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Abstract 

Background & Objectives: Streptococcosis, primarily caused by Streptococcus iniae and Lactococcus 

garvieae, causes high mortality and economic losses in rainbow trout (Oncorhynchus mykiss) worldwide. 

The disease is systemic, associated with septicemia and hemorrhages, and vaccination is the most   

effective preventive strategy. Since successful vaccination depends on highly  virulent strains, this study 

isolated and characterized streptococcal pathogens from diseased fish to select a potent vaccine candidate. 

Materials & methods: In this experimental study, 111 clinical samples were collected from rainbow 

trout with clinical signs of streptococcosis from commercial fish farms. Identification was conducted 

via experimental culture methods, biochemical profiling and 16S rRNA gene PCR were used for     

bacterial characterization. In vivo virulence was assessed by determining the median lethal dose 

(LD₅₀) in rainbow trout. 

Results: Bacteriological analysis  of clinical samples revealed that 95% of isolates were gram-positive 

cocci by staining. Molecular techniques confirmed 37.84% of isolates as Lactococcus garvieae (1100 

bp product) and 18.92% as Streptococcus iniae (300 bp product), while 43.24% of isolates yielded no 

identifiable L. garvieae or S. iniae. Virulence assessment via the Reed and Muench method revealed 

LD₅₀ values of 10²·⁴¹ for L. garvieae isolate LG001 and 10²·⁸³ for S. iniae isolate SE001, indicating 

high pathogenicity in both isolates. 

Conclusion: This study provides essential data for the selection of a highly virulent streptococcal 

strain as a vaccine candidate and offers a scientific basis for developing an effective vaccine to control 

streptococcosis in rainbow trout, thereby reducing economic losses in aquaculture and minimizing 

zoonotic risks. 
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identified in numerous human clinical cases 

that specify its potential role as a zoonotic   

pathogen (10). While S. iniae is familiar for its 

impact on aquaculture, it has also gained        

attention as a zoonotic risk and causing         

infections in humans through injuries from    

handling infected fish (11). S. iniae infection in 

trout causes more chronic progression obvious 

by distinct lesions, whereas L. garvieae leads to 

acute systemic disease and rapid mortality (8). 

Accurate identification and characterization of 

these pathogens are essential for the development 

of effective control measures, including targeted 

antibiotic treatments, vaccination strategies, and 

biosecurity protocols. Traditional bacteriological 

methods, while useful, may be insufficient for 

distinguishing closely related strains. Hence, 

molecular techniques such as polymerase chain 

reaction (PCR) is increasingly employed to 

complement phenotypic analyses and ensure 

precise identification. 

Besides the identification, understanding the 

pathogenic potential of these bacteria through 

in vivo studies provides critical insight into 

their virulence mechanisms. This information is 

vital for evaluating the risk they pose under 

farm conditions and for designing effective   

preventive strategies.  

Due to the limited information regarding the 

development of effective fish vaccines in Iran, 

and a need for isolation of L. garvieae and S. 

iniae, this study aimed to isolate and identify   

L. garvieae and S. iniae from diseased fish 

from different area of Iran, characterize them 

using biochemical and molecular methods, and 

evaluate their pathogenicity under experimental 

conditions. The findings are predictable to     

enhance the understanding of these pathogens 

biology and epidemiology and to support        

the development of more effective disease        

management strategies in aquaculture.  

Introduction 

Aquaculture has become one of the fastest 

growing food production sectors worldwide, 

playing a vital role in global food security by 

providing an essential source of high-quality 

protein for millions of people (1). However, the 

rapid expansion of fish farming has been       

accompanied by a rise in infectious diseases, 

particularly those caused by bacterial pathogens, 

which compromise fish health, reduce       

productivity, and can lead to substantial         

economic losses in fish farms  (2). One of the 

most important bacterial diseases in aquaculture 

is streptococcosis, a septicemic infection that 

causes severe economic damage in both marine 

and freshwater fish species across the globe  

(3). Streptococcosis outbreaks are often        

temperature-dependent, typically occurring in 

warmer waters at temperatures above 15 °C, 

while cold-water outbreaks are less frequent 

and occur below this threshold (4). The primary 

causative agents in this infection are Lactococcus 

garvieae and Streptococcus iniae, both of 

which are Gram-positive cocci known to       

induce severe systemic infections in fish (5,6). 

