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Abstract
Background: Aquaculture is an important food-producing sector in Egypt, but several pathogenic microorganisms lead to high
mortalities and signi�cate  economic losses, challenge this sector. The present study investigated the occurrence of
Psychrobacter glacincola infection among 180 wild Snubnose emperor (Lethrinus borbonicus), Blackspot snapper (Lutjanus
ehrenbergii), Marbled spinefoot (Siganus rivulatus), Haffara seabream (Rhabdosargus haffara), Blue-barred parrot�sh (Scarus
ghobban) and Broomtail wrasse (Cheilinus lunulatus) marine �shes collected from the Red sea at Hurghada, Egypt. The
prevalence rate of disease was 6.7%. The recovered isolates were then subjected to bacteriological, biochemical, and molecular
identi�cation. The study also investigated pathogenicity and the  antibiogram pro�le of the recovered isolates.

Results: The clinical examination of the infected �sh revealed various signs that included lethargy and sluggish movement,
hemorrhages and ulcers on the body and the operculum, scale loss, �n congestion and rot, especially at the tail �n. In addition
to, congestion of the liver, spleen, and kidney was observed during postmortem examination. Interestingly, 12 isolates were
recovered and were homogenous bacteriologically and biochemically. Alongside the biochemical and bacteriological tests, the
phylogenetic analysis based on 16S ribosomal RNA (16S rRNA) gene fragment con�rmed that the MRB62 identi�ed strain was
closely related to members of the genus Psychrobacter and identi�ed as P. glacincola. Furthermore, the recovered Ps.
glacincola (MRB62) strain was pathogenic to Rhabdosargus haffara �sh, causing 23.3% mortality combined with reporting a
series of clinical signs similar to that found in naturally infected �shes. In addition, the recovered strain was sensitive to
amikacin, streptomycin, cipro�oxacin, gentamycin, chloramphenicol, tobramycin, and o�oxacin. 

Conclusions: Our �ndings add to the body of knowledge about the occurrence of pathogenic P. glacincola infection in Egyptian
marine �shes and its potential effects on �sh. The study also suggests future large-scale surveys for exploring this bacterium
among other freshwater and marine �shes in Egypt that would be helpful for the implementation of effective strategies for
prevention and control of this infection.

1. Introduction
Marine �sh represent an important source of income in many developing countries, besides being one of the major investment
choices for national �shermen [1]. Taken into account, Egypt is bordered by the Red Sea on the east, which is 2250 km in length
with an average depth of 490 m. Importantly, the Red Sea has a unique composition of �sh species, which consists of 1166
species. The marbled spinefoot (Siganus rivulatus), Blackspot snapper (Lutjanus ehrenbergii), Snubnose emperor (Lethrinus
borbonicus), Blue-barred parrot�sh (Scarus ghobban), Haffara seabream (Rhabdosargus haffara), and Broomtail wrasse
(Cheilinus lunulatus) are some of the most economically important Red Sea marine �sh species in Egypt. However, this
important sector is challenged by a wide range of serious pathogenic organisms, affecting diverse marine �shes and shell�sh
[2]. Among others, bacteria are the most prevalent cause of morbidity and mortality among wild populations of �sh, resulting in
major economic losses in this sector [3]. Taken into consideration, several bacterial strains are normally present in aquatic
environments and their simple presence in marine environments is insu�cient to cause a disease outbreak, but they might
become highly pathogenic under some stressful conditions [4].

Among others, Psychrobacter species have been isolated from various marine environments and seawater, which is considered
a good habitat for these species [5]. The presence of Psychrobacter spp. was also signi�cantly associated with other
environmental factors, i.e., temperature, pH close to neutrality, high salinity, higher concentrations of potassium and
magnesium [6], and hydrocarbons contaminated aquatic environments [7, 8]. Furthermore, members of the genus
Psychrobacter have been isolated from the gastro-intestinal tract (GIT), skin and gills of apparently healthy Atlantic salmon [9],
Atlantic cod [10], juvenile grouper [11] and Atlantic mackerel [12]. Psychrobacter spp. have been used as probiotics to enhance
the growth rate and immune system e�ciency in �sh [13], since they inhibit the growth of some pathogenic bacteria and
enhance the growth of many bene�cial or neutral bacteria in the gut of �sh [14]. Some Psychrobacter strains were recorded as
opportunistic pathogenic microorganisms for some �sh species. Some previous studies [15, 16] reported P. immobilise
infection in rainbow trout (Oncorhynchus mykiss) and Atlantic salmon. Psychrobacter isolates such as P. immobilis and P.
phenylpyruvicus have been isolated in clinical samples from brain tissue, urine, ears, wounds, cerebrospinal �uid, and blood
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and have been reported to be opportunistic pathogens in humans [17–21]. Another species named P. glacincola was isolated
as a novel strain from sea ice cores in Antarctica [22], mud of the Shetland Islands [23], processed fresh edible sea urchin in
Tokyo [24], red tanner crab [16], water of aquaculture and agriculture run off of Ria de Aveiro [25], and sediment samples of
King George Island, Antarctica [26], respectively.

Revising the available literature, the prevalence of bacterial diseases was documented in several cultured and wild freshwater
�sh species from Egypt. However, only a few bacteriological surveys were carried out on marine �sh species to track disease
outbreaks. More importantly, no available data was reported about the P. glacincola infection among �shes all over the world.
Given the above information, the present study investigated the occurrence of P. glacincola among some �sh species inhibited
by the Red Sea in Hurghada, Egypt, through clinical examination, bacteriological isolation, phenotyping, biochemical and
molecular identi�cation of the isolated strains. The study also included a pathogenicity test for veri�cation of the pathogenicity
of the isolated strains, combined with antimicrobial susceptibility testing of the recovered P. glacincola isolates.

