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Abstract
Asian seabass (Lates calcarifer), an important species for mariculture in 
the Asia-Pacific region, has been threatened by various infectious 
diseases hampering the profitability of its aquaculture. Vibriosis is the 
most common disease leading to considerable mortality and economic 
loss. Recent studies revealed that Vibrio alginolyticus is one of the most 
common species that causes vibriosis in farmed aquatic animals, 
including L. calcarifer. Despite our understanding of the aetiology, there 
is little information on the subsequent histological changes following 
experimental infection in fish. The present study fills this gap by 
investigating the sequential histopathological alterations in Asian 
seabass post intraperitoneal injection with V. alginolyticus. Significant 
organ changes were seen in the spleen, kidneys, liver, and to a lesser 
extent, the gills. The findings revealed an initial latency before major 
tissue responses occurred, with the kidney exhibiting the earliest and 
most severe changes. The spleen and liver also showed substantial 
alterations, while the gills showed minor changes. Experimental V. 
alginolyticus infection resulted in 90-95% mortality within 24-48 hours 
post-challenge. Our findings contribute to a more thorough 
understanding of histological changes in Asian seabass during V. 
alginolyticus infection, highlighting the importance of disease 
progression, and mitigation measures.
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Introduction

With the escalation of global food insecurity (Mnisi et al., 
2021), which is further amplified by changing climates and 
pandemics such as COVID, enhancing food production to 
feed ever increasing population has become imperative. 
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Aquaculture, known to be the fastest-growing food-producing 
sector, has drawn increased attention for its potential to meet a 
substantial part of human nutrient requirements. In recent 
years, the Asian Seabass (Lates calcarifer) has emerged as 
a prominent species for cage aquaculture, especially in the 
Asia Pacific due to its euryhaline nature and meat quality 
(Ail and Bhatta, 2016; Venkatachalam et al., 2018). While the 
growth of aquaculture is encouraging, it is challenged by 
the occurrence of diseases, predominantly those caused 
by bacteria that can threaten the sustainability of farming 
(Mohd Yazid et al., 2021)

Vibriosis, a prominent bacterial disease in marine aquaculture, 
affects many fish and shellfish species. Several species 
under the genus Vibrio, eg. V. anguillarum, V. damsela, 
V. alginolyticus, V. vulnificus, V. harveyi V. salmonicida and 
V. ordalii, cause mortality and subsequent economic loss 
in fish farms (Sanches-Fernandes et al., 2022). Of particular 
concern is Vibrio alginolyticus, a halophilic Gram-negative 
bacterium, which is generally considered to be a part of 
marine bacterial flora (Carli et al., 1993). It is pathogenic 
to humans (Bauer and Young, 2000) and several marine 
animals, including trout (Austin et al. , 1993), grouper 
(Lee, 1995), seabream (Balebona et al., 1998), sea horse 
(Martins et al., 2010), Asian Seabass (Krupesha et al., 2013) 
and cobia (Rameshkumar et al., 2014, 2017). Infection of cultured 
fish due to V. alginolyticus is associated with stress factors 
inflicting the cultured animals. Thus, V. alginolyticus represents 
a serious pathogen that not only raises public concerns but 
also incurs considerable economic losses in aquaculture. 
Infection and pathology of cage-cultured fin fish caused 
by V. alginolyticus have been reported in Crimson snapper  
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(Cai et al., 2013) and large yellow croaker (Chen et al., 2008). In 
India, natural infection with V. alginolyticus has been reported 
in cage reared Asian seabass (Krupesha   et al., 2013) and 
cobia (Rameshkumar et al., 2014, 2017).

Understanding histopathology and lesion development has 
significantly contributed to elucidating the pathogenesis 
of vibriosis in finfish. Several studies have explained the 
microscopic lesions in vital organs of fin fish infected naturally 
with V. alginolyticus, which were characterized by hyperaemia 
and haemorrhages. Experimental infections in the above cases 
were conducted to prove the Koch’s postulates.

Since 2012 , a highly virulent V. alginolyticus strain has 
caused severe acute mortality (5% of the total population) 
in cage-cultured Asian seabass in India (Krupesha   et al., 
2013). Researchers report that typical clinical symptoms of 
affected fish include anorexia, weariness, skin darkening, tail 
and fin rot, eye opacity, generalized erythema, inflammation, 
liquefaction of internal organs, hemorrhagic ulcers, and 
necrosis across vital organs (Ransangan et al. , 2012; 
Ransangan and Mustafa, 2009; Talpur et al., 2013; Talpur 
and Ikhwanuddin, 2012). Though there have been a few 
studies undertaken on the clinical signs and descriptions 
of internal lesions in naturally and experimentally infected 
f ishes, information on the histopathological changes 
during the progression of this disease is scarce, such 
information is valuable for making predictions about the 
prognosis. Therefore, our study presents a sequential in-
depth characterization of the histopathological changes 
in Asian seabass from zero hours to 48 hours after the 
intraperitoneal injection challenge.

