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DISEASES CAUSED BY BACTERIA OF THE AEROMONAS AND
PSEUDOMONAS GENUS WHEN REARED FISH
IN CONTROLLED SYSTEMS

Agquaculture represents a higher share of world fish supply and a strong influence on price forma-
tion in the sector overall (both production and trade). The total sale value of fisheries and aquaculture
production in 2016 was estimated at USD 362 billion, of which USD 232 billion was from aquaculture
production. Between 1961 and 2016, the average annual increase in global food fish consumption (3.2
percent) outpaced population growth (1.6 percent) and exceeded that of meat from all terrestrial ani-
mals combined (2.8 percent). By creating optimal growing conditions such as temperature, oxygen and
hydrochemical regimes, the growth and sexual maturation of fish is significantly reduced, which contrib-
utes to the development of industrial aquaculture. However, the rapid development of aquaculture is ac-
companied by outbreaks of diseases caused by bacterial infection, which lead to high mortality and cata-
strophic economic losses. Mass outbreaks can occur suddenly under the influence of stress factors arising
in connection with a sharp change in conditions of detention, as well as an increase in planting densities
of rearing objects. The most severe bacterial diseases in aquaculture are infections caused by members
of the Aeromonas and Pseudomonas genus. Bacteria of the Aeromonas and Pseudomonas genus are the
causative agents of hemorrhagic septicemia (Aeromonas hydrophila, Pseudomonas fluorescens), furun-
culosis (Aeromonas salmonicida), which annually cause economic losses in aquaculture. Nowadays, due
to widespread and often uncontrolled use of antibiotics, the number of bacteria resistant to antibiotics
has increased dramatically and is the main cause of morbidity and mortality. This phenomenon can not
only lead to the failure of antimicrobial therapy, but also raise concerns about the safety of fish products.

This review examines the current data on fish diseases caused by bacteria of the Aeromonas and
Pseudomonas genus, dominant virulence factors, problems of identification and antibiotic resistance.
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PeTTeAeTiH XyieAep araaiblHAA 0aAbIK, ©cipy Ke3iHae Aeromonas XoHe
Pseudomonas TyKbIMAQApPbIHbIH, 6aKTePUSIAApPbI TYAbIPATbIH aypyAapbl

OAEMAIK DaAblK, BHAIPICIHAEr aKBaKyAbTypaHblH YAECi ©Te >KOFapbl >XOHEe OCbl 3KOHOMMKA
CEeKTOPbIHAAFbI (BHAIPIC >X8He cayAa CaAacbliHAQ) OHIMHIH >KaArMbl KYHbIHbIH, KaAbINTacyblHa acepi Ae
KETKIAIKTI agpexeae. 2016 XKbiAbl GaAblK, ayAdy >KoHe akBaKyAbTypa OHIMAEpPIH caTyAblH >KaArmbl
KYHbl 362 mMApa AKLL aoarapbiH Kypaca, oHblH 232 MApA AKLLL AoAAapbl akBakyAbTypa eHiMiHeH
TYCKeHi aHbIKTaAAbl. 1961-2016 >XblAAAp apaAbIFbIHAQ a3blK-TYAIK GAAbIKTapblH OAEMAIK TYTbIHYAbIH
opTatla XbIAAbIK, 6cyi (3,2 naibi3) NOMyASUMSHbIH ecyiHeH 1,6 naiibi3ra acbin, G6aAPAbIK, KYPAbIKTaFbl
>KaHyapAapAblH, €TiH TYTbIHyAaH 2,8 narbi3fFa acbin TyCTi. Temnepartypa, OTTeri XaHe rmAPOXMMUSIABIK,
PEXMMAEP CUSKTbl OHTAMAbI BCIPY XKaFAaMAapbIH Xacay apKblAbl GaAbIKTapAbIH 6CYi MEH XbIHbICTbIK,
XKETIAY YaKbITbl €A8YIp KbICKapaAbl, OYA OHAIPICTIK akBaKyAbTYpa CAaAaCbIHbIH, AAMyblHA bIKMAA €TEAI.
AAanaa, akBakKyAbTypaHblH KapKbIHAbI AaMybl GAKTEPUSAbIK, MH(EKUMSIAAH TybIHAAFaH aypyAapAblH
epulyiMeH YIMAECIN OTbipAbl, OYA 6GaAbIKTapAblH >KOFapbl AEHIEMAE OAYiHE, aA OA 63 Ke3eriHae
LIEKTEH TbIC 3KOHOMMKAAbIK, LbIFbIHAAPFA SKeAAl. MHMEKUMSIABIK aypyAapAbiH epluyi, 6aAbiKTapAbl
ecipy >KaFAarAapblHbIH, KYPT e3repyiHe, COHAaM-aK, OGaAbIKTapAblH, OEAriAi 6ip KeAemre KatbICTbl
ThIFbI3AbIFbIHBIH apPTYblHA 6aMAQHBICTbI TYbIHAAQWTbIH CTPECCTIK (DaKTOPAAPAbIH, 8CepiHEH Te3 apaaa
namaa GOAYbl MYMKiH. AKBaKyAbTypaAarbl eH ayblp 6GakTepusiabiK, aypyAap 6y Aeromonas >keHe
Pseudomonas TykpbIMAACbIHA >KaTaTbiH GakTepPUs TYPAEPI TyAblpaTbiH MHdeKUuMsAAap. [emMopparnsAbik,
centuuemns (Aeromonas hydrophila, Pseudomonas fluorescens), dypyHkyao3 (Aeromonas salmoni-
cida) aypyAapblH K03AblpaTbiH Aeromonas >kaHe Pseudomonas TyKbIMAACbIHbIH GakTepust TypAepi
aKBaKyAbTYpa OHAIPICIHAETT WEKTEH ThIC 3KOHOMMKAABIK, LIbIFbIHAAPAbIH, cebentepi 60AbIN TabblAaAbl.
Kasipri yakbITTa aHTMOMOTUKTEPAIH, el 6AKbIAQYCbI3 KEHIHEH >KoHE XKUi KOAAAHbIAYbIHA GaiAaHbICTbI,
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aHTUOMOTHKTEPre TO3IMAI OAKTEPUSIAAPABIH CaHbl KYPT ©CTi >koHe OCbl GakTepmsAap akBakyAbTypa
eHAjpiciHaeri 6aAblk, ©AIMIHIH Heri3ri cebebi 60AbIN TabbiraAbl. ByA KyObIAbIC MMKPOOKA Kapcbl
TepanmsiHbIH, COTCI3AIriHe FaHa emMec, COHbIMEH KaTap 6aAblK, OHIMAEPIHIH aAamFa KATbICTbl Kayinci3Airi
AAQHAQATYLLBIABIK, TYABIPbIM OTbIP.