2. Material And Methods

2.1. Study Area and Sampling
A total of 180 �sh were obtained from Hurghada, Red Sea governorate, Egypt, during the period from October 2019 to March
2020. The examined �sh species were: Snubnose emperor (Lethrinus borbonicus), Blackspot snapper (Lutjanus ehrenbergii),
Marbled spinefoot (Siganus rivulatus), Haffara seabream (Rhabdosargus haffara), Blue-barred parrot�sh (Scarus ghobban)
and Broomtail wrasse (Cheilinus lunulatus). The rate of sampling was 30 �sh from each species. Fish were collected and
transported immediately to the indoor aquarium at the National Institute of Oceanography and Fisheries in Hurghada, Egypt for
clinical and bacteriological examinations.

2.2. Clinical and postmortem examination
Clinical and PM examinations of �sh were carried out to detect external and internal clinical abnormalities according to the
method described by Schaperclaus et al. (1992) [27]. Fishes were anaesthetized with tricaine methanoesulfonate (MS222-Sig-
ma-Aldrich) prior to examination.

2.3. Bacterial isolation
Bacteriological samples from the liver, kidney, and spleen were collected by sterile loop under completely aseptic conditions.
The collected samples were then inoculated into Brain Heart Infusion Broth supplemented with 1.5% NaCl (Oxoid, England) and
incubated aerobically at 22°C for up to 48 hours, then streaked onto tryptone soya agar (Oxoid, England) supplemented with
1.5% NaCl and incubated at 22°C for up to 48 hours [28]. The recovered isolates were then preserved at -80°C in Tryptone Soya
broth supplemented with 25% glycerol for further identi�cation.

2.4. Phenotyping and Biochemical identi�cation of the isolated bacteria
The suspected isolates were identi�ed through their morphological characteristics, Gram staining, motility test, oxidase test
and API 20E system (BioMerieux, France) according to the manufacturer's instructions.

2.5. Molecular Identi�cation of the Recovered Isolates and sequence
analysis
The bacterial DNA was extracted from the recovered isolates using the Gene JET genomic DNA puri�cation kit (Thermo
Scienti�c, EU) according to the manufacturer's instructions. The extracted DNA was then stored at -20°C until use. Later on, the
PCR reaction was conducted to amplify the hypervariable segment of 16S rRNA using a set of universal primers [29], which are
shown in Table 1. The PCR reaction was conducted in 50 µl mixtures, according to the mastermix manufacturer's instructions,
which contained 25 µl of mastermix, 2 µl of each primer, 4 µl of the extracted DNA, and Nuclease-Free Water up to 50 µl. As
shown in Table 1, the PCR reaction was conducted in a thermocycler (Applied Biosystems, USA) under the conditions
previously described [30]. In brief, the initial denaturation was performed at 95°C for 5 minutes, followed by 35 cycles of
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denaturation at 94°C for 1 minute, annealing at 55°C for 1 minute, and extension at 72°C for 1.5 minutes, followed by a �nal ex-
tension step at 72°C for 10 minutes. The amplicons (1500 base pairs) were puri�ed and sequenced by the 3500 Genetic
Analyzer (Applied Biosystems, USA). The draft genome sequence of strain MR-B62 was sequenced at Solgent Co., Ltd. Bio
industry development site (South Korea) using Sanger dideoxy sequencing technology. The sequences of the recovered
isolates were analysed using MEGA 7.0 software and compared to those available in the GenBank database. Evolutionary
distances were computed using the maximum compo-site-likelihood method. A phylogenetic tree based on 16S rRNA gene
sequences was reconstructed by the neighbor-joining method [31].

 
 
 
 

Table 1
Primer sets used in molecular characterization of Ps. glacincola isolates

Genes Primers sequence (5'-3') PCR conditions Product
sizes/ (bp)

16S
rRNA

F27 5
AGAG ⊤ TGATCMTGGCTCAG ⊤ GTℂGGG ⊤ GTACTCGTC3

R1492; 5GG ⊤ Aℂ ⊤ G ⊤ ACGAC ⊤

• Initial denaturation 95
C / 5 min.

• 35 cycles of
denaturation 94 C/60 s

• Annealing at 55 C / 1
min

• Extension at 72 C /
1.5 min

1500

2.6. Pathogenicity testing
A total of 40 acclimated healthy Haffara seabream (Rhabdosargus haffara) �sh with an average body weight 50 ± 5g were
obtained from the National Institute of Oceanography and Fisheries, Hurghada, Egypt. These �sh were experimentally infected
with the bacterial suspension (P. glacincola) recovered from naturally infected marine �sh. Fish were divided into 4 equal
groups; the 3rd groups were injected Intraperitoneal (IP) with P. glacincola suspension at a dose of 0.1 mL of (3×107 CFU) [32],
and the �sh of the 4th group were injected IP with 0.1 ml of sterile saline and used as a control. Fish were closely observed
daily for 2 weeks, and the clinical signs and mortalities were recorded. Freshly dead �sh were subjected to post-mortem
examination, bacteriological isolation, and identi�cation of P. glacincola from the liver, spleen, and kidney.

2.7. Antimicrobial Susceptibility Test of the recovered P. glacincola
isolates
The antimicrobial susceptibility of the recovered isolates was determined using the Kirby-Bauer disc diffusion method. The
following antibiotic discs were used: tetracycline (30µg), cipro�oxacin (5µg), o�oxacin (5µg), oxolonic acid (2µg), erythromycin
(15µg), chloramphenicol (30µg), amoxicillin/clavulanic acid (30µg), cephalothin (30µg), amikacin (30µg), streptomycin (10µg),
cefotaxime (30µg), trimethoprim/sulphamethoxazole (25µg), Gentamycin (10µg), clindamycin(2µg), Flucloxacillin (5µg),
Tobramycin(5µg), The recovered isolates were streaked into Mueller-Hinton agar (Oxoid, England), the antibiotic discs were
placed, and the inoculated plate was incubated at 25°C for 48 h. Diameters of the inhibition zones were measured and
interpreted according to the Clinical and Laboratory Standards Institute (2012) (33).

