef]

Ture, M.; Altinok, I. Detection of putative virulence genes of Lactococcus garvieae. Dis. Aquat. Org. 2016, 119, 59-66. [CrossRef]
Colorni, A; Ravelo, C.; Romalde, J.; Toranzo, A.; Diamant, A. Lactococcus garvieae in wild Red Sea wrasse Coris aygula (Labridae).
Dis. Aquat. Org. 2003, 56, 275-278. [CrossRef]

Kawanishi, M.; Yoshida, T.; Yagashiro, S.; Kijima, M.; Yagyu, K.; Nakai, T.; Murakami, M.; Morita, H.; Suzuki, S. Differences
between Lactococcus garvieae isolated from the genus Seriola in Japan and those isolated from other animals (trout, terrestrial
animals from Europe) with regard to pathogenicity, phage susceptibility and genetic characterization. J. Appl. Microbiol. 2006, 101,
496-504. [CrossRef] [PubMed]

Evans, ].J.; Klesius, P.H.; Shoemaker, C.A. First isolation and characterization of Lactococcus garvieae from Brazilian Nile tilapia,
Oreochromis niloticus (L.), and pintado, Pseudoplathystoma corruscans (Spix & Agassiz). J. Fish Dis. 2009, 32, 943-951. [CrossRef]
[PubMed]

Didinen, B.; Yardimci, B.; Onuk, E.; Metin, S.; Yildirim, P. Naturally Lactococcus garvieae infection in rainbow trout (Oncorhyncus
mykiss Walbaum, 1792): New histopathological observations, phenotypic and molecular identification. Rev. Med. Vet.-Toulouse
2014, 165, 12-19.

Evans, J.].; Pasnik, D.J.; Klesius, P.H.; Al-Ablani, S. First report of Streptococcus agalactine and Lactococcus garvieae from a wild
bottlenose dolphin (Tursiops truncatus). J. Wildl. Dis. 2006, 42, 561-569. [CrossRef] [PubMed]

Fichi, G.; Cardeti, G.; Perrucci, S.; Vanni, A.; Cersini, A.; Lenzi, C.; De Wolf, T.; Fronte, B.; Guarducci, M.; Susini, F. Skin lesion-
associated pathogens from Octopus vulgaris: First detection of Photobacterium swingsii, Lactococcus garvieae and betanodavirus.
Dis. Aquat. Org. 2015, 115, 147-156. [CrossRef]

Tejedor, J.; Vela, A.; Gibello, A.; Casamayor, A.; Dominguez, L.; Fernandez-Garayzabal, J. A genetic comparison of pig, cow and
trout isolates of Lactococcus garvieae by PFGE analysis. Lett. Appl. Microbiol. 2011, 53, 614—619. [CrossRef] [PubMed]

Tsai, M.-A.; Wang, P.-C.; Liaw, L.-L.; Yoshida, T.; Chen, S.-C. Comparison of genetic characteristics and pathogenicity of Lactococcus
garvieae isolated from aquatic animals in Taiwan. Dis. Aquat. Org. 2012, 102, 43-51. [CrossRef]

Aguado Urda, M.; Cutuli Simén, M.T.; Blanco Gutiérrez, M.; Aspiroz, C.; Tejedor, J.L.; Fernandez Garayzébal, ].E,; Gibello Prieto,
A. Utilization of lactose and presence of the phospho-[3-galactosidase (lacG) gene in Lactococcus garvieae isolates from different
sources. Int. Microbiol. Off. |. Span. Soc. Microbiol. 2010, 13, 189-193.

Aoki, T.; Takami, K.; Kitao, T. Drug resistance in a nonhemolytic Streptococcus sp. isolated from cultured yellowtail Seriola
quinqueradiata. Dis. Aquat. Org. 1990, 8, 171-177. [CrossRef]