bya woayaa Aeromonas >xaHe Pseudomonas TyKbIMAACbiHbIH OakTepust TYpAepi TyAblpaTbiH
aypyAap, BUPYAEHTTIAIKTIH AOMMHAHTTbI (DAaKTOPAApbl, OAKTEPUSIAAPAbI MAEHTU(MUKALUMSIAAY XKOHE
aHTMOMOTHKTEPre TO3IMAIAIKTIH KaAbINTacybl TypaAbl npobAemasapra KaTbICTbl Kasipri 3amaHfbl
MBAIMETTEP KapaCTbIPbIAAAbI.

Tyiin cesaep: akBakyAbTypa, OaKTepUSIAbIK, aypyAap, Aeromonas spp., Pseudomonas spp.,
TO3IMAIAIK.
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3aboAeBaHMsl, Bbi3biBaeMble OaKTepusiMu POAOB Aeromonas v
Pseudomonas npu BbipalLMBaHWUU PblO B YCAOBUSIX PErYAMPYEMbIX CUCTEM

AKBaKyAbTypa NpeAcTaBAsieT 60Aee BbICOKYIO AOAID MUPOBOrO NMPOU3BOACTBA PbiObl 1 OKa3blBAET
CUAbHOE BAMSIHME Ha LieHoOOpa3oBaHME B CEKTOpPE B LIEAOM (Kak MPOU3BOACTBE, TaK U TOPrOBAE).
YCTaHOBAEHO, UTO 06Las CTOMMOCTb NMPOAAXKM MPOAYKLMM PbIGOAOBCTBA M aKBAKYAbTYPbI B 2016 roay
oLeHmBaAacb B 362 MApA aoarapoB CLLA, n3 koTopbix 232 MApA aoAarapoB CLLIA npuxoaMAoch Ha
NPOAYKUMIO aKBaKyAbTypbl. B meproa ¢ 1961 no 2016 roa CpeAHEroAoBoe yBEAMUYEHME MUPOBOIro
notpebAeHus nuwesor pbibbl (3,2 NpoueHTa) onepexkaao pocT nonyAsumu (Ha 1,6 npoueHTa) u
MPEeBbILLAAO MOTPEBAEHME MSCa BCEX HA3EeMHbIX >KMBOTHbIX, BMeCTe B3sTbiX (Ha 2,8 npoueHTa). 3a
CUET CO3AaHMS OMTUMAAbHbBIX YCAOBMI BbIPALMBAHMUS TaKMX KakK TemrepaTypHbli, KUCAOPOAHbIA
N TMAPOXMMMUYECKMIA PEXUMBI, 3HAUMTEABHO COKPALLAOTCS CPOKM POCTa M MOAOBOrO CO3pPEBAHMS
pblb, UTO CNOCOGCTBYET PA3BUTUIO MHAYCTPMAALHOM akBakyAbTypbl. OAHaAKo OblCTpoe pasBuTHe
AKBaKYyAbTYPbl COMPOBOXAQAETCS BCrbllKamM 3a60AeBaHUiA, BbI3BAHHbIX GAKTEPUAALHON MHDEKUMEN,
KOTOpPbIE NPUBOASAT K BbICOKOM CMEPTHOCTU M KaTaCTPONYECKMM SKOHOMUYECKMM NoTepsiM. MaccoBble
BCIbILLIKM MOTYT MPOUCXOANTb BHE3AMHO MNOA AENCTBMEM CTPECCOBbIX (haKTOPOB, BO3HUKAIOLLMX B CBSI3M
C PE3KMM M3MEHEHUEM YCAOBUI COAEPIKAHUS, a TaKXKE YBEAMYEHMEM MAOTHOCTEN NMOCAAOK OObEKTOB
BblpalumBaHus. Hanboaee TsxkeAbiMy GakTepuabHbiMK 3a00AEBAHMSMM B aKBAKYAbTYpPE SIBASIOTCS
MHGEKLMM, BbI3blBaEMble MPEACTaBUTEAIMU POAOB Aeromonas u Pseudomonas. baktepun poaos
Aeromonas 1 Pseudomonas sBASl0TCSl BO3GYAUTEASIMM remopparmueckoin centuuemmn (Aeromonas hy-
drophila, Pseudomonas fluorescens), dypyHkyaesa (Aeromonas salmonicida), exkeroAHO SBASIOLLMECS
NpUYMHaMM 3KOHOMMYECKMX MOTepb B akBakyAbType. B HacTosilee Bpems M3-3a LUMPOKOro M
YaCTO HEKOHTPOAMPYEMOIO MCMOAb30BaHMS AHTUOMOTUKOB KOAMYECTBO GakTepuii, YCTOMUYMBBIX K
AHTMOMOTMKAM, PE3KO BO3POCAO U SIBASIETCS OCHOBHOM NMPUUMHONM 3a60AEBAEMOCTU 1 CMEPTHOCTU. DTO
SBAEHME MOXET He TOAbKO MPUBECTU K HEyAaye aHTUMMKPOOHOW Teparuu, HO U Bbi3BaTb OMaceHus
OTHOCUTEAbHO 6€30MacHOCTU PbiBGHBIX MPOAYKTOB.

