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An natural acute disease outbreak occurred in two rainbow trout farms located in northern Iran. Affected 
fish exhibited clinical symptoms, including ocular opacity, scale desquamation, skin necrosis, superficial to 
deep lesions on the dorsal and lateral body surfaces, loss of caudal peduncle tissue, mild exophthalmia, skin 
melanization, hepatic hemorrhage and paleness, excessive mucus accumulation in the abdominal cavity, 
renal paleness, and intestinal infection. Following biochemical analysis of the bacterium, gene sequencing 
was conducted, leading to the identification and registration of a strain known as K. rhizophila TMU97910 
in the NCBI gene bank. After the elucidation of the bacterium’s identity, salinity tolerance, and antibiogram 
tests were conducted. The results demonstrated that the strain exhibited complete resistance to salinity, 
allowing it to thrive in a wide range of salinity conditions. In antimicrobial assays, the isolate showed resist-
ance to Fosfomycin, while remaining sensitive to Florfenicol, Doxycycline, Oxytetracycline, Enrofloxacin, 
Sulfamethoxazole/Trimethoprim, Erythromycin, Gentamycin, and Kanamycin. To investigate the behavior 
of this bacterium in rainbow trout, pathogenicity, LD50, and histopathology analyses were conducted in 
three replicates. Pathogenic symptoms in trout remained consistent. Histopathological examination of the 
liver, kidney, spleen, and gills revealed extensive tissue damage caused by this strain, including necrosis, 
hemorrhage, degeneration, and tissue wounds. Subsequently, bacterial recovery was achieved, and negative 
results for the detection of other pathogens confirmed that Kocuria rhizophila was responsible for the dis-
ease outbreak.
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Introduction  

One of the prominent species cultured in the 
aquaculture industry is Rainbow trout (On-

corhynchus mykiss). Despite the increasing investment 
in its cultivation to produce and supply aquatic food 
products, rainbow trout is susceptible to a variety of 
bacterial infections, leading to significant production 
losses due to morbidity and mortality. Prompt identi-
fication and reporting of emerging infectious diseas-
es are crucial to ensure optimal biosecurity practices 
that support the development of health and welfare in 
farmed fish, as well as the promotion of global prod-
uct placement.

Understanding the inhibiting factors that impact 
the progression of aquaculture is crucial. Therefore, 
this essay delves into the outbreak of a disease in rain-
bow trout farms situated in northern Iran, which was 
documented in November 2018. Affected fish exhib-
ited symptoms such as hemorrhagic septicemia, ex-
tensive wounds on the dorsal and lateral areas, and 
lesions on the caudal peduncle, r in some cases lead-
ing to the complete exposure of the vertebral column. 
Additionally, some parts of the skin were detached 
from the underlying tissue. Reports from the affected 
sites also indicated occurrences of exophthalmia, skin 
melanization, ocular opacity, and elevated mortality 
rates. 

Preliminary diagnosis based on both clinical 
observations and biochemical analyses suggested a 
bacterial etiology, indicating the emerging pathogen 
Kocuria spp. Members of the Kocuria belong to the 
family Micrococcaceae, within the order Actinomy-
cetes [1]. Based on the phylogenetic reclassification of 
the genus Micrococcus using 16S  rDNA sequencing 
and chemotaxonomic data, the genus was found to be 
heterogeneous, with  its species distributed across five 
distinct clusters. Consequently, only M. luteus and M. 
lylae were retained within the emended genus Micro-
coccus, while three species M. roseus, M. varians, and 
M kristina were transferred to the novel genus Kocu-
ria [2]. These Gram-positive coccoid bacteria whose 
main habitat is soil were first isolated and reported 
from the rhizoplane of Typha angustifolia [3]. 

Overall, The aforementioned information serves 
as the basis for asserting that a recent discovery has 
identified a specific species within the Kocuria ge-
nus, Kocuria rhizophila, as an "emerging pathogen" 
responsible for causing illness in brown trout and 
farmed rainbow trout in Poland [4]. It is clear that 
there is limited available data regarding the impact of 
this microorganism on natural disease outbreaks in 
aquaculture settings. Therefore, the present study

aims to investigate the prevalence, virulence fac-
tors, histopathological features, and control measures 
of an emerging disease caused by Kocuria rhizophila 

Results
Fish Sampling During a Natural Disease Out-
break

Moribund rainbow trout exhibited a range of ex-
ternal clinical signs consistent with systemic bacterial 
infection. These included hemorrhagic septicemia, 
deep ulcerative lesions on the dorsal and lateral body 
surfaces, and lesions localized to the caudal peduncle. 
Additional clinical manifestations included exoph-
thalmia, skin melanization, and ocular opacity. Inter-
nally, the fish displayed renal opacity, liver congestion, 
and intestinal inflammation.