http://doi.org/10.1016/j.rvsc.2011.10.007
http://doi.org/10.3390/ani10091609
http://doi.org/10.1006/mpat.1999.0316
http://www.ncbi.nlm.nih.gov/pubmed/10588913
http://doi.org/10.1111/j.1365-2761.2011.01259.x
http://www.ncbi.nlm.nih.gov/pubmed/21545442
http://doi.org/10.1016/j.cimid.2006.06.003
http://www.ncbi.nlm.nih.gov/pubmed/16935332
http://doi.org/10.1111/jfd.12132
http://www.ncbi.nlm.nih.gov/pubmed/23957738
http://doi.org/10.3354/dao045045
http://doi.org/10.1111/j.1365-2761.2009.01058.x
http://doi.org/10.4194/1303-2712-v14_2_22
http://doi.org/10.1128/JB.05326-11
http://doi.org/10.1111/j.1742-4658.2006.05442.x
http://doi.org/10.3354/dao02981
http://doi.org/10.3354/dao056275
http://doi.org/10.1111/j.1365-2672.2006.02951.x
http://www.ncbi.nlm.nih.gov/pubmed/16882159
http://doi.org/10.1111/j.1365-2761.2009.01075.x
http://www.ncbi.nlm.nih.gov/pubmed/19531061
http://doi.org/10.7589/0090-3558-42.3.561
http://www.ncbi.nlm.nih.gov/pubmed/17092887
http://doi.org/10.3354/dao02877
http://doi.org/10.1111/j.1472-765X.2011.03153.x
http://www.ncbi.nlm.nih.gov/pubmed/21933202
http://doi.org/10.3354/dao02516
http://doi.org/10.3354/dao008171

Vet. Sci. 2021, 8, 181 20 of 22

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Kawanishi, M.; Kojima, A.; Ishihara, K.; Esaki, H.; Kijima, M.; Takahashi, T.; Suzuki, S.; Tamura, Y. Drug resistance and pulsed-
field gel electrophoresis patterns of Lactococcus garvieae isolates from cultured Seriola (yellowtail, amberjack and kingfish) in
Japan. Lett. Appl. Microbiol. 2005, 40, 322-328. [CrossRef] [PubMed]

Bercovier, H.; Ghittino, C.; Eldar, A. Immunization with bacterial antigens: Infections with streptococci and related organisms.
Dev. Biol. Stand. 1997, 90, 153-160. [PubMed]

Hirono, I.; Aoki, T. Characterization of structure and genes of R Plasmid from fish-pathogenic Lactococcus garvieae. Proc. Jpn. Soc.
Antimicrob. 2001, 23, 22-24.

Duman, M.; Buyukekiz, A.G.; Saticioglu, I.B.; Cengiz, M.; Sahinturk, P.; Altun, S. Epidemiology, genotypic diversity, and
antimicrobial resistance of Lactococcus garvieae in farmed rainbow trout (Oncorhynchus mykiss). Iran. J. Fish. Sci. 2020, 19, 1-18.
[CrossRef]

Fleming, H.; Fowler, S.V.; Nguyen, L.; Hofinger, D.M. Lactococcus garvieae multi-valve infective endocarditis in a traveler returning
from South Korea. Travel Med. Infect. Disease 2012, 10, 101-104. [CrossRef]

Vendrell, D.; Balcazar, ].L.; Ruiz-Zarzuela, I.; de Blas, L; Gironés, O.; Muzquiz, J.L. Safety and efficacy of an inactivated vaccine
against Lactococcus garvieae in rainbow trout (Oncorliynchus mykiss). Prev. Vet. Med. 2007, 80, 222-229. [CrossRef]

Heuer, O.E.; Kruse, H.; Grave, K.; Collignon, P.; Karunasagar, I.; Angulo, F.J. Human health consequences of use of antimicrobial
agents in aquaculture. Clin. Infect. Dis. 2009, 49, 1248-1253. [CrossRef]

Smith, P.; Hiney, M.P,; Samuelsen, O.B. Bacterial resistance to antimicrobial agents used in fish farming: A critical evaluation of
method and meaning. Ann. Rev. Fish Dis. 1994, 4, 273-313. [CrossRef]

Cabello, F.C. Heavy use of prophylactic antibiotics in aquaculture: A growing problem for human and animal health and for the
environment. Environ. Microbiol. 2006, 8, 1137-1144. [CrossRef]

Amal, M.; Zamri-Saad, M. Streptococcosis in tilapia (Oreochromis niloticus): A review. Pertanika J. Trop. Agric. Sci. 2011, 34,
195-206.

Yanong, R.PE. Use of Antibiotics in Ornamental Fish Aquaculture; Institute of Food and Agricultural Sciences; University of Florida:
Gainesville, FL, USA, 2003; Volume 2003.