B HacTosllemM 0630pe paccMaTpMBAIOTCS COBPEMEHHbIE AaHHbIE O 3a60AEBaHMSX Pbl6, Bbi3blIBaeMble
6akTepusMu posoB Aeromonas 1 Pseudomonas, AOMUHUPYIOLLMX haKTOpax BUPYAEHTHOCTH, MTPOBAEMbI
MAEHTUMKALMM U YCTOMUYMBOCTM K aHTUOMOTUKAM.

KAtoueBble cAOBa: akBakyAbTypa, GakTepuasbHble 3ab6oaeBaHus, Aeromonas spp., Pseudomonas
SPP., PE3NCTEHTHOCTb.

Introduction

Growing fish in aquaculture contributes to the
conservation of biological diversity, and is also
aimed at providing the world’s population with ad-
ditional protein as a necessary daily nutritional com-
ponent of the human diet.

It should be noted that aquaculture represents
a higher share of world fish production and has a
strong influence on pricing in the sector as a whole
(both production and trade). Thus, the total sales
value of fishery and aquaculture products in 2016

was estimated at US $ 362 billion, of which US $
232 billion accounted for aquaculture products. Be-
tween 1961 and 2016, the average annual increase in
global food fish consumption (3.2 percent) outpaced
population growth (1.6 percent) and exceeded the
consumption of meat of all land animals combined
(by 2.8 percent) [1].

The most severe bacterial diseases in sturgeon
aquaculture are infections caused by bacteria of the
genera Pseudomonas and Aeromonas. Today, due to
the widespread and often uncontrolled use of antibi-
otics, the number of antibiotic-resistant bacteria has
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increased dramatically and is the leading cause of
morbidity and mortality. This phenomenon can not
only lead to the failure of antimicrobial therapy, but
also raise concerns about the safety of fish products.
For this reason, new strategies to combat these drug-
resistant pathogens are urgently needed.

In the conditions of industrial aquaculture,
where artificial conditions for fish farming are cre-
ated, there is no dependence on the climatic and
geographical characteristics of the area, which al-
lows fish to be raised in fairly optimal conditions
[2]. The main fish species that are objects of culti-
vation in industrial aquaculture are representatives
of the families: sturgeon (Acipenseridae), salmon
(Salmonidae), cyprinids (Cyprinidae), catfish (Silu-
ridae), etc. [3-6]. The objects of cultivation — fish
are cold-blooded animals, the body temperature of
which depends on the temperature regime of the
habitat, thus water as a habitat for fish has a direct
effect on their general physiological state. In aquatic
conditions, bacteria spread faster than in soil and
air [7], in this regard, fish are most vulnerable to
bacterial pathogens that cause fish diseases. In the
conditions of industrial aquaculture, when fish are
constantly in a confined space limited by pools and
other containers, the risk of bacterial diseases in fish
increases by several orders of magnitude [8]. In this
regard, enterprises focused on the artificial repro-
duction of fish pay special attention to measures for
the prevention and treatment of fish. Identifying a
pathogenic agent takes a lot of time and money. It is
often impossible to clinically identify the pathogen,
since bacteria can have an indistinguishable nega-
tive effect on the fish organism. Unqualified identi-
fication of the pathogen followed by inappropriate
treatment can negatively affect the development of
the disease and lead to the death of fish.