Bacteria Isolation, Identification, and Morpho-
logical Characteristics

Regardless of the agar type used, colony growth 
was completed at 22°C after approximately 48-72 
hours and at 37°C within 24 hours. The bacterial col-
onies were characterized as non-mucoid, yellow pig-
mented, convex circular, and umbonate with entire 
margin. No hemolytic activity was observed on blood 
agar. The cultures were identified as Gram-positive 
cocci, exhibiting positive oxidase and catalase reac-
tions. The isolates were non-motile, and exhibited a 
non-fermentative metabolic profile, as indicated by 
the TSI test, which showed no gas or H2S production. 
Additionally, the bacterium did not metabolize tryp-
tophan, mannitol, or citrate, and no glucose fermen-
tation was detected.

Bacterial DNA extraction and identification 
using PCR and 16SrRNA sequencing

A distinct 1500 bp amplicon was observed in the 
eubacterial PCR assay. However, 16S rRNA sequenc-
ing yielded a partial gene sequence of 1394 bp, which 
was subsequently submitted to the GenBank data-
base. Sequence analysis of the 16S ribosomal RNA 
confirmed the isolate as Kocuria rhizophila strain 
TMU97910. The strain name was officially registered 
in the National Center for Biotechnology Information 
(NCBI) database. The nucleotide sequence has been 
assigned the accession number MW947584, and the 
complete genome sequence, and interpretation of K. 
rhizophila TMU97910 can be accessed via the follow-
ing NCBI link: https://www.ncbi.nlm.nih.gov/nuc-
core/MW947584. The phylogenetic tree is presented 
in Fig 1.

in rainbow trout farms in Iran, through the isolation 
and identification of the bacterium from regional 
aquaculture facilities.
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Salinity tolerance test
The strain K. rhizophila TMU97910 exhibited ro-

bust growth across all NaCl concentrations, as indi-
cated by viable colony counts. Conversely, no growth 
was detected in the negative control.

Antibiogram Testing
The antibiotic susceptibility profile of K. rhizophi-

la strain TMU97910 is presented in Table 1. The strain 
demonstrated sensitivity to several antibiotics, includ-
ing Florfenicol, Enrofloxacin, Oxytetracycline, Dox-

Figure 1. 
The Kocuria rhizophila phylogenetic tree 
based on 16SrRNA sequence

Antimicrobial agentDisc contentKocuria rhi-
zophila

Florfenicol30 µg40 mm- S

Trimethoprime/sulfame-

thoxazole
1.25/23.75 µg37 mm- S

Gentamicine10 µg40 mm- S

Kanamycine30 µg21 mm- S

Oxytetracycline30 µg35 mm-S

Doxycycline30 µg40 mm-S

Fosfomycin20 µg0 mm-R

Enrofloxacin5 µg35 mm-S

Table 1.
Antibiogram test of Kocuria rhizophila TMU97910

ycycline, Sulfamethoxazole/Trimethoprim, Erythro-
mycin, Gentamycin, and Kanamycin. However, the 
strain exhibited resistance to Fosfomycin.

Pathogenicity and LC50

The mortality of rainbow trout began in all fish 
groups exposed to the bacterium within 48 hours 
post-injection. The mortality patterns were consistent 
across all concentrations during the initial four days. 
At the lowest concentration (102 CFU/fish), mortality 
reached 60%. Subsequently, after seven days of stabili-
ty, mortality increased rapidly to 80% by day 11. In the 
103 CFU/fish group, mortality also reached 60%, re-
mained stable for six days, and then increased sharply 
to 100% by day 11 post-infection. Higher concentra-
tions (104, 105, and 106 CFU/fish), resulted in rapid 
mortality within the first three days, reaching 60%, 
80%, and 40% respectively. After one day of stabili-
ty from day 4, there was a rapid increase in mortality 
exceeding 100%. The results of the probit analysis and 
the survival plot are presented in Figures 2A and 2B, 
respectivel.