Tsai, M.-A.; Wang, P.-C.; Cao, T.-T,; Liao, P-C.; Liaw, L.-L.; Chen, S.-C. Immunoprotection of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) from Lactococcus garvieae against Lactococcosis in tilapia. J. Gen. Appl. Microbiol. 2013, 59, 437-449.
[CrossRef] [PubMed]

Zaheri Abdevand, L.; Soltani, M.; Shafiei, S. Adjuvant effect of Licorice (Glycyrrhiza glabra) extract on the efficacy of lactococcosis
vaccine in rainbow trout (Oncorhynchus mykiss). Iran. |. Fish. Sci. 2021, 20, 646-662.

Varsha, K.K.; Nampoothiri, K.M. Lactococcus garvieae subsp. bovis subsp. nov., lactic acid bacteria isolated from wild gaur (Bos
gaurus) dung, and description of Lactococcus garvieae subsp. garvieae subsp. nov. Int. ]. Syst. Evol. Microbiol. 2016, 66, 3805-3809.
[CrossRef] [PubMed]

Gibello, A.; Galan-Sanchez, E; Blanco, M.M.; Rodriguez-Iglesias, M.; Dominguez, L.; Ferndndez-Garayzabal, ].F. The zoonotic
potential of Lactococcus garvieae: An overview on microbiology, epidemiology, virulence factors and relationship with its presence
in foods. Res. Vet. Sci. 2016, 109, 59-70. [CrossRef]

Chan, J.; Woo, P,; Teng, ].; Lau, S.; Leung, S.; Tam, E; Yuen, K.-Y. Primary infective spondylodiscitis caused by Lactococcus garvieae
and a review of human L. garvieae infections. Infection 2011, 39, 259-264. [CrossRef] [PubMed]

James, PR.; Hardman, S.M.; Patterson, D.L. Osteomyelitis and possible endocarditis secondary to Lactococcus garvieae: A first case
report. Postgrad. Med. . 2000, 76, 301-303. [CrossRef]

Li, W.-K; Chen, Y.-S.; Wann, S.-R;; Liu, Y.-C.; Tsai, H.-C. Lactococcus garvieae endocarditis with initial presentation of acute cerebral
infarction in a healthy immunocompetent man. Intern. Med. 2008, 47, 1143-1146. [CrossRef] [PubMed]

Lim, EH.; Jenkins, D.R. Native valve endocarditis caused by Lactococcus garvieae: An emerging human pathogen. Case Rep. 2017,
2017, bcr-2017-220116. [CrossRef]

Igneri, L.; Eltoukhy, N.; Shaffer, A.; Goren, R. A rare case of Lactococcus garvieae endocarditis in a critically ill patient. Crit. Care
Med. 2015, 43, 302. [CrossRef]

Tsur, A.; Slutzki, T.; Flusser, D. Lactococcus garvieae endocarditis on a prosthetic biological aortic valve. Zoonoses Public Health 2015,
62, 435-437. [CrossRef]

Clavero, R.; Escobar, J.; Ramos-Avasola, S.; Merello, L.; Alvarez, E. Lactococcus garvieae endocarditis in a patient undergoing
chronic hemodialysis. First case report in Chile and review of the literature. Rev. Chil. Infectol. Organo Of. Soc. Chil. Infectol. 2017,
34, 397-403. [CrossRef]

Malek, A.; De la Hoz, A.; Gomez-Villegas, S.I.; Nowbakht, C.; Arias, C.A. Lactococcus garvieae, an unusual pathogen in infective
endocarditis: Case report and review of the literature. BMC Infect. Dis. 2019, 19, 301. [CrossRef] [PubMed]

Wang, C.Y.C.; Shie, H.S.; Chen, S.C.; Huang, ].P; Hsieh, I.C.; Wen, M.S.; Lin, EC.; Wu, D. Lactococcus garvieae infections in humans:
Possible association with aquaculture outbreaks. Int. J. Clin. Pract. 2007, 61, 68-73. [CrossRef]

Miyauchi, E.; Toh, H.; Nakano, A.; Tanabe, S.; Morita, H. Comparative genomic analysis of Lactococcus garvieae strains isolated
from different sources reveals candidate virulence genes. Int. J. Microbiol. 2012, 2012. [CrossRef] [PubMed]

Taheri Mirghaed, A.; Soltani, M.; Mahmoodi, Z.; Hosseini Shekarabi, P. Study of cultured rainbow trout contamination with
Streptococcus iniae and Lactococcus garvieae in some fish markets of Tehran and Karaj. J. Food Hyg. 2016, 6, 65-73.