Biology of bacteria of the Aeromonas genus

Aeromonas hydrophila is one of the most
widespread representatives of the Aeromonas ge-
nus, which includes 36 species [9]. Bacteria of
the Aeromonas genus are characterized as non-
spore-forming gram-negative bacilli, the major-
ity (A.hydrophila, A.caviae, A.sobria, A.veronii)
are mobile except for A.salmonicida, facultative
anaerobes, oxidase-positive, the optimal tempera-
ture is in the range from 22 to 28°C, grow at 37°C
[10]. In a study by Altwegg M. et al. (1990), it was
found that 96% of A.hydrophila, 96% of A.sobria,
94% of A.caviae showed motility. About 80% of
A.hydrophila and A.sobria and only 5% of A.caviae
are capable of fermenting glucose to form gas [11].

Bacteria of the Aeromonas genus are ubiqui-
tous in soil, in water, and are also found in food
[12]. The soil serves as a so-called reservoir for
cytotoxic and invasive strains of bacteria of the
Aeromonas genus. Bacterial strains A.hydrophila,
A.caviae, A.sobria being in the soil are able to
maintain virulence factors for up to 5 months,
and therefore there is a risk of human infection,
directly related to land work [13]. While the risk
of human contamination through soil may be in-
direct, food has a direct impact on health. Bacte-
ria of the Aderomonas genus inhabit foods such as
raw meat, raw fish, milk and dairy products. It has
been shown that bacteria isolated from 56.8% and
43.1% products are identified as A.hydrophila and
A.sobria, respectively [14].

In the studies of Burke V. et al. (1984), bacteria
of the genus Aeromonas were identified in the sam-
ples both from open water bodies and from drinking
water, and it was also shown that chlorination un-
der drinking water standards reduces the number of
bacteria, but does not completely exclude them [15].

The bacteria are well adapted to aquatic life,
making them dangerous to most aquatic animals.
Fish species exposed to diseases caused by aeromo-
nads are presented in Table 1.

Table 1 — Fish species exposed to diseases caused by bacteria of
the Aeromonas genus in aquaculture

Causative Refer-
agent of the Object of study
. ences
disease
Acipenser baerii [16]
Acipenser gueldenstaedtii [17]
Acipenser schrenckii [18]
Aeromonas . . .
Ivdrophila Acipenser sinensis [19]
varop Oncorhynchus mykiss [20]
Cyprinus carpio L. [21]
Clarias gariepinus [22]
Aeromonas Clarias gariepinus [23]
caviae Oreochromis niloticus [24]
Aeromonas Acipenser baerii [17]
sobria Clarias betrachus [25]
Acipenser stellatus,
[26]
Aeromonas Huso huso [27]
veronii Oreochromis niloticus [28.29]
Carassius gibelio ’
Oncorhynchus masou [30]
Aeromonas .
. Oncorhynchus kisutch [31]
salmonicida .
Carassius auratus [32]
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Virulence factors of bacteria of the 4eromo-
nas genus

The pathogenicity of bacteria of the Aeromo-
nas genus is due to the presence of virulence genes
encoding a large number of extracellular proteins,
such as aerolysin (AerA), hemolysin (HlyA), cyto-
tonic heat-labile enterotoxin (Alt), cytotonic heat-
resistant toxin (Ast), cytotoxic heat-labile enterotox-
in (Act), lipase (Lip), elastase (Ela), serine protease
(Ser), DNase (Exu), polar flagellum (fla), and lateral
flagella (laf) [33]. The pathogenic mechanism of
their action is based on the use of a special protein
secretion system (T2SS and T3SS), which exports
virulence factors directly into the host cells. The
widely conserved T2SS secretion system is present
in all known representatives of A. hydrophila and
is an integral part of the extracellular secretion of a
wide range of virulence factors, including aerolysin,
amylases, DNases and proteases [34, 35].

Type IIl Secretion Systems T3SS, or injec-
tosome, one of several types of bacterial secre-
tion systems, is a protein complex found in sev-
eral gram-negative bacteria, including members
of the Aeromonas genus. Through the needle-like
structure, the secreted effector proteins toxins are
transported directly from the bacterial cell to the
eukaryotic host cell, where they have a number of
effects that help the pathogen to survive and avoid
an immune response. The T3SS secretion system is
more common in clinical Aeromonas isolates than in
aqueous isolates [36, 37].

Isolates of A.hydrophila isolated from fish are
characterized by the presence of the following viru-
lence genes: Lip (100%), Ela (100%), Exu (30%),
Ast (30%), Act (95%), Hly (76), Aer, Ser (100%)
[34]. Six virulence genes (aer, alt, ahyB (Ela), gcaT
(gene encoding cholesterol acyltransferase), lip
and ser) were found in the isolated A.veronii strain
(CFJY-623) from infected with Carassius auratus
gibelio [29]. It is noted that the most common viru-
lence factors among bacteria of the Aeromonas ge-
nus are pore-forming toxin — aerolysin and exotoxin
— hemolysin [36, 38].