L. garvieae was formerly classified as a  member 

of the lactic acid bacteria, but was later         

reclassified as based on genetic and phenotypic 

characteristics (7). It predominantly affects 

warm-water species such as yellowtail and 

trout, causing hemorrhaging and multi-organ 

failure (8). In contrast, S. iniae is a versatile 

pathogen capable of infecting a broad range of 

fish species, including tilapia and groupers, 

particularly in tropical and subtropical regions 

(6). Outbreaks associated with these pathogens 

typically occur at temperatures between 15–20 

°C (9).  

L. garvieae was first reported as a disease in an 

intensive rainbow trout (Oncorhynchus mykiss) 

farm in Japan and also has since been           
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untreated control (BHI alone), and two others 

supplemented with sodium chloride (NaCl) at 

concentrations of 5% and 6.5%. Briefly,           

10 µL of bacterial suspension in sterile PBS 

(phosphate-buffered saline) was aseptically       

inoculated in duplicate different BHI broth. The 

inoculated tubes were incubated at 37°C for 24 

hours, after which bacterial growth was           

evaluated. 

C) Molecular Identification:  

1. DNA Isolation: Suspected bacterial isolates 

were subjected to DNA extraction. A single 

colony of each isolate was suspended in 100 µL 

of sterile distilled water. The suspension was 

then heated at 95 °C for 10 minutes in a         

TermoBlok to lyse the bacterial cells and        

release genomic DNA (13). After boiling, the 

tubes were centrifuged at 12,000 g for 2    

minutes to pellet cellular debris. The supernatant 

containing crude DNA was carefully           

transferred to a new sterile tube and stored at      

-20 °C for downstream molecular analyses. 

2. PCR assay: Definitive identification of        

L. garvieae and S. iniae was done by polymerase 

chain reaction assay targeting the 16S rRNA 

gene (14). Species-specific primers were       

utilized to amplify an approximately 1100 bp 

fragment for L. garvieae and a 300 bp fragment 

for S. iniae, in accordance with previously     

established protocols (15). The Sequences of 

the primers are listed in Table 1. 

3. Pathogenicity of isolates in rainbow trout: 

To determine bacterial severity, the conventional 

LD50 method was employed using the Reed 

and Muench technique (16). Briefly, bacteria in 

the logarithmic phase were harvested by        

centrifugation at 4500 g for 10 minutes, washed 

with sterile PBS, and diluted tenfold from 10 ² 

to 10⁷ CFU/ml, confirmed by McFarland      

standards and viable counts. For each             

isolate, 210 rainbow trout (25 g) were allocated 

Materials and Methods 

A) Sampling: In this experimental study, a    

total of 111 individual samples of fishes were 

collected from different aquaculture farms 

across various regions of Iran,  including 80 

specimens from diseased rainbow trout exhibiting 

clinical signs of streptococcosis and 31 bacterial 

isolates obtained from suspected fish. Sampling 

was conducted at aquaculture farms situated in 

Bushehr, Chaharmahal and Bakhtiari, Khuzestan, 

Fars, Kohgiluyeh and Boyer-Ahmad, and      

Mazandaran. The specimens were transported 

under sterile conditions  to the Microbiology 

Laboratory of the Razi Vaccine and Serum    

Research Institute, Shiraz branch. After          

recording of clinical signs, internal organs     

including kidney, liver, and brain were          

aseptically dissected and inoculated  onto      

various culture media like Blood Agar (BA), 

Tryptic Soy Broth (TSB), Tryptic Soy Agar 

(TSA), and Brain Heart Infusion (BHI) media 

and incubated at 37°C .  

B) Biochemical properties: Grayish-white, 

catalase and oxidase negative pure colonies 

were subjected to Gram staining. Then, the    

biochemical characterization of the isolates 

was carried out according to the protocol       

recommended by different researches for         

L. garvieae and S. iniae (12). All suspected      

L. garvieae and S. iniae isolates were assessed 

for bacterial growth potentials at 37 °C, and 

tests including catalase, oxidase, MR-VP 

(Voges-Proskauer) reactions, hydrolysis, different 

sugar consumption, oxidation and fermentation 

of glucose (O/F), production of indole and H2S, 

and SIM (sulfide-indole-motility), Merck, 

Darmstadt, Germany ) medium. All of these 

tests were read after 24 h of incubation at 37 °C.  