Material and methods

Experimental samples

A total number of 100 healthy Asian Seabass (Lates calcarifer) 
(14 ± 3 g, 8 ± 2 cm length) were collected from the Rajiv 
Gandhi Centre for Aquaculture (RGCA) and transported to 
the laboratory. The fish were acclimated to the laboratory 
conditions for two weeks before the experiment (water quality 
parameters were observed as pH: 7.6±0.31, salinity: 35±0.5%, 
dissolved oxygen: 6.1±0.3 mg/L). Random specimens were 
taken for bacteriological examination to ensure that the fish 
was non-infected.

Preparation of inoculum

V. alginolyticus (CMFRI-JF260912), isolated from moribund 
sea cage cultured Asian Seabass (Krupesha   et al., 2013), 
was used for the experiment and prepared as I/P injections, 

according to Austin and Austin (1999). Briefly, the bacterial 
isolate was sub-cultured on trypticase soya agar plates with 
2% NaCl and incubated at 30 o C for 24hrs. A typical isolated 
colony was picked up and inoculated into trypticase soya broth 
with 2% NaCl and incubated at 30 oC for 24 hrs. The broth 
culture was centrifuged and the supernatant was decanted 
out. The sediment was resuspended in PBS and adjusted to 
an optical density (OD) of 1 at 600 nm (each ml contained 
approximately 1×108 bacterial cells). The LD50 of a particular 
V. alginolyticus strain to Asian seabass was found to be 104.05 

CFU/g fish by Reed and Muench (1938).

Experimental design

A total number of 90 healthy juvenile Asian Seabass were 
selected after the period of acclimation and divided into 
three groups consisting of 30 fish in each group. Fish were 
kept in prepared glass aquaria (90 x 50 x 35 cm). Each group 
consisted of triplicate tanks of 10 fish per tank. Continuous 
aeration was maintained in each aquarium using electric 
air-pumping compressors. Fish were fed on a commercial 
fish diet containing 45% crude protein. The diet was provided 
daily at a fixed feeding ratio of 5 % body weight of the fish. 
The first two groups were inoculated intraperitoneally with 
V. alginolyticus suspension at a dose rate of 0.1 ml (104 CFU/
ml) per fish. The third group of fish which were injected with 
0.1 ml of PBS served as experimental control.

Histopathology

Three fish from each group were collected for histopathological 
investigation at 0, 2, 4, 6, 8, 10, 12, 24, and 48 h post-challenge 
(HPC) after euthanization using an overdose of tricaine 
methanesulfonate-MS222 (Sigma-Aldrich, USA) (300 mg/l). 
Representative samples of liver, kidney, spleen, and gill from 
challenged and control fish were preserved in 10% neutral 
buffered formalin for histopathology for 24-48 hours and 
stored in 70% ethanol until processing, following standard 
histological procedures. Paraffin sections were cut (5-6 µm 
thickness) using a Leica Microtome (Leica, Wetzlar, Germany), 
deparaffinised, and stained with Harris Hematoxylin and Eosin 
(H&E). Sections were examined under a research microscope 
at various magnifications and conspicuous images were 
captured (Nikon Eclipse 80i, Tokyo, Japan).

Bacterial isolation and identification

Post the injection challenge, attempts were made for bacterial 
isolations from the liver, kidney, spleen, and blood on tryptone 
soya agar supplemented with 2% NaCl and thiosulphate 
citrate bile salt sucrose agar (TCBS; Himedia). The samples 
were incubated at room temperature for 24-48 hours to obtain 
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visible bacterial growth. Total genomic DNA was extracted 
from bacteria grown on LB broth for 24 h using phenol-
chloroform extraction method (Sambrook and Russell, 2006). 
The 16S rRNA gene from the genomic DNA was amplified 
using universal primers. The amplified products were purified 
and sequenced. The bacterial identity was determined by 
searching the GenBank database using the BLASTN algorithm 
(Altschul et al., 1997).

All experimental procedures involving live fish were carried 
out following the ARRIVE guidelines (Percie Du Sert et al., 
2020), ensuring the ethical treatment and welfare of the 
animals. The protocols used in this study were reviewed 
and approved by the Institutional Animal Ethics Committee 
of ICAR-Centrral marine Fisheries Reseafch Institute, Kochi, 
to ensure compliance.