http://doi.org/10.1111/j.1472-765X.2005.01690.x
http://www.ncbi.nlm.nih.gov/pubmed/15836733
http://www.ncbi.nlm.nih.gov/pubmed/9270844
http://doi.org/10.22092/IJFS.2018.117609
http://doi.org/10.1016/j.tmaid.2012.02.004
http://doi.org/10.1016/j.prevetmed.2007.02.008
http://doi.org/10.1086/605667
http://doi.org/10.1016/0959-8030(94)90032-9
http://doi.org/10.1111/j.1462-2920.2006.01054.x
http://doi.org/10.2323/jgam.59.437
http://www.ncbi.nlm.nih.gov/pubmed/24492602
http://doi.org/10.1099/ijsem.0.001268
http://www.ncbi.nlm.nih.gov/pubmed/27498541
http://doi.org/10.1016/j.rvsc.2016.09.010
http://doi.org/10.1007/s15010-011-0094-8
http://www.ncbi.nlm.nih.gov/pubmed/21424437
http://doi.org/10.1136/pmj.76.895.301
http://doi.org/10.2169/internalmedicine.47.0795
http://www.ncbi.nlm.nih.gov/pubmed/18552475
http://doi.org/10.1136/bcr-2017-220116
http://doi.org/10.1097/01.ccm.0000475031.97348.49
http://doi.org/10.1111/zph.12162
http://doi.org/10.4067/s0716-10182017000400397
http://doi.org/10.1186/s12879-019-3912-8
http://www.ncbi.nlm.nih.gov/pubmed/30943906
http://doi.org/10.1111/j.1742-1241.2006.00855.x
http://doi.org/10.1155/2012/728276
http://www.ncbi.nlm.nih.gov/pubmed/22649452

Vet. Sci. 2021, 8, 181 21 of 22

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Assefa, A.; Abunna, F. Maintenance of fish health in aquaculture: Review of epidemiological approaches for prevention and
control of infectious disease of fish. Vet. Med. Int. 2018, 2018. [CrossRef]

Leung, T.L.; Bates, A.E. More rapid and severe disease outbreaks for aquaculture at the tropics: Implications for food security. J.
Appl. Ecol. 2013, 50, 215-222. [CrossRef]

Matsuura, Y.; Terashima, S.; Takano, T.; Matsuyama, T. Current status of fish vaccines in Japan. Fish Shellfish Immunol. 2019, 95,
236-247. [CrossRef]

Soltani, M.; Lymbery, A.; Song, S.K.; Hossein-Shrkarabi, P. Adjuvant effects of medicinal herbs and probiotics for fish vaccines.
Rev. Aquac. 2018, 11, 1325-1341. [CrossRef]

Rodrigues, M.; Lima, S.; Higgins, C.; Canniatti-Brazaca, S.; Bicalho, R. The Lactococcus genus as a potential emerging mastitis
pathogen group: A report on an outbreak investigation. J. Dairy Sci. 2016, 99, 9864-9874. [CrossRef] [PubMed]

Mannion, P.; Rothburn, M. Diagnosis of bacterial endocarditis caused by Streptococcus lactis and assisted by immunoblotting of
serum antibodies. J. Infect. 1990, 21, 317-318. [CrossRef]

Clark, L; Burnie, J. Inmunoblotting and culture positive endocarditis. J. Clin. Pathol. 1991, 44, 152-156. [CrossRef]

Campbell, P;; Dealler, S.; Lawton, J. Septic arthritis and unpasteurised milk. J. Clin. Pathol. 1993, 46, 1057-1058. [CrossRef]
Durand, J.M.; Rousseau, M.C.; Gandois, ].M.; Kaplanski, G.; Mallet, M.N.; Soubeyrand, J. Streptococcus lactis septicemia in a
patient with chronic lymphocytic leukemia. Am. J. Hematol. 1995, 50, 64—65. [CrossRef] [PubMed]

Zechini, B.; Cipriani, P.; Papadopoulou, S.; Di Nucci, G.; Petrucca, A.; Teggi, A. Endocarditis caused by Lactococcus lactis subsp.
lactis in a patient with atrial myxoma: A case report. Diagn. Microbiol. Infect. Dis. 2006, 56, 325-328. [CrossRef] [PubMed]
Wang, P.-C.; Lin, Y.-D.; Liaw, L.-L.; Chern, R.-S.; Chen, S.-C. Lactococcus lactis subspecies lactis also causes white muscle disease in
farmed giant freshwater prawns Macrobrachium rosenbergii. Dis. Aquat. Org. 2008, 79, 9-17. [CrossRef]