2.9. Statistical Analysis
Simple descriptive statistics, i.e., percentages, were used for the analysis of the data. The prevalence of the infection was
calculated by the following formula:

Prevalence of infection (%) = No. of infected �sh/Total no. of examined �sh
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3. Results

3.1. Clinical sings of P. glacincola infection
The infected marine �shes showed a series of clinical signs that included lethargy and sluggish movement, haemorrhages and
ulcers on the body and on the operculum, sometimes scale loss was noticed, �n congestion and rot, especially on the tail �n
(Fig. 1A & B). Furthermore, congestion of the liver, spleen, and kidney were noticed during the PM examination (Fig. 1C).

 

3.2. Prevalence of P. glacincola infection
The clinical examination of 180 Red Sea �sh revealed a total prevalence of 6.7% of P. glacincola infection among all examined
�sh. Furthermore, the prevalence rates were 16.7, 10 and 13.3% among Blackspot snapper (Lutjanus ehrenbergii), Haffara
seabream (Rhabdosargus haffara) and Broomtail wrasse (Cheilinus lunulatus) �sh, respectively. On the other hand, Snubnose
emperor (Lethrinus borbonicus), Marbled spinefoot (Siganus rivulatus), Blue-barred parrot�sh (Scarus ghobban) �shes were not
susceptible to infection (Table 2).

 
Table 2

Occurrence of P. glacincola among six marine �sh species of Red Sea.
Fish species No. of

examined
Fish

Psychrobacter glacincola infection

Scenti�c name English name No. of infected
�sh

Percentage of infected
(%)

Lutjanus ehrenbergii (Peters, 1869) Blackspot snapper 30 5 16.7

Lethrinus borbonicus (Valenciennes,
1830)

Snubnose
emperor

30 0 0

Siganus rivulatus (Forsskål & Niebuhr,
1775)

Marbled spinefoot 30 0 0

Rhabdosargus haffara (Forsskål,
1775)

Haffara seabream 30 3 10

Scarus ghobban (Forsskål, 1775) Blue-barred
parrot�sh

30 0 0

Cheilinus lunulatus (Forsskål, 1775) Broomtail wrasse 30 4 13.3

Total 180 12 6.7

3.3. Bacteriological identi�cation and morphological characters of
Colonies
The colonies of these isolates were diplococci, cream-colored to un-pigmented, smooth and opaque with a buttery consistency
after incubation at 22°C for up to 48 hours on Tryptone Soya agar. These microorganisms were gram –ve, non-motile and did
not result in hemolysis of the blood agar, while they grew to yellowish on MacConkey agar. Colonies also were able to grow at
1.5, 3, 7 and 10% Nacl and at 4°C, 22°C and 37°C.

3.4. Biochemical identi�cation
As shown in Table 3, the twelve (12) isolates were biochemically homogeneous and positive for Cytochrome oxidase, Catalase,
Citrate utilization (CIT), variable for Urease (URE) and Voges Proskauer (VP) tests, all strains were negative for O-Nitrophenyl-β-
D-Galactopyranoside (ONPG), Arginine dihydrolase (ADH), Lysine de-carboxylase (LDC), Ornithine decarboxylase (ODC), Indole
production (IND), H2S production (H2S), Tryptophane deaminase (TDA), Gelatin liquefaction tests and acids from all sugars
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(Glucose (GLU), Mannitol(MAN), Inositol (INO), Sorbitol (SOR), Rhamnose (RHA), Sucrose (SUC), Melibiose (MEL), Amygdaline
(AMY) and Arabinose (ARA).

 
 
 
 

Table 3
Biochemical characteristics of recovered strain in the

present study P. glacincola.
Test Result Test Result

Oxidase test +ve MacConky
agar

+ve

Catalase +ve Blood
haemolysis

-ve

Motility +ve NaCl 1.5%

3%

7%

10%

+ve

Swarming -ve +ve

Growth at
4°C

37°C

+ve +ve

+ve +ve

API20E Tests

Test Result Test Result

ONPG +ve GEL -ve

ADH -ve GLU -ve

LDC -ve MAN -ve

ODC -ve INO -ve

CIT +ve SOR -ve

H2S -ve RHA -ve

URE V SAC -ve

TDA -ve MEL -ve

IND -ve AMY -ve

VP +V ARA -ve

-ve : Negative + ve : positive V : variable

3.5. Molecular identi�cation
Compared with the GenBank database, the nucleotide sequences of the 16S rRNA gene could detect the isolates of bacteria at
the species level according to levels of homology (Fig. 3). The recovered strain was identi�ed and named MRB62. The draft
genome sequence of strain MRB62 was deposited into NCBI and assigned accession number (MZ413384.1). Interestingly, high
similarity of the 16S rRNA gene sequences of the MRB62 isolate to that of P. glacincola T (Accession No. AB334769.1) with
100% identity is a remarkable �nding. Furthermore, a closed genetic relationship was detected for the recovered strain (the
strain MRB62 of the genus Psychrobacter) in the present study with some other strains in Genbank. In this concern, an identity
of 99.71%, 99.64%, 99.43%, and 98.86% was reported with that of P. glacincola LMG 21274T (Accession No. AJ 430830.1), P.
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glacincola DSM 12194T (Accession No. NR 042076.1), P. adeliensis DSM 15333T (Accession No. 117634.1), and P. immobilis
NBRCT 15733 (Accession No. AJ NR113805.1), respectively (Fig. 2).

 

3.6. Pathogenicity test
The P. glacincola experimentally infected Haffara seabream (Rhabdosargus haffara) showed 23.3% mortalities and clinical
signs similar to those recorded in the naturally infected �sh. These clinical signs included skin hemorrhages, scale loss, tail �n
rot, congestion, and liver congestion (Fig. 3), (Table 4). P. glacincola was also isolated and identi�ed from the internal organs of
the experimentally infected �sh. The bacterial pathogen was re-isolated from the induced kidney.