The experimental challenge study revealed typi-
cal clinical signs observed in moribund rainbow trout 
exposed to the bacterium. Affected fish exhibited skin 
damage, necrotic areas leading to tissue damage of the 
caudal peduncle, focal ulcers on the dorsal and lateral 
body surfaces, ocular opacity, and pale liver and kid-
ney.
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Figure 2.
 2A. Probit analysis for deter-
mination of LD₅₀ in rainbow 
trout challenged with Kocu-
ria rhizophila TMU97910.
2B. Kaplan-Meier survival 
plot of rainbow trout chal-
lenged with Kocuria rhizo-
phila. Statistical significance 
was determined using Log-
rank test (p < 0.0001).

A

B

Histopathology 
Histopathological results are presented in Fig 3. 

Re-isolation of the bacterium from the liver, kidney, 
spleen, and gills, followed by biochemical tests, in ac-
cordance with Koch’s hypothesis, verified the presence 
of K. rhizophila in these organs. The histopathologi-
cal changes in the rainbow trout (B, E, H, K) injected 
with K. rhizophila were examined. The histological 
alterations in the kidney demonstrated tubular de-
generation, severe lesions, and necrosis (B). The liver 
illustrated cellular necrosis, hypertrophy, congestion, 
hemorrhage, sinusoidal dilation, and the presence of 
pyknotic nuclei. The gills showed necrosis, edema, hy-
pertrophy of mucous cells, curvature, clubbing of the 
tips, shortening of secondary lamellae, and epithelial 
individuation (H). The spleen tissue of the rainbow 
trout illustrated hemosiderin, necrosis, white pulp, 
and red pulp (K).

Discussion
To address the emerging threat of Kocuria rhizo-

phila in rainbow trout aquaculture, this investigation 
focused on determining the occurrence, virulence 
attributes, histopathological damage, and practical 
control strategies, drawing upon bacterial strains 
successfully isolated from affected farms across Iran. 
The present study successfully fulfilled Koch’s postu-
lates, confirming that the strain identified as Kocuria 
rhizophila TMU97910 is capable of inducing disease 
under experimental conditions, similar to the natural 
disease observed in rainbow trout. Although this bac-
terium was not considered a pathogen to farmed fish 
species before the first report [4], the results from the 
current study, similar to Pekala’s report, support the 
emergence of K. rhizophila as an emerging fish patho-
gen. In the current study, the disease emerged in an 
acute form in the investigated farms. The naturally 
infected fish presented a broad range of clinical signs, 
including exophthalmia, melanization, skin lesions, 
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Figure 3. 
Histopathological changes in rainbow trout due to Kocuria rhizophila infection were observed in 
various tissues (2, 4, 6, 8). The histological examination of the kidney from the infected group 
revealed tubular degeneration, severe lesions, and necrosis (2), whereas the liver exhibited mela-
nomacrophages, necrosis, hypertrophy, congestion, hemorrhage, sinusoidal dilatation, and pyk-
notic nuclei (4). Similarly, the gills showed necrosis, edema, hypertrophy of the mucous glands, 
curvature, clubbing of the tips, shortening of secondary lamellae, and epithelial individuation (6). 
The spleen tissue of the infected rainbow trout displayed hemosiderin, necrosis, white pulp, and red 
pulp (8). Abbreviations: (M) Melanoma macrophages; (H) hematopoietic tissue; (L) tube lumen; 
(Dt) distal tubules; (D) degeneration of tubules; (SL) Severe lesions; (N) necrosis; (Ht) Hypertro-
phy; (Cs) Congestion; (H) Hemorrhage; (Ds) Dilatation Sinusoidal; (PN) Pyknotic Nuclei; (HS) 
Hemosiderin; (Oe) Oedema; (Htm) Hypertrophy of the mucous glands; (Cu) Curvature; (Ct) Club 
tip; (SSL) shortening of secondary lamellae; (EI) Epithelial individuation; (Wp) White pulp; (Rp) 
Red pulp; Fibroblast. Stained with hematoxylin and eosin (x400)
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es, may contribute to drug resistance in Mycobacte-
rium tuberculosis [12]. The genome of K. rhizophila 
DC2201 also contains a dinB homolog (KRH_14930) 
that may encode the Y family-susceptible DNA poly-
merase IV, potentially leading to drug resistance [13]. 
In the present study, K. rhizophila exhibited resis-
tance only to fosfomycin while remaining sensitive 
to a broad range of antibiotics, including florfenicol, 
doxycycline, oxytetracycline, enrofloxacin, sulfame-
thoxazole/trimethoprim, erythromycin, gentamicin, 
and kanamycin, which could aid in controlling and 
treating diseases caused by this strain.