Fish diseases caused by bacteria of the
Aeromonas genus

Aeromonosis (bacterial hemorrhagic septice-
mia, motile Aeromonas septicaemia (MAS)) and
furunculosis are among the most common diseases
of fish, both in the natural environment and in artifi-
cial conditions. The causative agents of aeromono-
sis (also hemorrhagic septicemia, rubella of the fins

and tail) are the following types of bacteria of the
Aeromonas genus: Aeromonas hydrophila, Aeromo-
nas sobria, Aeromonas caviae, etc., Aeromonas sal-
monicida (furunculosis). Bacteria can enter the fish
organism through open damage to the skin and gills,
as well as during food consumption [39, 40].

When sturgeons are infected with the
A.hydrophila bacterium, mortality can reach 100%,
which represents large economic losses in the fishing
industry [41]. For example, for the Amur sturgeon
(Acipenser schrenckii) the lethal dose of Aeromonas
hydrophila was 1.17x10” CFU/ml! [18], the mean
lethal dose of the Aeromonas veronii isolate (CFJY -
623) for the silver Prussian carp (Carassius auratus
gibelio) was 1.31x10” CFU/ml [29].

Aeromonosis or bacterial hemorrhagic septice-
mia (motile Aderomonas septicaemia, MAS) in fish
can manifest itself clinically as bleeding, abscesses
in different parts of the body, mainly in the fins and
tail, accumulation of ascitic fluid in internal organs,
anemia, and also in more severe cases of infection,
the formation of numerous ulcers on the fish body
is noted [39]. The formation of ulcers on the body
is a consequence of muscle necrosis, which occurs
due to the presence of the virulence factor exotoxin
A in representatives of bacteria of the Aeromonas
genus, which promotes tissue decomposition [42].
It is noted that in the USA from motile Aeromo-
nas septicaemia (MAS), which is characterized by
a massive outbreak in catfish raised in aquaculture,
the losses amounted to § 12 million [43]. Among
the bacterial isolates isolated from sturgeon fish,
the largest percentage 38.71 falls on Aeromonas hy-
drophila, 13.98% Aeromonas sobria, 13.98% were
representatives of the Pseudomonas genus [44]. In
sturgeon fish infected with Aderomonas hydrophila,
the following clinical signs are noted: darkening of
the skin, numerous hemorrhages in the head and ab-
domen, as well as on the fins [45]. When Ictalurus
punctatus is infected with the bacterium Aeromonas
hydrophila, 50% of the mortality is achieved within
12 hours after infection, and by 72 hours the mortal-
ity rate increases to 95% [46].

Furunculosis is a disease of mainly salmonids
(Salmonidae) caused by the bacteria Aeromonas
salmonicida, a member of the Aeromonas genus.
As well as Aeromonas hydrophila, Aeromonas
salmonicida causes economic losses in fish farm-
ing, especially in the cultivation of Atlantic salmon
(Salmon salar) in offshore farms, as well as in open
water [47]. Furunculosis is characterized by a high
proportion of morbidity and mortality rates in fish.
During the period of infection with Aeromonas sal-
monicida, so-called boils are formed in fish, which
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are necrotic formations with a purulent exudate in-
side. In sick fish, there is a darkening of the skin,
hemorrhages in the internal organs and on the fins,
as well as a noticeable decrease in activity, a drop in
the consumption of compound feed [40].

The serine protease encoded by the AspA gene
in Aeromonas salmonicida liquefies the muscle tis-
sue of diseased fish, thereby facilitating the forma-
tion of boils [48].

Thus, in the studies of Lin Q. et al. (2019),
the death of the Chinese perch (Siniperca chuatsi)
occurred within 2 weeks, with infection at a dose
of 1.2x10° CFU/fish, the mortality rate was about
70%, 90% of the mortality rate occurred at a dose of
1.2x107 CFU/fish [49].

The risk of fish contamination with Aeromonas
spp. increases when the objects of cultivation are in
a state of stress, which can arise in connection with
the occurrence of many factors, including abrupt
changes in temperature, hydrochemical composition,
high planting densities, etc. Wedemeyer G. (1970),
Mateus A.P. et al. (2017) state that during the period
when the fish is under stress the risk of infection with
bacterial pathogens increases several times, so-called
outbreaks of mass infections occur [50, 51]. There-
fore, in the studies conducted by Gao J. (2019) it was
shown that the stress hormone norepinephrine affects
the virulence of the bacteria Aeromonas hydrophila.
It was also determined that norepinephrine has a posi-
tive effect on the expression of the following viru-
lence genes (ompW, ahp, aha, ele, ahyR, ompA, fur)
Aeromonas hydrophila, which increases the level of
bacterial pathogenicity [52].