 

 
 

Table 4
Number of dead �sh and mortality rate of Haffara seabream (Rhabdosargus haffara), experimentally challenged with P.

glacincola
Rhabdosargus
hafara

groups

Fish
number

Number of dead �sh/day Total
number
of dead
�sh

Mortality
rate %
(at 1st
week
end)

Mortality
rate %
(at 2nd
week
end)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th

to

14th

Challenged
groups

30 3 0 3 6 3 0 3 3 0 21 60% 70%

Control group 10 0 0 0 0 0 0 0 0 0 0 0% 0%

3.7. Antibiotic sensitivity test
In accordance with the antibiotic sensitivity test, the recovered isolates P. glacincola were sensitive to Amikacin, Streptomycin
Cipro�oxacin, Gentamycin, Chloramphenicol, Tobramycin and O�oxacin and resist to Tetracycline, Cephalothin, Cefotaxime,
Erythromycin, Oxolonic acid, Trimethoprim/Sulphamethoxazole, Clindamycin, Flucloxacillin and Amoxicillin/Clavulanic acid

4. Discussion
Aquaculture represents an important sector in the Egyptian national income structure [34]. However, this sector is challenged by
a wide range of opportunistic pathogens that result in high mortalities and considerable economic losses. Bacterial pathogens
are among these pathogens that are naturally present in the �sh environment, and under some stressful conditions, they
become the pathogens of the most important diseases in aquaculture [35]. Among others, Psychrobacter spp. could be
considered as a potential bacterial pathogen in �sh that results in high mortalities and considerable economic losses [15, 16].
Clearly, providing updates and baseline information about the occurrence of Psychrobacter spp. infection among marine �shes,
together with investigation of the pathogen characteristics, seems crucial for implementation of the appropriate measures to
prevent and control the infection. Revising the available literature, no previous studies revealed the occurrence of the novel
pathogenic strain of P. glacincola infection in �sh either at a national or international level. However, several previous studies
identi�ed P. glacincola as a novel strain from sea ice cores in Antarctica [22], mud of the Shetland Islands [23], processed fresh
edible sea urchin in Tokyo [24], and red tanner crab [16]. In addition, other previous studies [23, 36] registered P. glacincola in
NCBI from marine environment and sea urchin. Given the above information, the present work provides a novel contribution in
relation to the occurrence of a novel pathogenic strain of P. glacincola in wild marine �shes in Egypt through the isolation,
identi�cation, and characterization of the bacterium by bacteriological, biochemical, and molecular methods.
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In the present work, the bacteriological examination of the examined �sh revealed that the overall prevalence of P. glacincola
infection among examined �sh was 6.7%, while the individual prevalence rates were 16.7%, 10%, and 13.3% among Lutjanus
ehrenbergii, Rhabdosargus haffara, and Cheilinus lunulatus �sh, respectively. On the other hand, P. glacincola could not be
detected among Lethrinus borbonicus, Siganus rivulatus and Scarus ghobban. Taken into consideration, no previous studies
reported P. glacincola infection among �shes all over the world, and the possible explanation for this prevalence may be
attributed to the difference in susceptibility of �sh species to the infection [37, 38]. In accordance with their clinical impact, the
infected species showed several clinical signs and PM lesions as a result of P. glacincola infection. In this regard, Blackspot
snapper (Lutjanus ehrenbergii), Haffara seabream (Rhabdosargus haffara) and Snubnose emperor (Lethrinus borbonicus)
�shes of the Red Sea at Hurghada city showed lethargy and sluggish movement, haemorrhages and ulcers on the body and
operculum, scale loss, �n congestion, and rot, especially tail �ns, combined with congestion of the liver, spleen, and kidney.

It is noteworthy to state that there are no available literatures reported the clinical signs of P. glacincola infection, but our
results were agreed to some extent with that of Hisar et al., (2002)[15], who found skin darkness, gills paleness and abnormal
swimming, internal organ congestion in rainbow trout infected with other Psychrobacter spp. The P. glacincola infected �shes
showed frayed �ns and �n rot that adversely affected the swimming activities and foraging behaviour of the diseased �sh,
leading to loss of condition and weakness [39–41]. The diffused haemorrhages on the �sh body could be attributable to the
secretion of some enzymes such as elastase enzyme and hemolysin that damage the blood vessels, leading to blood leakage
[42]. Also, the clinical signs and PM lesions of the diseased �shes may be attributed to the extracellular products of
Psychrobacter spp. such as proteases and hyaluronidase, that are involved in the development of clinical pathology and
lesions [43, 44].

Isolation and identi�cation of the causative agents remain one of the main lines for infection control [45]. Phenotyping is
commonly used in combination with genotyping to identify and characterize bacterial pathogens [45–47]. Likewise,
biochemical characterization has been proved to be a valuable method for the typing and differentiation of several bacterial
�sh pathogens [48–50]. In this study, the phenotyping of the recovered isolates showed that the morphological characteristics
of the colonies were cream-colored, un-pigmented, smooth and opaque with a buttery consistency. In addition, colonies formed
yellowish colonies on MacConkey agar with no hemolysis on blood agar. Biochemically, the isolates were homogeneous and
positive for cytochrome oxidase, catalase, and citrate utilization, while negative for lysine decarboxylase, ornithine
decarboxylase, arginine dihydrolase, indole production, H2S production, tryptophane deaminase, gelatin liquefaction test, and
acid from all sugars. Our �ndings are in accordance with the results reported by Bowman et al. (1997) [22] and Garcia-Lopez et
al. (2014) [51], who reported similar bio-chemical reactions with P. glacincola. Taken into account, the variation in any
biochemical characteristic may be attributed to presence or absence of plasmid(s) or mobile genetic elements that controls its
metabolic traits [52].