Khoo, L.H.; Austin, EW.; Quiniou, S.M.; Gaunt, P.S.; Riecke, D.K.; Jacobs, A.M.; Meals, K.O.; Dunn, A.W.; Griffin, M.]. Lactococcosis
in silver carp. J. Aquat. Anim. Health 2014, 26, 1-8. [CrossRef] [PubMed]

Wiinnemann, H.; Eskens, U.; Prenger-Berninghoff, E.; Ewers, C.; Lierz, M. Lactococcus lactis, causative agent of an endocarditis
valvularis and parietalis thromboticans in the allis shad, Alosa alosa (L.). J. Fish Dis. 2018, 41, 1207-1215. [CrossRef]

Williams, A.; Fryer, J.; Collins, M. Lactococcus piscium sp. nov. a new Lactococcus species from salmonid fish. FEMS Microbiol. Lett.
1990, 68, 109-113. [CrossRef]

Michel, C.; Pelletier, C.; Boussaha, M.; Douet, D.-G.; Lautraite, A.; Tailliez, P. Diversity of lactic acid bacteria associated with
fish and the fish farm environment, established by amplified rRNA gene restriction analysis. Appl. Environ. Microbiol. 2007, 73,
2947-2955. [CrossRef] [PubMed]

Rios, J.-L.; Recio, M.C. Medicinal plants and antimicrobial activity. J. Ethnopharmacol. 2005, 100, 80-84. [CrossRef] [PubMed]
Tiirker, H.; Yildirim, A.B.; Karakas, EP. Sensitivity of bacteria isolated from fish to some medicinal plants. Turk. J. Fish. Aquat. Sci.
2009, 9, 181-186. [CrossRef]

Ttirker, H.; Yildirim, A.B.; Karakas, FP; Koyliioglu, H. Antibacterial activities of extracts from some Turkish endemic plants on
common fish pathogens. Turk. J. Biol. 2009, 33, 73-78. [CrossRef]

Tiirker, H.; Yildirim, A.B. Screening for antibacterial activity of some Turkish plants against fish pathogens: A possible alternative
in the treatment of bacterial infections. Biotechnol. Biotechnol. Equip. 2015, 29, 281-288. [CrossRef]

Tas, I; Yildirim, A.; Ozyigitoglu, G.; Turker, H.; Turker, A. Lichens as a promising natural antibacterial agent against fish
pathogens. Bull. Eur. Assoc. Fish Pathol. 2019, 39, 41-48.

Ayad, R.; Cakmak, Y.S.; Ozusaglam, M.A.; Medjroubi, K.; Akkal, S. In vitro antioxidant and antimicrobial activities of aerial parts
of Algerian Jurinea humilis DC (Asteraceae). Trop. ]. Pharm. Res. 2017, 16, 2903-2909. [CrossRef]

Ulukoy, G.; Cennet, 0O.; Mammadov, R.; Sayin, Z. Radical scavenging activity and antibacterial effect of three cyclamen I. tuber
extracts on some fish pathogens. Siileyman Demirel Universitesi Fen Bilimleri Enstitiisii Derg. 2018, 22, 562-568. [CrossRef]
Yildirim, A.; Turker, H. Antibacterial activity of some aromatic plant essential oils against fish pathogenic bacteria. J. Limnol.
Freshw. Fish. Res. 2018, 4, 67-74. [CrossRef]

Tural, S.; Durmaz, Y.; Urcar, E.; Turhan, S. Antibacterial activity of thyme, laurel, rosemary and parsley essential oils against some
bacterial fish pathogen. Acta Aquat. Turc. 2019, 15, 440—447. [CrossRef]

Gulec, A K,; Erecevit, P; Yuce, E.; Arslan, A.; Bagci, E.; Kirbag, S. Antimicrobial activity of the methanol extracts and essential oil
with the composition of endemic Origanum acutidens (Lamiaceae). ]. Essent. Oil Bear. Plants 2014, 17, 353-358. [CrossRef]
Shehata, S.; Mohamed, M.; Abd El-Shafi, S. Antibacterial activity of essential oils and their effects on Nile tilapia fingerlings
performance. J. Med. Sci. 2013, 13, 367. [CrossRef]