Biology of bacteria of the Pseudomonas genus

Bacteria of the Pseudomonas genus represent a
large group of 144 species. Pseudomonas are char-
acterized as gram-negative movable rods, the mobil-
ity of which is carried out due to the presence of a
single or several polar flagella. Representatives of
the Pseudomonas genus are able to survive in a fair-
ly wide temperature range from 4 (P.fluorescens) to
41°C (P.aeruginosa). P.aeruginosa, P.fluorescens,
P.putida are united in the group of bacteria with
fluorescent diffusing pigments [10, 53]. Thus,
P.aeruginosa, P fluorescens, and others are capable
of producing a yellow-green fluorescent pigment
known as pyoverdin, this feature is often used to dif-
ferentiate bacteria of the Pseudomonas genus [54].
Bacteria of the Pseudomonas genus are ubiquitous
in soil and water. And also bacteria are causative
agents of various diseases in plants, animals and hu-
mans [55].

P.aeruginosa is one of the most widespread spe-
cies of bacteria of the Pseudomonas genus in the soil.
Therefore, in the studies of Green S. et al. (1974), 58
soil samples were taken in various agricultural ar-
eas of California, of which 24% of the sample con-
tained the P.aeruginosa bacterium. Thus, the soil is
a reservoir for bacteria of the Pseudomonas genus
[56]. The authors note that the widespread preva-
lence of bacteria of the Pseudomonas genus in soil
represents a large community of bacteria, which is
an important factor in stimulating plant growth and
biological control of pathogenicity [57, 58].

Bacteria of the Pseudomonas genus are also
common in water, for example, P.aeruginosa iso-
lates were isolated from rivers, lakes, and open
ocean waters [59]. Besides natural bodies of wa-
ter, Pseudomonas spp. quite often found in drink-
ing water and water supply systems, and therefore
there is a risk of human infection with a bacterial
pathogen. In addition, isolates isolated from drink-
ing water samples often exhibit a high level of
antibiotic resistance, which is the cause of many
clinical diseases [60, 61]. For example, bacte-
ria, Pseudomonas aeruginosa and Pseudomonas
maltophilia, represent about 80% of all clinical
human diseases caused by representatives of the
Pseudomonas genus [53].

Bacteria of the Pseudomonas genus, being
widespread inhabitants of water, pose a great danger
to most aquatic organisms, for example, such fish
species (Table 2) and marine mammals (Zalophus
californianus, Phoca vitulina) [62]. In fish, the most
common pathogens from the Pseudomonas genus
are the following species: P.fluorescens, P.putida
and P.aeruginosa.

Table 2 — Major pathogens causing pseudomonosis disease in
aquaculture

Causatlvc'e agent of the Object of study Refer-
disease ences
Pseudomonas Cyprinus carpio,
aeruginosa Oreochromis niloticus,
Clarias gariepinus [63]
Pseudomonas Acipenser baerii [64, 17]
fluorescens Clarias gariepinus,
Oreochromis niloticus,
Liza ramada [65]
Pseudomonas putida Acipenser baerii [17]
Oncorhynchus mykiss [66]
Liza ramada [65]
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Virulence factors of bacteria of the Pseudo-
monas genus

As pathogenic microorganisms of many animals
and humans, bacteria of the Pseudomonas genus are
characterized by the presence of the following viru-
lence factors: endotoxin, thermostable hemolysin,
proteases (elastase, alkaline), exoenzyme S, toxin
A, etc. About 90% of all species of bacteria of the
Pseudomonas genus are capable of producing toxin
A, the most dangerous from virulence factors [53].
In the studies of Haghi F. et al. (2018), the isolated
P.aeruginosa isolates contained 14 virulent genes.
For example, 97.8% of the strains contained toxA
(encoding toxin A), 96.7% plcH (hemolytic phos-
pholipase C), 96.7% phzl (phenazine operons),
93.1% exoY (adenylate cyclase), 20.4% exoT (exo-
toxin T) [67]. Studies of P.aeruginosa isolates from
food are also pathogenic. So isolates isolated from
meat contained the following virulence genes 96.7%
of the strains studied contained the lasB (LasB elas-
tase) and exoS (exozyme S) gene, 74.5% algD (al-
ginate), 72.1% plcH (phospholipase C). Strains iso-
lated from fresh fish contained 71.4% lasB, 77.5%
algD, 75.5% plcH and 67.3% exoS [68].

Fish diseases caused by bacteria of the Pseu-
domonas genus

Pseudomonosis (also fin rot, hemorrhagic sep-
ticemia) is characterized as an infectious disease of
fish that live in natural reservoirs, as well as those
grown in regulated systems. The main causative
agents of pseudomonosis are bacteria: Pseudomo-
nas fluorescens, Pseudomonas putida, Pseudomo-
nas aeruginosa, Pseudomonas plecoglossicida,
Pseudomonas anguilliseptica [69, 70]. Bacteria of
the Pseudomonas genus are representatives of the
intestinal microflora of many fish. Sivakami R. re-
vealed that in the studied species of cyprinids (Catla
catla, Labeo rohita, Cirrhinus mrigala, Cyprinus
carpio), more than 50% of intestinal bacteria are
bacteria Escherichia coli and Pseudomonas aeru-
ginosa [71]. Under these conditions, there is a risk
of mass fish diseases caused by stress in connection
with changes in the environment, which include
changes in temperature, oxygen, and hydrochemical
regimes [72].