In accordance with the molecular methods, the phylogenetic analysis based on 16S rRNA gene sequence is an important tool,
which con�rmed the genetic relatedness and stands alongside the biochemical tests and bacteriological tests for accurate and
quick identi�cation of bacteria [53–55]. The 16S rRNA gene sequence alongside the biochemical tests provide accurate and
rapid identi�cation for the bacterial pathogen [4, 54, 56] and the phylogenetic analysis of 16S rRNA gene allows and con�rms
the identi�cation of unknown bacterial isolates [57]. In this study, the phylogenetic analysis identi�ed the recovered strain as P.
glacincola (MRB62) based on 16S rRNA gene sequence. Comparing the 16S rRNA gene sequence of the present strain (P.
glacincola MR B62) with known 16S rRNA gene sequences of Psychrobacter spp. on GenBank databases revealed closed
similarity of 100% with P. glacincola T (Accession No. AB334769.1) [24], and the draft genome sequence of this strain was
deposited into NCBI and assigned accession number MZ413384.1.

Based on those results, the present study reports for the �rst time the occurrence of P. glacincola infection among Snubnose
emperor (Lethrinus borbonicus), Haffara seabream (Rhabdosargus haffara) and Broomtail wrasse (Cheilinus lunulatus) marine
�shes of the Red Sea at Hurghada city, Egypt. Furthermore, the recovered strain (P. glacincola MR B62) of the present study
revealed an identity of 99.71%, 99.64%, 99.43%, and 99.07% with that of P. glacincola LMG 21274T (Accession No. AJ
430830.1) [22], P. glacincola DSM 12194T (Accession No. NR 042076.1) [22], P. adeliensis DSM 15333T (Accession No.
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117634.1) [58], and P. immobilis NBRCT 15733 (Accession No. AJ NR113805.1) [59], respectively. The present �ndings con�rm
the hypothesis that bacteria with an identity of more than 98.7% in the 16S rRNA gene sequence are considered to be the same
species [60].

In accordance with the results of the pathogenicity test, the pathogen was isolated and identi�ed from the experimentally
challenged Haffara seabream (Rhabdosargus haffara) �sh to ful�l Koch's postulates. The present study proved that the
present P. glacincola isolate was pathogenic to Haffara seabream. In this concern, the challenged �sh showed 23.3% mortality
rates and exhibited clinical signs similar to those of the naturally infected �shes that included skin hemorrhages, scale loss, tail
�n rot and congestion, and liver congestion. The recorded clinical signs may be attributed to the extracellular products such as
cytotoxins, hemolysin, protease, collagenase, and hyaluronidase that were released during the infection [61, 62]. The present
study also showed that P. glacincola isolates were sensitive to Amikacin, Streptomycin Cipro�oxacin, Gentamycin,
Chloramphenicol, Tobramycin and O�oxacin and resist to Tetracycline, Cephalothin, Cefotaxime, Erythromycin, Oxolonic acid,
Trimethoprim/Sulphamethoxazole, Clindamycin, Flucloxacillin and Amoxicillin/Clavulanic acid. Some of our results agreed
with a previous study [5], where P. glacincola was sensitive to streptomycin and gentamycin and resist tetracycline and
ampicillin. Generally, the high variations in the antibiotic sensitivity test results may be due to the dramatic anti-microbial
resistance growth and the bacterial isolate variations.

5. Conclusions
Given the above information, the present study reported for the �rst time a novel pathogenic bacterial isolate named P.
glacincola from naturally diseased Snubnose emperor (Lethrinus borbonicus), Haffara seabream (Rhabdosargus haffara) and
Broomtail wrasse (Cheilinus lunulatus) marine �shes. The isolated strains were identi�ed by their morphological and
biochemical characteristics. In addition, the phylogenetic analysis of the 16S rRNA gene sequence of the present study MR B62
isolate revealed 100% identity with P. glacincola T (Accession No. AB334769.1). The recovered strain, P. glacincola, was also
pathogenic to Haffara seabream (Rhabdosargus haffara) and sensitive to amikacin, streptomycin, cipro�oxacin, gentamycin,
chloramphenicol, tobramycin, and o�oxacin. The present data suggest large-scale surveys of P. glacincola infection in the �sh
sector in Egypt, which might be helpful for the implementation of effective control strategies for combating this infection.

Declarations
6.1. Ethics approval and consent to participate

We conall of the experimental protocols and methods carried out in accordance with the relevant rules and regulations of the
National Institute of Oceanography and Fisheries Committee for ethical care of marine organisms and experimental animals
(NIOF-AICUC), and all methods reported in accordance with ARRIVE guidelines for the reporting of animal experiments.

6.2. Consent for publication

Not applicable

6.3. Availability of data and materials

The datasets generated and/or analysed during the current study are available in the [NCBI] repository,
[https://www.ncbi.nlm.nih.gov , Accession number MZ413384.1].

Competing interests

All authors who attributed to the article "Detection and description of a novel Psychrobacter glacincola infection in some Red
Sea marine �shes, Hurghada, Egypt" declare that they have no known competing �nancial interests or personal relationships
that may have in�uenced the work reported in this paper.



Page 10/14

The authors are not a�liated with any institution that has a direct or indirect �nancial interest in the manuscript's subject
matter.

6.4. Funding

Not applicable

6.5. Authors' contributions

M.R.E-S., A.M.E., and M.A.A involved in the conception of the idea, methodology design, performed data analysis and
interpretation. A. E. O. and H.H.A contributed their scienti�c advice, prepared the manuscript for publication and revision. All
authors read and approved the �nal manuscript.