It is important to note that the identification and 
confirmation of pathogenic agents require pathoge-
nicity studies. In other words, in the case of poten-
tial emerging or novel diseases, pathogenicity assess-
ment are essential to confirm whether the potential 
pathogen is the etiological agent responsible for the 
observed disease outbreak. In the presented study, the 
bacterium was introduced via injection, which is a 
common method for determining etiology but is also 
the most unnatural, as it bypasses the host’s immune 
response, providing a better chance for the bacteria 
to spread and cause disease. Therefore, studies on the 
natural exposure of fish to bacteria are necessary to 
determine disease risk. However, the bacterial strain 
recovered from natural outbreaks in the farms not 
only caused high mortality in rainbow trout but also 
induced clinical signs of the disease.

As no accessible results were available to deter-
mine the LD50 of this bacterium in rainbow trout, we 
investigated the LD50 in O. mykiss. According to the 
linear graph, the mortality trend increased rapidly in 
the first three days and reached 100% by the 14 day in 
all groups except at a concentration of 102 CFU/fish. 
The LD50 at 72 hours was 5×109 CFU/fish. Therefore, 
these results serve as a warning to the aquaculture in-
dustry regarding the significance of this bacterium in 
causing disease in these fish.

Histopathological analysis remains the primary 
diagnostic tool available for fish disease, while oth-
er methods are used for laboratory confirmation of 
pathogen identification. In the present study, the his-
tological changes in the kidney demonstrated tubular 
degeneration, severe lesions, and cellular necrosis. The 
liver showed accumulation of melanomacrophages, 
necrosis, hypertrophy, congestion, hemorrhage, sinu-
soidal dilatation, and pyknotic nuclei [14]. Haaparan-
ta [15] reported that pigments within melanomacro-
phage centers possess bactericidal properties, which 
may explain the accumulation of melanomacrophages 
during infection. Additionally, as a result of the entry 
of foreign agents into the fish body, phagocytic cells 
accumulate at the site and continue to cleanse the 
dead agents and cells after their elimination [16].

necrotic tissue erosion, ocular opacity, superficial to 
deep wounds on the body tissue, pale liver and gills, 
along with intestinal inflammation. Notably, a similar 
spectrum of clinical symptoms was observed in rain-
bow trout infected by K. rhizophila naturally and arti-
ficially (experimental challenge).

Prior to 2016, data in the NCBI Gene Bank data-
base did not document the isolation of K. rhizophila 
from diseased fish. The first report of its pathogenicity 
in aquaculture industry was recorded in 2018 in Po-
land [4].

In the current study, K. rhizophila strain 
TMU97910 required an incubation period between 
48 to 72 h when grown on artificial media incubated 
at 22 or 37°C. This was in agreement with previous 
studies by Savini [5] and Pekala [4] on strains of K. 
rhizophila.

Another remarkable feature of the genus Kocuria 
is its halotolerant nature. Several species, including 
K. kristinae, K. rhizophila, and K. marina, have been 
reported to tolerate sodium chloride concentrations 
exceeding 10% [3; 6]. In the present study, the strain 
K. rhizophila TMU97910 could grow at all salinity 
ranges tested under in vitro conditions, aligning with 
previous studies for members of this genus. This fea-
ture demonstrates that the strain has the potential to 
cause disease not only in brackish and freshwater fish 
but also in saltwater fish. In other words, the strain 
showed to survive in saline environments from zero 
to saturation effortlessly.