In addition, the growth potential of the isolates 

was tested to evaluate the salt tolerance, using 

three variations of BHI medium including: an 
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recorded daily over 10 days. To confirm the 

cause of death, bacterial cultures were           

performed on the kidneys and brains of         

deceased fish, with successful re-isolation of 

the injected     bacteria. Finally, LD50 calculated 

with the Reed-Muench LD₅₀ calculation         

formula: 

into six groups of 35 fish. Following anesthesia 

with clove extract, fishes were intraperitoneally    

injected with 0.1 ml of bacterial suspension 

corresponding to the designated protocol.    

Controls included a group injected with        

sterile PBS (negative control) and an              

uninjected handling control. Mortality was   

Table 1. Primer sequences of isolates.  

Target Gene Organism Amplicon Size Primer Name Sequence (5′–3′) Reference 

16S rRNA S. iniae 300 bp Sin1 (forward) CTAGAGTACACATGTAGCTAAG (15)  

   Sin2 (reverse) GGATTTTCCACTCCCATTAC   
16S rRNA L. garvieae 1100 bp Lg1 (forward) CATAACAATGAGAATCGC   (15) 

   Lg2 (reverse) GCACCCTCGCGGGTTG   

In this formula, the lower dilution is the        

dilution just below 50% mortality; percentage 

mortality above refers to the mortality at the 

next higher (more concentrated) dilution       

exceeding 50%; percentage mortality below is 

the mortality at the next lower (more diluted) 

dilution below 50%; and the dilution factor is 

the fold difference between serial dilutions, 

which equals 1 when using logarithmic values 

in a tenfold dilution series . 

 

Results 

A) Isolated samples: Out of  111 samples      

collected and cultured on selective and differential 

media, isolates were subjected to gram staining 

following incubation, which revealed that     

approximately 95% were gram-positive cocci. 

Species-level identification by using PCR and 

species-specific primers, confirmed 42 isolates 

(37.84%) as L. garvieae and 21 isolates (18.92%) 

as S. iniae. Approximately 43.24% of the re-

ceived specimens remained uncharacterized, as 

none of the identified bacteria matched those       

samples. Comprehensive data on the isolation 

of S. iniae and L. garvieae by province are    

presented in Table 2. 

Table 2. Distribution of bacterial isolates by geographic origin. 

    
Isolated samples 

Province Received samples L. garvieae (%) S. iniae (%) 

Bushehr 18 6 (5.41%) 4 (3.60%) 

Chaharmahal and Bakhtiari 15 6 (5.41%) 3 (2.70%) 

Khuzestan 12 5 (4.50%) 2 (1.80%) 

Fars 37 13 (11.71%) 6 (5.41%) 

Kohgiluyeh and Boyer-Ahmad 20 8 (7.21%) 4 (3.60%) 

Mazandaran 9 4 (3.60%) 2 (1.81%) 

Total 111 (100%) 42 (37.84%) 21 (18.92%) 
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D) LD50 results: Given the similarity of the 

isolates in both biochemical and molecular 

characteristics, all L. garvieae and S. iniae isolates 

were subjected to LD50 testing to assess their 

virulence (Table 3). The results of the LD50 

analysis are presented in Table 3 for all L. 

garvieae and S. iniae isolates.  

B) Biochemical test: In the biochemical tests, 

both species showed negative results for        

indole, citrate, motility, catalase, and oxidase, 

with MR/VP positive/negative and Alk/A on 

TSI. NaCl tolerance differentiated them: L. 

garvieae grew at 5% and 6.5% NaCl,        

whereas S. iniae did not.  

C) Molecular Identification: Molecular techniques 

were applied to verify the identities of isolates 

initially suspected based on staining and        

biochemical assays. PCR amplification confirmed 

that 37.84% of the isolates corresponded to L. 

garvieae, as evidenced by a distinct 1100 base 

pair band (Figure 1), and 18.92% of the         

isolates were identified as S. iniae, indicated by 

a specific 300 base pair PCR product (Figure 2). 

1100 bp 

Fig 1.  Gel electrophoresis of PCR products targeting the 

L. garvieae (1100 bp). From left to right: Lane 1 contains a 

100 bp DNA ladder (M), followed by the negative     

control (C-), positive control (C+), and test samples (1-5).  