Adel, M.; Caipang, C.M.A.; Dawood, M.A. Immunological responses and disease resistance of rainbow trout (Oncorhynchus
mykiss) juveniles following dietary administration of stinging nettle (Urtica dioica). Fish Shellfish Immunol. 2017, 71, 230-238.
[CrossRef]

Soltani, M.; Mohamadian, S.; Ebrahimzahe-Mousavi, H.A.; Mirzargar, S.; Taheri-Mirghaed, A.; Rouholahi, S.; Ghodratnama, M.
Shirazi thyme (Zataria multiflora) essential oil suppresses the expression of the epsD capsule gene in Lactococcus garvieae, the cause
of lactococcosis in farmed fish. Aquaculture 2014, 433, 143-147. [CrossRef]

Moghimi, S.M.; Soltani, M.; Mirzargar, S.S.; Ghodratnama, M. Effects of Eucalyptus camaldulensis, Mentha pulegium, Aloe vera
essences and chloramine T on growth behavior of Streptococcus iniae and Lactococcus garvieae the causes of streptococcosis/
lactococcosis in farmed rainbow trout (Oncorhynchus mykiss). J. Fish. 2013, 66, 105-118. [CrossRef]


http://doi.org/10.1155/2018/5432497
http://doi.org/10.1111/1365-2644.12017
http://doi.org/10.1016/j.fsi.2019.09.031
http://doi.org/10.1111/raq.12295
http://doi.org/10.3168/jds.2016-11143
http://www.ncbi.nlm.nih.gov/pubmed/27743665
http://doi.org/10.1016/0163-4453(90)94149-T
http://doi.org/10.1136/jcp.44.2.152
http://doi.org/10.1136/jcp.46.11.1057
http://doi.org/10.1002/ajh.2830500116
http://www.ncbi.nlm.nih.gov/pubmed/7668230
http://doi.org/10.1016/j.diagmicrobio.2006.04.011
http://www.ncbi.nlm.nih.gov/pubmed/16757143
http://doi.org/10.3354/dao01868
http://doi.org/10.1080/08997659.2013.837118
http://www.ncbi.nlm.nih.gov/pubmed/24689953
http://doi.org/10.1111/jfd.12813
http://doi.org/10.1111/j.1574-6968.1990.tb04132.x
http://doi.org/10.1128/AEM.01852-06
http://www.ncbi.nlm.nih.gov/pubmed/17337536
http://doi.org/10.1016/j.jep.2005.04.025
http://www.ncbi.nlm.nih.gov/pubmed/15964727
http://doi.org/10.4194/trjfas.2009.0209
http://doi.org/10.3906/biy-0805-18
http://doi.org/10.1080/13102818.2015.1006445
http://doi.org/10.4314/tjpr.v16i12.14
http://doi.org/10.19113/sdufbed.65047
http://doi.org/10.17216/limnofish.379784
http://doi.org/10.22392/actaquatr.549380
http://doi.org/10.1080/0972060X.2014.884770
http://doi.org/10.3923/jms.2013.367.372
http://doi.org/10.1016/j.fsi.2017.10.016
http://doi.org/10.1016/j.aquaculture.2014.05.024
http://doi.org/10.22059/JFISHERIES.2013.35468

Vet. Sci. 2021, 8, 181 22 of 22

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Ansari, M.; Soltani, M.; Hosseini, S.E.; Kamali, K. Study of antibacterial effect of Mentha longifolia essential oil on Lactococcus
garvieae in rainbow trout fillet at 4 °C. Res. Opin. Anim. Vet. Sci. 2014, 4, 556-559.

Rafiee Pour, A.; Mirzargar, S.S.; Soltani, M.; Mousavi, H.A.E. The antibacterial effects of Cuminum cyminum L. and Rosmarinus
officinalis extracts and essential oil against Lactococcus garvieae in laboratory conditions. Eur. ]. Exp. Biol. 2014, 4, 456—463.
Roomiani, L.; Soltani, M.; Akhondzadeh-Basti, A.; Azadeh, M. Effect of Rosmarinus officinalis essential oil and nisin on Streptococcus
iniae and Lactococcus garvieae in a food model system. J. Aquat. Food Prod. Technol. 2017, 26, 1189-1198. [CrossRef]

Maki, T.; Hirono, I.; Kondo, H.; Aoki, T. Drug resistance mechanism of the fish-pathogenic bacterium Lactococcus garvieae. J. Fish
Dis. 2008, 31, 461-468. [CrossRef] [PubMed]