The antibiotic susceptibility profile of Kocuria 
species remains incompletely understood. Although 
there are case reports of antimicrobial susceptibility 
test results, they are insufficient to determine the ex-
act susceptibility of Kocuria species [7]. Limited data 
is available on the antibiotic sensitivity of emerging 
fish pathogen K. rhizophila. For example, Pakala et 
al. [4] observed susceptibility of their K. rhizophila 
strains to doxycycline and amoxicillin/clavulanate, 
whereas resistance to norfloxacin was observed in a 
study where K. rhizophila was isolated from the blood 
of a child with sepsis [8]. Another study reported re-
sistance of K. rhizophila isolated from a sick child’s 
blood to ciprofloxacin and erythromycin [9]. Meletis 
[10] found that Kocuria isolated from a continuous 
ambulatory peritoneal dialysis (CAPD) patient was 
resistant to levofloxacin. Lee [11] highlighted the im-
portance of Kocuria in nosocomial infections, sug-
gesting that Kocuria species should be considered po-
tential pathogens in immuno-compromised patients, 
particularly in intensive care and neonatal units. They 
reported that over 50% of patients suffered inva-
sive infections with Kocuria as a secondary disease. 
Studies on drug resistance genes have indicated that 
DnaE2, a component of replicating DNA polymeras-
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In the gills, necrosis, edema, mucous glands hy-
pertrophy, club tip, shortening of secondary lamellae, 
epithelial individuation, and curvature were observed. 
The shortening of secondary lamellae in gills may lead 
to reduced respiratory gas exchange, as reported in 
the study by Ostaszewska [17]. Edema and epitheli-
al individuation in rainbow trout are likely associated 
with osmotic imbalance, as previously described by 
Al-Bairuty [14]. Moreover, hypertrophy is a compen-
satory reaction to decrease the absorption of environ-
mental factors. Overall, these mechanisms increase 
the distance between the external environment and 
the blood, serving as an obstacle to the entrance of 
foreign agents. The decrease in surface area causes a 
reduction in respiration, as recorded in the study by 
Camargo [18].

In the spleen, the presence of necrosis, hemosid-
erin deposits, and white and red pulp were observed. 
The presence of hemosiderin in the rainbow trout in-
fected by K. rhizophila at a concentration of 106 CFU/
fish is due to b-hemolysin, which performs hemolysis 
in the fish’s body and causes the deposition of hemo-
siderin, as reported in the study by Abdelhamed [19].

The areas of necrosis are the most significant le-
sions created in all four tissues. Histological chang-
es might be toxin-mediated bacterial infections, 
evidenced by the level of hemorrhages and cellular 
necrosis, similar to descriptions reported by Abdel-
hamed [19]. Other studies have indicated that when 
fish are exposed to toxic substances, the gills present 
lesions such as necrosis, hypertrophy, and hypertro-
phy of the mucous glands [20; 21; 22].

In a study by Dong [23], it was stated that histo-
pathological changes induced by gram-negative and 
positive bacteria are often similar, including necrosis, 
infiltration of inflammatory cells, degeneration, hy-
drolysis, fat degeneration, and hemorrhage. Accord-
ing to them, kidney damage in fish was observed with 
almost all isolates of gram-positive bacteria. It is evi-
dent that serious damage has been done to the tissues 
by this strain.

Despite the documentation of Kocuria species in 
various countries, there has been no prior documen-
tation of their pathogenicity in the Iranian aquacul-
ture industry. This study revealed that K. rhizophila 
is an emerging fish pathogen capable of causing dis-
ease in rainbow trout, representing the first reported 
rainbow trout infection by this strain in Iran. Given 
the significance of this disease in the aquaculture in-
dustry, this study conducted pioneering research on 
the histopathology, pathogenicity, and LD50 of this 
bacterium. Additionally, as it is an emerging disease 
without a specific designation, the disease caused by 
K. rhizophila can be termed “Kocuriasis.”

Fish sampling and bacteria isolation
In November 2018, a total of 20 moribund rainbow trout ex-

hibiting clinical manifestations, consistent with those described 
by Pekala [4], were collected from two aquaculture facilities in 
Amol, northern Iran. The fish were transported to the laboratory 
of the Faculty of Marine Sciences at Tarbiat Modares University 
(Noor), under aeration at a temperature of 17°C for 45 minutes. 
Upon arrival at the laboratory, the fish underwent a gross exam-
ination to assess clinical signs of disease, and samples were collect-
ed for bacterial isolation following the methodologies outlined in 
the study by Pekala [4].

Prior to sampling, the fish were rinsed with physiological sa-
line (0.9% NaCl, Merck) to eliminate any external contaminants. 
Subsequently, aseptically, tissue samples from the kidney, liver, and 
spleen were cultured on Blood Agar plates (BA; 5% sheep blood, 
Ibresco), Trypticase Soy Agar (TSA, Ibresco), and Nutrient Agar 
(NA, Liofilchem). The samples were then incubated at 22°C for 
24-72 hours until visible colonies appeared. Blood culturing (from 
the caudal vessel) was conducted following the protocol outlined 
by Weinstein [24]. Briefly, 0.1 mL of broth was spread-plated onto 
BA, TSA, and NA media and incubated at 22°C for 24-72 hours. 
Daily monitoring of all samples continued for a maximum of 72 
hours, with detailed descriptions of colony growth and morphol-
ogy. Purification was carried out as necessary. Subsequent subcul-
turing of a single colony on BA was performed at both 22°C and 
37°C for 24-48 hours. Pure cultures were then preserved at -80°C 
in Tryptic Soy Broth (TSB, Ibresco) supplemented with 15% glyc-
erol (Merck) [4].