6.6. Acknowledgements

Not applicable

6.7.  Authors information 

Mohamed Raafat El-Sayed: Department of Fish Diseases and Management, Faculty of Veterinary Medicine, Sohag University,
Egypt. mohamed.rafat2018@vet.sohag.edu.eg (Corresponding author)  

Mohamed Abd El-Aziz Ahmed Abd El-Galil: Department of Fish Diseases and Management, Faculty of Veterinary Medicine,
Sohag University, Egypt. mohamed.abdelaziz@vet.sohag.edu.eg

 Arafah Emam: National Institute of Oceanography and Fisheries, Hurghada, Egypt. arafah_emam@yahoo.com

Ahmed Elsayed Osman: Department of Biochemistry, Faculty of Veterinary Medicine, Sohag University. elsaid80-
bio@yahoo.com

Haitham Helmy Sayed: Department of Microbiology, Faculty of Veterinary Medicine, Sohag University, Sohag, Egypt.
haytham_adam@vet.sohag.edu.eg

References
1. FAO, F. Agriculture Organization of the United Nations. 2012. FAO Statistical Yearbook. 2012.

2. Liu PC, Lin, J.Y.; Hsiao, P.T.; Lee, K.K. Isolation and characterization of pathogenic Vibrio alginolyticus from diseased cobia
Rachycentron canadum. Journal of Basic Microbiology: An International Journal on Biochemistry, Physiology, Genetics,
Morphology, and Ecology of Microorganisms 2004, 44, 23–28.

3. Mohanty, B.; Sahoo, P. Edwardsiellosis in �sh: a brief review. Journal of biosciences 2007, 32, 1331–1344.

4. Srinivasan, R.; Karaoz, U.; Volegova, M.; MacKichan, J.; Kato-Maeda, M.; Miller, S.; Nadarajan, R.; Brodie, E.L.; Lynch, S.V. Use
of 16S rRNA gene for identi�cation of a broad range of clinically relevant bacterial pathogens. PloS one 2015, 10,
e0117617.

5. Romanenko, L.A.; Schumann, P.; Rohde, M.; Lysenko, A.M.; Mikhailov, V.V.; Stackebrandt, E. Psychrobacter submarinus sp.
nov. and Psychrobacter marincola sp. nov., psychrophilic halophiles from marine environments. International Journal of
Systematic and Evolutionary Microbiology 2002, 52, 1291–1297.

�. Rodrigues, D.F.; da C Jesus, E.; Ayala-del-Rio, H.L.; Pellizari, V.H.; Gilichinsky, D.; Sepulveda-Torres, L.; Tiedje, J.M.
Biogeography of two cold-adapted genera: Psychrobacter and Exiguobacterium. The ISME journal 2009, 3, 658–665.

7. Prabagaran, S.R.; Manorama, R.; Delille, D.; Shivaji, S. Predominance of roseobacter, sul�tobacter, glaciecola and
psychrobacter in seawater collected off Ushuaia, Argentina, Sub-Antarctica. FEMS microbiology ecology 2007, 59, 342–
355.



Page 11/14

�. Giudice, A.L.; Casella, P.; Caruso, C.; Mangano, S.; Bruni, V.; De Domenico, M.; Michaud, L. Occurrence and characterization
of psychrotolerant hydrocarbon-oxidizing bacteria from surface seawater along the Victoria Land coast (Antarctica). Polar
biology 2010, 33, 929–943.

9. Kristiansen, M.; Ringø, E. Evaluation of prebiotic and probiotic effects on the intestinal gut microbiota and histology of
Atlantic salmon (Salmo salar L.). 2011.

10. Ringø, E.; Sperstad, S.; Myklebust, R.; Refstie, S.; Krogdahl, Å. Characterisation of the microbiota associated with intestine
of Atlantic cod (Gadus morhua L.): the effect of �sh meal, standard soybean meal and a bioprocessed soybean meal.
Aquaculture 2006, 261, 829–841.

11. Steinum, T.; Sjåstad, K.; Falk, K.; Kvellestad, A.; Colquhoun, D. An RT PCR-DGGE survey of gill-associated bacteria in
Norwegian seawater-reared Atlantic salmon suffering proliferative gill in�ammation. Aquaculture 2009, 293, 172–179.

12. Svanevik, C.S.; Lunestad, B.T. Characterisation of the microbiota of Atlantic mackerel (Scomber scombrus). International
journal of food microbiology 2011, 151, 164–170.

13. Makled, S.O.; Hamdan, A.M.; El-Sayed, A.-F.M.; Hafez, E.E. Evaluation of marine psychrophile, Psychrobacter namhaensis
SO89, as a probiotic in Nile tilapia (Oreochromis niloticus) diets. Fish & shell�sh immunology 2017, 61, 194–200.

14. Sun, Y.Z.; YANG, H.L.; Ma, R.L.; ZHANG, C.X.; Lin, W.Y. Effect of dietary administration of Psychrobacter sp. on the growth,
feed utilization, digestive enzymes and immune responses of grouper Epinephelus coioides. Aquaculture Nutrition 2011,
17, e733-e740.

15. Hisar, O.; Yanik, T.; Hisar, S.A. Clinical And Pathological Investigation Of Psychrobacter Immobilis Infection In Rainbow
Trour (Oncorhynchus Mykiss, Walbaum). 2002.

1�. McCarthy, Ú.; Stagg, H.; Donald, K.; Garden, A.; Weir, S. Psychrobacter sp. isolated from the kidney of salmonids at a
number of aquaculture sites in Scotland. Bull Eur Assoc Fish Pathol 2013, 33, 67–72.

17. Gini, G.A. Ocular infection caused by Psychrobacter immobilis acquired in the hospital. Journal of clinical microbiology
1990, 28, 400–401.

1�. Hudson, M.J.; Hollis, D.; Weaver, R.; Galvis, C. Relationship of CDC group EO-2 and Psychrobacter immobilis. Journal of
clinical microbiology 1987, 25, 1907–1910.

19. Leung, W.K.; Chow, V.C.; Chan, M.C.; Ling, J.M.; Sung, J.J. Psychrobacter bacteraemia in a cirrhotic patient after the
consumption of raw geoduck clam. Journal of Infection 2006, 52, e169-e171.

20. Lloyd-Puryear, M.; Wallace, D.; Baldwin, T.; Hollis, D. Meningitis caused by Psychrobacter immobilis in an infant. Journal of
clinical microbiology 1991, 29, 2041–2042.