Hemorrhagic septicemia is the cause of high fish
mortality in aquaculture. The pathogenicity of most
bacteria of the Pseudomonas genus is character-
ized by the presence of virulence factors (protease,
elastase, phospholipase C, and exotoxin A), which,
in turn, are the main agents in the destruction of

muscle tissue and the occurrence of bleeding in fish
[73]. When rainbow trout (Oncorhynchus mykiss) is
infected with the bacterium Pseudomonas putida,
darkening of the skin, exophthalmia, and deep pen-
etrating ulcers in the back are noted in fish, while no
changes from the norm in the internal organs were
noted. The mortality rate of rainbow trout in water
contaminated with a bacterium (Pseudomonas pu-
tida, 5x10% CFU/ml!) was 35% [66].

Pseudomonosis and aeromonosis caused by
bacteria of the Pseudomonas and Aeromonas ge-
nus are one of the most common diseases in stur-
geon rearing in recirculating aquaculture systems
(RAS). Thus, in the studies of Sergaliyev N. et al.
(2017), of all the studied species of sturgeon fish
(Acipenser gueldenstaedtii, Huso huso, Acipenser
ruthenus, Acipenser baerii, Acipenser nudiventris
and their hybrids), about 43.7% of diseases account
for aeromonosis and pseudomonosis. In the studied
sturgeon fish with pseudomonosis, the following
clinical signs are noted: blood clots on the body, pu-
pillary constriction, and in severe forms of the dis-
ease, necrosis of muscle tissue and deep penetrating
tongues are found in fish [74]. In addition, it is noted
that the mortality of the Siberian sturgeon (Acipens-
er baerii) from the disease caused by the bacterium
Pseudomonas fluorescens in 2005 was 40% in one
of the fish farms in Italy. At the same time, the Si-
berian sturgeon (Acipenser baerii) shows changes in
internal organs, namely, swelling of the swim blad-
der and hemorrhages in the intestine [64].

Identification of bacterial pathogens of fish

In microbiology, one of the main research tasks
is to determine the belonging of microorganisms and
their systematization [75]. Identification is compli-
cated primarily by the size of the microorganisms. In
aquaculture, microorganisms are widespread, some
of them are used purposefully to solve the problems
of purification, mineralization, and disinfection of
water, others are less useful or have a completely
negative effect on fish, which often include bacteria
[76, 77]. The main methods for identifying bacterial
pathogens are the determination of morphobiologi-
cal (staining followed by microscopy), biochemical
characteristics (response chemical reactions of bac-
teria), as well as the use of molecular genetic analy-
sis (PCR, sequencing) [78].

For example, identification of bacteria of the
Aeromonas and Pseudomonas genus at the level of
morphology is quite difficult, the difficulty lies in the
fact that bacteria of these genera have almost iden-
tical morphology, since bacteria of the Aderomonas
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and Pseudomonas genus are characterized as gram-
negative rods, stained pink and red (staining by the
method Gram), bacteria are also characterized by
the presence of flagella [79]. Therefore, for a more
detailed study of pathogenic bacteria in aquaculture
with pseudomonosis and aeromonosis of fish, along
with morphobiological signs, biochemical charac-
teristics are determined. For example, standard tests
and responses are used to identify gram-negative
bacteria, which include: oxidase and indole tests,
determination of carbohydrate fermentation, ONPG
test, amino acid decarboxylation and hydrolysis
tests, gelatin dilution test, Voges-Proskauer test, ox-
idative-fermentative (OF) test, etc. [10]. In addition,
to determine the taxonomy, bacteria use differential
(selective) nutrient media, with which you can sepa-
rate bacteria by genus. For example, Aeromonas agar
is used to identify aeromonads (proteose peptone,
yeast extract, lactose, inositol, sorbitol, xylose, ly-
sine monohydrochloride, arginine monohydrochlo-
ride, sodium chloride, bile salts no. 3, sodium thio-
sulfate, ammonium iron citrate, bromolthymol blue,
thymol blue, ampicillin and agar). When Aeromonas
hydrophila grows, colonies are presented as green
with a dark center; fermentation of trehalose is also
noted [80, 81]. Pseudomonas agar (gelatin peptone,
casein hydrolyzate, potassium sulfate, anhydrous,
magnesium chloride, anhydrous, agar, cetrimide, fu-
sidic acid and cephaloridin), King’s A medium (gel-
atin peptone (pancreatic), magnesium chloride and
agar) the principle of media is based on the produc-
tion of blue-green pigment by bacteria (fluorescent
pyoverdin) [82-85]. Biochemical characteristics of
bacteria of the Aeromonas and Pseudomonas genus
isolated from diseased fish are presented in Table 3.