Bacteria identification and morphological 
characteristics

Morphological and biochemical characterizations were con-
ducted according to the methods outlined in Buller [25]. Pheno-
typic and biochemical reactions were assessed through a series of 
tests, including Gram staining, oxidase and catalase tests, hemo-
lysis analysis, motility examination, Indole test, iron utilization 
test, sodium thiosulfate test (SIM), growth on Mannitol Salt Agar 
(MSA), Triple Sugar Iron (TSI) test, MacConkey agar (MAC) 
growth, Methyl Red/Voges-Proskauer (MRVP) test, and Citrate 
utilization test as described by Buller [25]. Each sample was incu-
bated at either 22°C or 37°C for a period of 48-72 hours, with pos-
itive and negative controls set at each temperature. Subsequently, 
the results of these tests were recorded.

 Bacterial DNA extraction and identification 
using PCR and 16SrRNA sequencing

Genomic DNA was extracted from the isolate utilizing the 
methodology outlined in the commercially accessible Sinagen 
kit (Iran). In summary, a single colony was cultured into 100 ml 
of Tryptic Soy Broth (TSB) for 24 hours at 37°C, and bacterial 
DNA was isolated using a digestion buffer comprising Sodium 
Dodecyl Sulfate (SDS), sodium Chloride-Tris-EDTA (STE) buf-
fer, and proteinase K. The purification process involved two stag-
es of extraction with Phenol, Chloroform, and Isoamyl alcohol 
(25-24-1), followed by DNA precipitation with absolute ethanol. 
Subsequently, the DNA was eluted in 50 μL of sterile distilled 
water. The sample underwent 16SrRNA PCR analysis as per the 
techniques delineated by Sanger [26] employing the primer set: 
27F (AGAGTTTGATCCTGGCTCAG) and 1492R (TACGGY-
TACCTTGTTACGACTT) [26]. The PCR was carried out in a 
PeQlab thermocycler (Germany), with under the following con-
ditions: initial denaturation at 95°C for 15 minutes, followed by 
35 cycles comprising denaturation at 95°C for 30 seconds, anneal-
ing at 72°C for 25 seconds, and extension at 72°C for 10 minutes. 

Materials and Methods
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Subsequently, 5 μl of the product was visualized on a 2% agarose 
gel in TBE 1X buffer supplemented with Greenview fluorescent 
dye. The PCR product underwent purification using a Column 
RNA isolation kit and was then sent for sequencing to Transferred 
(BJI Company; China). A comparison between the sequence of 
the isolate and existing entries in Gen Bank was conducted, and a 
phylogenetic tree was constructed utilizing MEGA 7.0 software.

Salinity tolerance test
Salinity tolerance was evaluated using a standard bacteri-

al growth assay as previously described [3]. A single colony was 
aseptically inoculated into 10 ml of Tryptic Soy Broth (TSB) with 
varying NaCl concentrations (5% - 40% w/v). The cultures were 
incubated in a rotary shaker (150 rpm) at 22°C for 24 hours. Bac-
terial growth (turbidity) was quantified using a spectrophotome-
ter (JENWAY 6305 UV/VIS) at OD600 [27]. After 24 hours, 100 μl 
of the culture was aseptically spread on Tryptic Soy Agar (TSA) 
plates to confirm cell viability and then incubated at 22°C for an-
other 24 hours.