Chang, C.-C.; Tan, H.-C.; Cheng, W. Effects of dietary administration of water hyacinth (Eichhornia crassipes) extracts on the
immune responses and disease resistance of giant freshwater prawn, Macrobrachium rosenbergii. Fish Shellfish Immunol. 2013, 35,
92-100. [CrossRef] [PubMed]

Chang, C.C.; Cheng, W. Multiple dietary administrating strategies of water hyacinth (Eichhornia crassipes) on enhancing the
immune responses and disease resistance of giant freshwater prawn, Macrobrachium rosenbergii. Aquac. Res. 2016, 47, 140-152.
[CrossRef]

Rufchaei, R.; Mirvaghefi, A.; Hoseinifar, S.H.; Valipour, A.; Nedaei, S. Effects of dietary administration of water hyacinth
(Eichhornia crassipes) leaves extracts on innate immune parameters, antioxidant defence and disease resistance in rainbow trout
(Oncorhynchus mykiss). Aquaculture 2020, 515, 734533. [CrossRef]

Rattanavichai, W.; Chen, Y.-N.; Chang, C.-C.; Cheng, W. The effect of banana (Musa acuminata) peels hot-water extract on the
immunity and resistance of giant freshwater prawn, Macrobrachium rosenbergii via dietary administration for a long term: Activity
and gene transcription. Fish Shellfish Immunol. 2015, 46, 378-386. [CrossRef]

Halim, A.M.; Lee, P--P.; Chang, Z.-W.; Chang, C.-C. The hot-water extract of leaves of noni, Morinda citrifolia, promotes the
immunocompetence of giant freshwater prawn, Macrobrachium rosenbergii. Fish Shellfish Immunol. 2017, 64, 457—468. [CrossRef]
Elumalai, P; Kurian, A.; Lakshmi, S.; Faggio, C.; Esteban, M.A.; Ringg, E. Herbal immunomodulators in aquaculture. Rev. Fish.
Sci. Aquac. 2021, 29, 33-57. [CrossRef]

Baba, E.; Acar, U.; Yilmaz, S.; Ontas, C.; Kesbig, O.S. Pre-challenge and post-challenge haemato-immunological changes in
Oreochromis niloticus (Linnaeus, 1758) fed argan oil against Lactococcus garvieae. Aquac. Res. 2017, 48, 4563-4572. [CrossRef]
Baba, E.; Ulukoy, G.; Ontas, C. Effects of feed supplemented with Lentinula edodes mushroom extract on the immune response of
rainbow trout, Oncorhynchus mykiss, and disease resistance against Lactococcus garvieae. Aquaculture 2015, 448, 476-482. [CrossRef]
Ulukoy, G.; Baba, E.; Ontas, C. Effect of oyster mushroom, Pleurotus ostreatus, extract on hemato-immunological parameters of
Rainbow trout, Oncorhynchus mykiss. . World Aquac. Soc. 2016, 47, 676-684. [CrossRef]

Selvaraj, V.; Sampath, K.; Sekar, V. Administration of yeast glucan enhances survival and some non-specific and specific immune
parameters in carp (Cyprinus carpio) infected with Aeromonas hydrophila. Fish Shellfish Immunol. 2005, 19, 293-306. [CrossRef]
Diler, O.; Gormez, O.; Diler, I.; Metin, S. Effect of oregano (Origanum onites L.) essential oil on growth, lysozyme and antioxidant
activity and resistance against Lactococcus garvieae in rainbow trout, Oncorhynchus mykiss (Walbaum). Aquac. Nutr. 2017, 23,
844-851. [CrossRef]

Gholamhosseini, A.; Hosseinzadeh, S.; Soltanian, S.; Banaee, M.; Sureda, A.; Rakhshaninejad, M.; Ali Heidari, A.; Anbazpour, H.
Effect of dietary supplements of Artemisia dracunculus extract on the haemato-immunological and biochemical response, and
growth performance of the rainbow trout (Oncorhynchus mykiss). Aquac. Res. 2020. [CrossRef]

Raissy, M.; Hashemi, S.; Roushan, M.; Jafarian, M.; Momtaz, H.; Soltani, M.; Pirali Kheirabad, E. Effects of essential oils of Satureja
bachtiarica and Nigella sativa on the efficacy of lactococcosis vaccine in rainbow trout (Oncorhynchus mykiss). Iran. J. Fish. Sci.
2018, 17, 95-106.