Table 3 — Biochemical characteristics of isolates of bacteria of
the Aeromonas and Pseudomonas genus from sick fish [65]

Characteristics (tests) Aeromonas | Pseudomonas
Gram stain - -
Cell shape rod Rod
Motility + +
Colony color dark green | yellow-green
Oxidase test + +
Indole production + -
Methyl red - +
Voges-Proskauer + -
Hydrolysis of gelatin + +/-
Utilization of glucose + -
Mannitol + +
Maltose + +
Catalase + +
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The most effective method for differentiat-
ing bacterial pathogens is molecular genetic, as it
is characterized by high identification accuracy at
the genus and even species level. Since today there
are many databases with the nucleotide sequences
of most microorganisms, the use of the polymerase
chain reaction (PCR) method is one of the most
common, time-consuming method for determining
the genus and species of microorganisms. The use
of universal bacterial primers helps differentiate
bacteria from other microorganisms. The principle
of PCR identification is based on the use of spe-
cially synthesized primers (for example, genus- or
species-specific), which, by means of complemen-
tarity between the studied template and primers,
amplify the studied gene region for further research.
For PCR identification, the most commonly used
primers of the 16S rRNA gene, virulent genes, etc.
For example, to identify such bacterial pathogens of
fish as Aeromonas hydrophila, Aeromonas veronii,
Pseudomonas aeruginosa and Pseudomonas putida,
specific primers are used to amplify 16S rRNA and
16S rDNA genes [20, 29, 86]. In addition, to build
a phylogenetic tree of the studied bacterial strains, a
specific gene (16S rRNA, gyrB, etc.) or a complete
genome is sequenced. It is noted that the sequence
of the gyrB gene encoding the B protein of DNA
gyrase, like the 16S rRNA gene, can be used to con-
struct a phylogenetic tree and species identification
of bacteria [87]. It was also determined that the rate
of molecular evolution of the gyrB gene is higher
than that of 16S rRNA; in turn, the gyrB gene is
ubiquitous among bacterial species [88]. So in the
studies of Di J. et al. (2018), Chen F. et al. (2019)
to determine the relationship and origin of isolated
strains of bacteria Aeromonas hydrophila, Aeromo-
nas veronii, they sequenced certain regions of the
16S rRNA, gyrB, and rpoD genes [19, 29].

Antibiotic resistance of bacteria

The acquisition of genetic resistance by bacte-
ria to antibiotics used against them and therapeutic
agents based on them is today one of the leading
problems not only in aquaculture, but also in medi-
cine, as well as in the food industry. In this regard,
the increasing level of bacterial resistance poses a
serious danger to humans, animals, and plants [89].
The high resistance of bacteria to antibiotics is due to
the presence of antibiotic resistance genes (ARG) in
the genome of microorganisms, which are responsi-
ble for resistance to a specific antibacterial agent. It
is noted that one of the main genetic mechanisms for
the propagation of ARG is mobile genetic elements,
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the so-called integrons, which are capable of propa-
gating antibiotic resistance genes through transmis-
sible plasmids and transposons [90]. Thus, bacterial
resistance to antibiotics is increasingly observed in
bacterial pathogens of fish reared in recirculating
aquaculture systems, the main reason being the ex-
cessive unregulated use of antibiotics in the preven-
tion and treatment of fish. The authors of Lulijwa
R. et al. (2019) note that in the period from 2008 to
2018, from 15 countries with developed fisheries in
11 countries (China, Indonesia, India, Vietnam, the
Philippines, Bangladesh, South Korea, Egypt, Nor-
way, Japan, Chile, etc.) 67 antibiotics were used,
of which 73% were oxytetracycline, sulfadiazine
and florfenicol [91]. Bacteria of the 4eromonas and
Pseudomonas genus are representatives of multire-
sistant organisms that exhibit resistance to several
antibiotics [73, 92]. Thus, in studies conducted by
Matyar F. et al. (2010) it was determined that 66.6%
of isolates of the Aeromonas genus showed resis-
tance to cefazolin, 66.6% to trimethoprim-sulfa-
methoxazole, at the same time, isolates of the genus
Pseudomonas showed a high level of resistance to
nitrofurantoin (86, 2%), cefazolin (84.8%) and ce-
furoxime (71.7%) [93]. According to the latest re-
sults of the analysis carried out by Preena P. et al.
(2020), it is noted that among bacterial pathogens in
aquaculture that exhibit antibacterial resistance are
bacteria of the Vibrio (23%), Aeromonas (20%), En-
terobacteriaceae (10%), Pseudomonas (5%) genus
and others (Figure 1) [94].

Figure 1 — Percentage of antimicrobial resistance exhibited
by various fish pathogens [94]

Thus, the presented review characterizes bac-
teria of the Aeromonas and Pseudomonas genus as
one of the most common causative agents of bacte-
rial diseases of fish grown in industrial aquaculture,
possessing a wide arsenal of virulence factors and
high resistance to antibiotics, as well as increasingly
showing multiresistance.
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