300 

3       2       1    +C      -M      C 

Fig 2. Gel electrophoresis of PCR products targeting the 

S. iniae (300 bp). From left to right: Lane 1 contains a 

100 bp DNA ladder (M), followed by the negative       

control (C-), positive control (C+), and test samples (1-3). 

Table 3. LD50 obtained by Reed and Muench method. 

  L. garvieae LD50 S. iniae LD50 

1 LG001 102.41 SE001 102.83 

2 LG002 104.21 SE002 104.23 
3 LG003 103.88 SE003 104.13 
4 LG004 102.63 SE004 103.25 
5 LG005 104.76 SE005 103.64 
6 LG006 102.81 SE006 104.28 
7 LG007 103.42 SE007 103.82 
8 LG008 104.73 SE008 103.21 
9 LG009 104.97 SE009 104.47 
10 LG010 104.06 SE010 104.91 
11 LG011 105.12 SE011 103.54 
12 LG012 103.49 SE012 102.96 
13 LG013 103.17 SE013 103.31 
14 LG014 103.98 SE014 103.14 
15 LG015 104.18 SE015 103.97 
16 LG016 103.79 SE016 102.89 
17 LG017 102.96 SE017 103.75 
18 LG018 103.65 SE018 103.45 
19 LG019 104.35 SE019 104.02 
20 LG020 104.27 SE020 104.35 
21 LG021 103.13 SE021 102.92 
22 LG022 103.38     
23 LG023 103.55     
24 LG024 102.86     
25 LG025 105.15     
26 LG026 104.73     
27 LG027 104.96     
28 LG028 105.05     
29 LG029 104.78     
30 LG030 102.91     
31 LG031 103.72     
32 LG032 103.84     
33 LG033 104.27     
34 LG034 104.31     
35 LG035 104.62     
36 LG036 105.01     
37 LG037 102.88     
38 LG038 103.15     
39 LG039 104.51     
40 LG040 102.94     
41 LG041 103.87     
42 LG042 105.02     
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the one with the lowest LD50 was selected, 

with its details presented in Table 4. 

The LD50 values were determined using Probit 

analysis. Among the isolated bacterial strains, 

Table 4. Ten-day LD₅₀ data for L. garvieae (LG001) and S. iniae (SE001) isolates in rainbow trout based on serial 

dilution mortality rates. 

    L. garvieae isolate LG001 S. iniae isolate SE001 

Dilution Fish Tested Fish Dead Mortality rate % Fish Dead Mortality rate % 

107 25 25 100% 25 100% 

106 25 25 100% 25 100% 

105 25 25 100% 25 100% 

104 25 20 80% 20 80% 

103 25 16 64% 14 56% 

102 25 10 40% 5 20% 

Fig 3. Dose-response curve of L. garvieae LG001. Mortality 

rate (%) vs. log₁₀(dilution). Horizontal dashed line: 50% 

mortality. Vertical dashed line from curve to x-axis indi-

cates LD₅₀ dilution. 

Fig 4. Dose response curve for S. iniae isolate SE001. 

The horizontal and vertical dashed lines intersect on the 

curve at the point corresponding to 50% mortality (LD₅₀), and 

the vertical line marks the LD₅₀ dilution on the  x-axis.  

The dose response relationship, expressed as 

the percentage mortality against the logarithm 

(Log10) of dilution factor, is illustrated in       

Figure 3 for L. garvieae isolate LG001 and    

Figure 4 for S. iniae isolate SE001. The point 

where the horizontal dashed line (50% mortality) 

meets the dose-response curve, and from which 

the vertical dashed line drops to the x-axis,    

represents the median lethal dose (LD₅₀). This 

intersection provides a graphical estimation of 

the dilution required to kill 50% of the host 

population. According to the Reed and Muench 

method, the estimated LD50 values were 102.41 

for L. garvieae isolate LG001 and 102.83 for S. 

iniae isolate SE001.   