21. Lozano, F.; Florez, C.; Fecio, F.; Gamboa, F.; Gómez-Mates, J.; Martin, E. Fatal Psychrobacter immobilis infection in a patient
with AIDS. Aids 1994, 8, 1189.

22. Bowman, J.P.; Nichols, D.S.; McMEEKIN, T.A. Psychrobacter glacincola sp. nov., a halotolerant, psychrophilic bacterium
isolated from Antarctic sea ice. Systematic and Applied Microbiology 1997, 20, 209–215.

23. Bozal, N.; Montes, M.J.; Tudela, E.; Guinea, J. Characterization of several Psychrobacter strains isolated from Antarctic
environments and description of Psychrobacter luti sp. nov. and Psychrobacter fozii sp. nov. International Journal of
Systematic and Evolutionary Microbiology 2003, 53, 1093–1100.

24. Kajikazawa, T.; Sugita, T.; Nishikawa, A. Comprehensive identi�cation of bacteria in processed fresh edible sea urchin
using 16S ribosomal DNA sequence analysis: the products contain various food poisoning-related bacteria and
opportunistic bacterial pathogens. Journal of health science 2007, 53, 756–759.

25. Azevedo, J.S.; Correia, A.; Henriques, I. Molecular analysis of the diversity of genus Psychrobacter present within a
temperate estuary. FEMS microbiology ecology 2013, 84, 451–460.

2�. Muñoz-Villagrán, C.M.; Mendez, K.N.; Cornejo, F.; Figueroa, M.; Undabarrena, A.; Morales, E.H.; Arenas-Salinas, M.; Arenas,
F.A.; Castro-Nallar, E.; Vásquez, C.C. Comparative genomic analysis of a new tellurite-resistant Psychrobacter strain
isolated from the Antarctic Peninsula. PeerJ 2018, 6, e4402.

27. Schäperclaus, W. Fish diseases; CRC Press: 1992; Vol. 1.



Page 12/14

2�. Noga, E. Fish Disease: Diagnosis and Treatment Mosby Yearbook, Inc. Weslin Industrial Drive 1996.

29. Frank, J.A.; Reich, C.I.; Sharma, S.; Weisbaum, J.S.; Wilson, B.A.; Olsen, G.J. Critical evaluation of two primers commonly
used for ampli�cation of bacterial 16S rRNA genes. Applied and environmental microbiology 2008, 74, 2461–2470.

30. Polz, M.F.; Cavanaugh, C.M. Bias in template-to-product ratios in multitemplate PCR. Applied and environmental
Microbiology 1998, 64, 3724–3730.

31. Kumar, S.; Stecher, G.; Tamura, K. MEGA7: molecular evolutionary genetics analysis version 7.0 for bigger datasets.
Molecular biology and evolution 2016, 33, 1870–1874.

32. Oh, W.T.; Kim, J.H.; Jun, J.W.; Giri, S.S.; Yun, S.; Kim, H.J.; Kim, S.G.; Kim, S.W.; Han, S.J.; Kwon, J. Genetic characterization
and pathological analysis of a novel bacterial pathogen, Pseudomonas tructae, in rainbow trout (Oncorhynchus mykiss).
Microorganisms 2019, 7, 432.

33. Clinical and Laboratory Standards Institute. CLSI. Methods for Antimicrobial Broth Dilution and Disk Diffusion
Susceptibility Testing of Bacteria Isolated From Aquatic Animals. 2nd ed. CLSI guideline VET03. Clinical and Laboratory
Standards Institute: Wayne, Pa., 2020; p volumes.

34. Abd El Tawab, A.; Ibrahim, A.M.; Sittien, A. Phenotypic and Genotypic characterization of Vibrio species isolated from
marine �shes. Benha Veterinary Medical Journal 2018, 34, 79–93.

35. Olsson, J.; Jöborn, A.; Westerdahl, A.; Blomberg, L.; Kjelleberg, S.; Conway, P. Survival, persistence and proliferation of Vibrio
anguillarum in juvenile turbot, Scophthalmus maximus(L.), intestine and faeces. Journal of �sh diseases 1998, 21, 1–9.

3�. Panigrahi, A.; Kiron, V.; Satoh, S.; Hirono, I.; Kobayashi, T.; Sugita, H.; Puangkaew, J.; Aoki, T. Immune modulation and
expression of cytokine genes in rainbow trout Oncorhynchus mykiss upon probiotic feeding. Developmental &
Comparative Immunology 2007, 31, 372–382.

37. Carol, G.R.; Jeyasanta, K.I.; Mani, A.E.; Patterson, J. Prevalence of Pseudomonas sp in Fin Fishes and their Antibiotic
Susceptibility. Journal of Pure and Applied Microbiology 2013, 7, 677–681.

3�. López, J.R.; Lorenzo, L.; Marcelino-Pozuelo, C.; Marin-Arjona, M.C.; Navas, J.I. Pseudomonas baetica: pathogenicity for
marine �sh and development of protocols for rapid diagnosis. FEMS microbiology letters 2017, 364.

39. Khalil, F.; Emeash, H. Behavior and Stereotypies of Nile Tilapia (Oreochromis niloticus) in Response to Experimental
Infection with Aeromonas hydrophila. Aquatic Sciences and Engineering 2018, 33, 124–130.

40. Kujur, P.; Parganiha, A. Social Interaction in Fish: A Brief Review. Journal of Ravishankar University-B 2013, 24, 26–34.

41. Martins, C.I.; Galhardo, L.; Noble, C.; Damsgård, B.; Spedicato, M.T.; Zupa, W.; Beauchaud, M.; Kulczykowska, E.;
Massabuau, J.-C.; Carter, T. Behavioural indicators of welfare in farmed �sh. Fish Physiology and Biochemistry 2012, 38,
17–41.