Antibiogram test
Antibiogram tests were conducted using the Kirby-Bauer disc 

diffusion assay, following the procedures outlined in  CLSI (2006). 
In summary, a bacterial suspension was prepared in sterile physio-
logical saline and adjusted to match the 0.5 McFarland standards. 
Lawn cultures were established by aseptically applying swabs sat-
urated with the bacterial suspension onto clean Muller Hinton 
agar (Ibresco) plates. Subsequently, the plates were allowed to 
air dry at room temperature for 5 minutes before antibiotic-im-
pregnated paper discs (procured from Padtan Teb) were carefully 
positioned on the agar and then incubated at 22°C for 24 hours. 
Each agar plate accommodated a maximum of 5 discs. The zones 
of inhibition were measured, and the findings were categorized 
as sensitive (≥16 mm), intermediate (12–15 mm), or resistant 
(≤11 mm) based on the diameter of the inhibition zones [28]. The 
antibiogram tests included: Florfenicol (FF-30 µg), Enrofloxacin 
(NFX-5 µg), Oxytetracycline (T-30 µg), Doxycycline (D-30 µg), 
Sulfamethoxazole/Trimethoprim (SXT-1.25 / 23.75 µg), Erythro-
mycin (E-15 µg), Gentamycin (GM-10 µg), Kanamycin (K-30 µg), 
and Fosfomycin (Fos-20 µg).  

In-vivo Fish Challenge
To assess the pathogenicity, an in vivo challenge was conduct-

ed on rainbow trout. The fish (130-145 g) were obtained from a 
local farm in Mazandaran province, transported, and placed in 
100-liter aerated tanks under a 12-hour light/dark cycle, with a 
water temperature of 17°C, oxygen levels at 8 mg/l, and a pH of 
7.2. Throughout the 14-day acclimation period, the fish were fed 
twice daily with a standard commercially extruded feed, and fifty 
percent of the water was exchanged daily.

To enhance the bacterial virulence, individual fish (n=3) were 
injected with 1.2 ×108 CFU/fish. The bacterium was then isolated 
from the moribund fish and subsequently identified. This pas-
saged strain was selected for the challenge and subsequent LD50 
studies.

For LD50 determination, fish were randomly distributed into 
experimental groups (n = 5 per tank). There were six treatment 
groups where each fish were exposed to the bacterium through in-
traperitoneal injection of a 0.1 ml volume of the bacterial suspen-
sion at concentrations of 102/103/104/105/106 CFU/fish. The final 
treatment group served as a control, where fish were treated in the 
same manner but did not receive the bacteria; instead, the control 
fish were injected with 0.85% (w/v) saline. The LC50 (96h) was cal-
culated using Probit Analysis with a 95% confidence interval [29].

For the bacterial challenge, the bacterium was cultured in TSB 
for 24 hours at 22°C. The cells were then harvested by centrifuga-

tion and resuspended with sterile saline to reach a specific optical 
density (OD600). The concentration of the bacterium resulting in 
more than 50% mortality was confirmed during the LD50 stage us-
ing viable colony counts, following the method described by Miles 
and Misra [30].

Each fish in treatment group one was exposed to the bac-
terium through intraperitoneal injection of a 0.1 ml volume of 
the bacterial suspension. Fish in treatment group two received 
a similar volume of sterile 0.85% (w/v) saline via intraperitoneal 
injection, as outlined by Alghabshi [31]. The fish were monitored 
daily for 14 days, with mortality and morbidity recorded every 24 
hours. Any moribund fish was removed and sampled for histopa-
thology (limited to moribund fish only), with bacterial recovery 
and identification conducted as previously described.

The fish were observed daily for any clinical signs of disease, 
including reduced feeding and behavioral changes. Samples were 
collected for bacterial recovery and histopathology as outlined. 
These trials were conducted to fulfill Koch’s postulates.

Histopathology
Tissue samples from the gills, liver, spleen, and anterior kid-

ney were collected from three fish per treatment group (when 
they exhibited immobility and weakened operculum perfor-
mance). Samples were were aseptically extracted and processed 
for histopathological analysis, following the procedures outlined 
in the study by Chen [13]. Initially, all tissues were immersed in 
10% formalin (Sigma-Aldrich) for 24 hours for fixation followed 
by processing using a Tissue Processor (DS2080/H, Iran) and Tis-
sue Float Machines (Labtron, Iran), followed by embedding in 
wax. The tissue sections were sliced to a thickness of 5 microm-
eters using a Microtome Accu-Cut (Accu-Cut® SRM™ 200 Rota-
ry Microtome) and subsequently stained with hematoxylin and 
eosin (HE) as described by Chen [32]. The tissue samples affixed 
to microscope slides were examined under a light microscope at 
magnifications of up to 100×, equipped with a camera (Optika, 
B-293, Italy) for image capture, in accordance with the methodol-
ogy detailed by Legario [33].
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