Bilen, S.; Sirtiyah, A.M.A; Terzi, E. Therapeutic effects of beard lichen, Usnea barbata extract against Lactococcus garvieae infection
in rainbow trout (Oncorhynchus mykiss). Fish Shellfish Immunol. 2019, 87, 401-409. [CrossRef]

Paliya, B.; Bajpai, R.; Jadaun, V.; Kumar, J.; Kumar, S.; Upreti, D.; Singh, B.; Nayaka, S.; Joshi, Y.; Singh, B.N. The genus Usnea:
A potent phytomedicine with multifarious ethnobotany, phytochemistry and pharmacology. RSC Adv. 2016, 6, 21672-21696.
[CrossRef]

Dawood, M.A.; Koshio, S.; Esteban, M. A. Beneficial roles of feed additives as immunostimulants in aquaculture: A review. Rev.
Aquac. 2018, 10, 950-974. [CrossRef]

Alagawany, M.; Farag, M.R.; Abdelnour, S.A.; Elnesr, S.S. A review on the beneficial effect of thymol on health and production of
fish. Rev. Aquac. 2021, 13, 632-641. [CrossRef]

Victor, K.K.; Séka, Y.; Norbert, K.K.; Sanogo, T.A.; Celestin, A.B. Phytoremediation of wastewater toxicity using water hyacinth
(Eichhornia crassipes) and water lettuce (d triphenylborane pyridine to marinPistia stratiotes). Int. J. Phytoremediat. 2016, 18, 949-955.
[CrossRef] [PubMed]

Mukti, A.T.; Dewi, E.; Satyantini, W.H.; Sulmartiwi, L.; Hassan, M. The effect of noni Morinda citrifolia L. fruit extracts on the gill
histopathological changes of Nile tilapia Oreochromis niloticus. IOP Conf. Ser. Earth Environ. Sci. 2019, 236. [CrossRef]
Dolezelova, P.; Macov4, S.; Plhalova, L.; Pistekova, V.; Svobodova, Z. The acute toxicity of clove oil to fish Danio rerio and Poecilia
reticulata. Acta Vet. Brno. 2011, 80, 305-308. [CrossRef]

Oliveira, I.B.; Beiras, R.; Thomas, K.V.; Suter, M.].-E.; Barroso, C.M. Acute toxicity of tralopyril, capsaicin and triphenylborane
pyridine to marine invertebrate’s. Ecotoxicology 2014, 23, 1336-1344. [CrossRef] [PubMed]


http://doi.org/10.1080/10498850.2015.1068424
http://doi.org/10.1111/j.1365-2761.2008.00927.x
http://www.ncbi.nlm.nih.gov/pubmed/18471102
http://doi.org/10.1016/j.fsi.2013.04.008
http://www.ncbi.nlm.nih.gov/pubmed/23603238
http://doi.org/10.1111/are.12477
http://doi.org/10.1016/j.aquaculture.2019.734533
http://doi.org/10.1016/j.fsi.2015.06.031
http://doi.org/10.1016/j.fsi.2017.03.045
http://doi.org/10.1080/23308249.2020.1779651
http://doi.org/10.1111/are.13282
http://doi.org/10.1016/j.aquaculture.2015.04.031
http://doi.org/10.1111/jwas.12318
http://doi.org/10.1016/j.fsi.2005.01.001
http://doi.org/10.1111/anu.12451
http://doi.org/10.1111/are.15062
http://doi.org/10.1016/j.fsi.2019.01.046
http://doi.org/10.1039/C5RA24205C
http://doi.org/10.1111/raq.12209
http://doi.org/10.1111/raq.12490
http://doi.org/10.1080/15226514.2016.1183567
http://www.ncbi.nlm.nih.gov/pubmed/27159271
http://doi.org/10.1088/1755-1315/236/1/012093
http://doi.org/10.2754/avb201180030305
http://doi.org/10.1007/s10646-014-1276-9
http://www.ncbi.nlm.nih.gov/pubmed/24994544

	Introduction 
	Diseases Caused by Lactococcus Members in Aquaculture 
	Disease Caused by L. garvieae 
	Current Problems Associated with L. garvieae Infection 

	Diseases Caused by Other Species of Lactococcus Genus 

	Phytotherapy of Lactococcosis in Aquaculture 
	In Vitro Studies 
	In Vivo Studies 

	Conclusions 
	References