Discussion 

Infectious diseases represent a critical constraint 

to the sustainable growth and economic viability 

of the global aquaculture industry. The Iranian 

aquaculture sector similarly faces significant 

challenges, as evidenced by several studies 

conducted by local researchers (17,18). Among 

the various disease management strategies, 

vaccination remains the most cost-effective, 

practical, and environmentally sound approach 

for the prevention and control of infectious    

diseases in aquatic species. In Iran, researches 

aimed at the development and optimization of 

aquatic vaccines have been initiated and are 

progressively advancing within specialized   



Ali Shirazinezhad et al.  

94  Zand Molecular Microbiology. Volume 1 Number 2 (December 2025) 88 – 97  https://microbejournals.zand.ac.ir/ 

pathogenicity assessment of Lactococcus garvieae and Streptococcus iniae in Rainbow trout  

Biochemical testing of the Gram-positive cocci 

isolates revealed that they were negative in all 

assays except for growth in NaCl-enriched   

media. Notably, 50% of these isolates grew in 

media containing 5% and 6.5% NaCl, a growth 

profile consistent with L. garvieae, which is 

known to tolerate up to 6.5% NaCl (22).     

Conversely, 27% of the isolates failed to grow 

in salt-supplemented media, aligning with the 

recognized salt intolerance of S. iniae (23). 

In the present study, bacterial isolates initially 

identified through gram staining and biochemical 

tests, 42 isolates were confirmed as L. garvieae 

by the amplification of a 1100 base pair       

fragment, while the remaining 21 isolates were 

confirmed as S. iniae by the amplification of a 

300 base pair fragment, as previously described 

(24). Previous studies on the prevalence of       

L. garvieae in rainbow trout farms have        

demonstrated the widespread occurrence of    

infections caused by this pathogen in aquaculture 

systems in Iran (15). After confirming the     

isolates, their pathogenicity was evaluated to 

determine the most virulent isolates. This was 

accomplished by assessing the LD₅₀ of each 

isolate using the Reed and Muench method 

(25). Finally, the isolates exhibiting the highest 

virulence, with a LD₅₀ of 102.41 for L. garvieae 

and 102.83 for S. iniae, were selected for vaccine 

production and preserved at −70°C. 

 

Conclusion 

Streptococcosis caused by Streptococcus iniae 

and Lactococcus garvieae poses a significant 

threat to rainbow trout aquaculture, resulting in 

high mortality, economic losses, and potential 

zoonotic risks. In this study, clinical isolates 

from diseased trout were successfully identified 

through biochemical and molecular methods, 

and their virulence was evaluated using LD₅₀ 

assays. The most virulent isolate was identified 

research institutions (19). Within this framework, 

RVSRI-recognized as the principal authority in 

the research, development, and production of 

livestock and poultry vaccines in Iran-has      

initiated a strategic program aimed at the       

isolation, molecular characterization, and      

virulence profiling of L. garvieae and S. iniae 

strains from clinical cases of streptococcosis in 

rainbow trout aquaculture systems. The primary 

objective is the identification and selection of 

highly virulent strains for subsequent vaccine 

formulation. In the present study, clinical  

specimens and bacterial isolates from diseased 

rainbow trout suspected of streptococcal infection 

were systematically collected, resulting in the 

acquisition of 42 L. garvieae and 21 S. iniae 

isolates. The inability to recover viable cultures 

from certain specimens is likely attributable    

to factors such as suboptimal bacterial           

regrowth during sampling or cultivation, prior 

administration of antimicrobial agents, or       

bacterial degradation during transport, all of 

which may compromise bacterial viability and 

isolation success. 

89% of the samples cultured on blood agar and 

TSA, exhibited colonies with streptococcal 

characteristics, while the rest colonies lacked 

these features and were likely associated with 

other pathogenic or non-pathogenic fish bacteria. 

Smears were prepared from colonies grown on 

blood agar or TSA, followed by Gram staining. 

Among the colonies with streptococcal        

characteristics, more than 60% of the samples 

revealed Gram-positive cocci arranged in long 

chains, suggesting the presence of L. garvieae, 

consistent with previous reports indicating that 

this species typically forms relatively long 

chains (20). In the other cases, gram staining 

revealed gram-positive cocci predominantly in 

pairs or short chains, which, based on the      

literatures, are characterized as S. iniae  (21). 
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and preserved as a promising candidate for   

future vaccine development. These findings 

provide a solid foundation for targeted vaccination 

strategies aimed at controlling streptococcosis, 

improving fish health, and reducing both      

economic and public health impacts. 
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