42. Zhang, X.H.; Austin, B. Haemolysins in Vibrio species. Journal of Applied Microbiology 2005, 98, 1011–1019.

43. Loperena, L.; Soria, V.; Varela, H.; Lupo, S.; Bergalli, A.; Guigou, M.; Pellegrino, A.; Bernardo, A.; Calvino, A.; Rivas, F.
Extracellular enzymes produced by microorganisms isolated from maritime Antarctica. World journal of microbiology and
biotechnology 2012, 28, 2249–2256.

44. Perfumo, A.; Freiherr von Sass, G.J.; Nordmann, E.-L.; Budisa, N.; Wagner, D. Discovery and characterization of a new cold-
active protease from an extremophilic bacterium via comparative genome analysis and in vitro expression. Frontiers in
microbiology 2020, 11, 881.

45. Franco-Duarte, R.; Černáková, L.; Kadam, S.; Kaushik, K.S.; Salehi, B.; Bevilacqua, A.; Corbo, M.R.; Antolak, H.; Dybka-Stępień,
K.; Leszczewicz, M., et al. Advances in Chemical and Biological Methods to Identify Microorganisms-From Past to Present.
Microorganisms 2019, 7, 130, doi:10.3390/microorganisms7050130.

4�. Coquet, L.; Cosette, P.; Quillet, L.; Petit, F.; Junter, G.-A.; Jouenne, T. Occurrence and phenotypic characterization of Yersinia
ruckeri strains with bio�lm-forming capacity in a rainbow trout farm. Applied and Environmental Microbiology 2002, 68,
470–475.

47. Bochner, B.R. Global phenotypic characterization of bacteria. FEMS microbiology reviews 2009, 33, 191–205,
doi:10.1111/j.1574-6976.2008.00149.x.



Page 13/14

4�. Austin, B.; Austin, D.; Blanch, A.; Cerda, M.; Grimont, F.; Grimont, P.; Jofre, J.; Koblavi, S.; Larsen, J.; Pedersen, K. A
comparison of methods for the typing of �sh-pathogenic Vibrio spp. Systematic and Applied Microbiology 1997, 20, 89–
101.

49. Austin, B. Taxonomy of bacterial �sh pathogens. Veterinary Research 2011, 42, 20, doi:10.1186/1297-9716-42-20.

50. Fernández-Álvarez, C.; Santos, Y. Identi�cation and typing of �sh pathogenic species of the genus Tenacibaculum. Applied
Microbiology and Biotechnology 2018, 102, 9973–9989, doi:10.1007/s00253-018-9370-1.

51. García-López, M.; Santos, J.; Otero, A.; Rodríguez-Calleja, J. Psychrobacter. 2014; pp. 261–268.

52. Baron, E.J. Classi�cation. 1996, doi:NBK8406 [bookaccession].

53. Young, M.; Artsatbanov, V.; Beller, H.R.; Chandra, G.; Chater, K.F.; Dover, L.G.; Goh, E.-B.; Kahan, T.; Kaprelyants, A.S.; Kyrpides,
N. Genome sequence of the Fleming strain of Micrococcus luteus, a simple free-living actinobacterium. Journal of
bacteriology 2010, 192, 841–860.

54. Buller, N.B. Bacteria from �sh and other aquatic animals: a practical identi�cation manual; Cabi: 2004.

55. Tringe, S.G.; Hugenholtz, P. A renaissance for the pioneering 16S rRNA gene. Current opinion in microbiology 2008, 11,
442–446.

5�. Clarridge III, J.E. Impact of 16S rRNA gene sequence analysis for identi�cation of bacteria on clinical microbiology and
infectious diseases. Clinical microbiology reviews 2004, 17, 840–862.

57. Ludwig, W.; Strunk, O.; Klugbauer, S.; Klugbauer, N.; Weizenegger, M.; Neumaier, J.; Bachleitner, M.; Schleifer, K.H. Bacterial
phylogeny based on comparative sequence analysis. Electrophoresis 1998, 19, 554–568.

5�. Shivaji, S.; Reddy, G.; Raghavan, P.; Sarita, N.; Delille, D. Psychrobacter salsus sp. nov. and Psychrobacter adeliensis sp. nov.
isolated from fast ice from Adelie Land, Antarctica. Systematic and applied microbiology 2004, 27, 628–635.

59. JUNI, E.; HEYM, G.A. Psychrobacter immobilis gen. nov., sp. nov.: genospecies composed of gram-negative, aerobic,
oxidase-positive coccobacilli. International Journal of Systematic and Evolutionary Microbiology 1986, 36, 388–391.

�0. Schleifer, K.H. Classi�cation of Bacteria and Archaea: past, present and future. Systematic and applied microbiology 2009,
32, 533–542.

�1. Esteve, C.; Birbeck, T. Secretion of haemolysins and proteases by Aeromonas hydrophila EO63: separation and
characterization of the serine protease (caseinase) and the metalloprotease (elastase). Journal of applied microbiology
2004, 96, 994–1001.

�2. Takahashi, E.; Ozaki, H.; Fujii, Y.; Kobayashi, H.; Yamanaka, H.; Arimoto, S.; Negishi, T.; Okamoto, K. Properties of hemolysin
and protease produced by Aeromonas trota. PloS one 2014, 9, e91149.

Figures

Figure 1

Clinical signs of P. glacincola infection of some red sea �shes: (A) Rhabdosargus haffara hemorrhagic body ulcer; (B) Cheilinus
lunulatus hemorrhagic body ulcer; (C) Rhabdosargus haffara liver congestion

Figure 2

Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the phylogenetic position of strain MRB63
and related members within the genus Psychrobacter, showing the evolutionary history. The optimal tree is shown. The
percentage of replicate trees in which the associated taxa clustered together in the bootstrap test is shown next to the
branches.
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Figure 3

Clinical signs of Haffara seabream (Rhabdosargus haffara), experimentally challenged with P. glacincola, showing (A) scale
loss and tail �n rot; (B) tail �n rot; (C) ulcer on the body; and (D) liver congestion.