Results

Gross signs and clinical pathology

Clinical signs observed in experimentally infected Asian 
seabass included lethargy, anorexia, abnormal swimming 
patterns, or spinning within 24 hrs. Haemorrhagic lesions 
on the skin, abdominal distension, exophthalmia, darkened 
skin, and mortality were seen within 48 hours.

Bacterial isolation and characterization

Repeated bacterial isolation attempts on TCBS plates from 
different diseased fish at various time intervals (2, 4, 6, 8, 
10, 12 , 24, and 48) gave morphologically similar bacterial 
isolates. Molecular identification confirmed the isolate as 
V. alginolyticus.

Histopathological findings

No signi f icant changes were observed between 0 
to 10 HPC. From 12 h and until 48 h spleen, liver, and 
kidney showed lesions in the majorit y  of examined 
fishes. The spleen of the control fish revealed a normal 
s truc ture o f  the red pulp  wi th compact e l l ipsoids 
and  a  f ew  me lano -mac rophage  cen t re s  (MMC)  
(Fig. 1A). At 10-48 HPC, splenomegaly with a massive 
expansion of red pulp by many erythrocytes and ellipsoidal 
compression of white pulp were observed. At 12 HPC, 
approximately 95–100% of the spleen showed an increase 
in red pulp and accumulation of erythrocytes in the white 
pulp, increased MMC and hemosiderin deposits (Fig. 1B). 
At 24 HPC, loosening of tissue structure and haemorrhage 
in splenic parenchyma in addition to hemosiderosis were 
seen (Fig. 1C). While at 48 HPC, severe splenitis with diffuse 

Fig. 1. Photomicrograph of control and infected Asian Seabass spleen. (A) 
Photomicrograph of the control spleen showed normal architecture and no 
significant changes were observed. Only few melano-macrophage centres 
(MMC) (arrow 1), 400, H&E. (B) Infected spleen showed increase in red 
pulp and accumulation of erythrocytes in white pulp (arrow 1), increased 
MMC and hemosiderin at 12 HPC (arrow 2), 400, H&E (C) Moderate splenitis 
with loosening of tissue structure (arrow 2) and haemorrhage in splenic 
parenchyma in addition to hemosiderosis (arrow 1) at 24 HPC, 400, H&E.
(D) Severe splenitis with diffuse fibrinoid necrosis of ellipsoidal sheath 
and aggregation of inflammatory cells at 48 HPC (arrow 1), 400, H&E

Fig. 2. Photomicrograph of control and infected Asian Seabass kidney. 
(A) Normal organization of control kidney with mild changes present, 
haemorrhage (arrow 2), MMC (arrow 1) and tubular degeneration 
(arrow 3), 500, H&E. (B) Infected kidney showing haemorrhage (arrow 
3), infiltration with inflammatory cells in the interstitium (arrow 1), and 
tubular degeneration (arrow 2), hemosiderin deposits (arrow-4) at 12 
HPC 400, H&E. (C) Diffuse necrosis of renal tubule (arrow 2), increase 
in number of hemosiderin deposits, loosening of tissue structure and 
severe haemorrhage (arrow 1, 3&4) at 24 HPC, 400, H&E. (D) Severe 
interstitial nephritis replaced the renal tubules (arrow 2), haemorrhage 
in white pulp (arrow 4), increased MMC and hemosiderin deposits (arrow 
1), extensive congestion and haemorrhage (arrow 3) at 48 HPC 400, H&E

fibrinoid necrosis of ellipsoidal sheath and aggregation of 
inflammatory cells were observed (Fig. 1D). Hemosiderosis 
were seen in the majority of examined fish at different 
time points.

Kidneys of the control group exhibited normal organization 
of nephrons and tubules with a few MMC scattered in the 
parenchyma (Fig. 2A). At 12 HPC, approximately 75% of kidneys 
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Fig. 4. Photomicrograph of control and infected Asian Seabass gills. (A) 
Control gills showed normal primary lamellae (PL) and secondary lamellae 
(SL), 500, H&E. (B) Infected gills showed thickening and clubbing of 
the primary and secondary lamellae (thick arrow) at 48 . HPC 500, H&E 

Fig. 3. Photomicrograph of control and infected Asian Sea bass liver.  
(A) The control fish liver shows the normal organization of polygonal hepatic 
cells (arrow 1) with mild congestion (arrow 2); some fatty changes appear due 
to feeding habits, 400, H&E. (B) Infected liver showed moderate congestion, 
moderate haemorrhage and large blood accumulation in hepatic cells (arrow 1) 
at 12 HPC, 500, H&E. (C) At 24 HPC shows pyknosis (arrow1), severe haemorrhage 
and moderate congestion (arrow 2), 400, H&E (D) After 48 HPC liver tissue shows 
hydrophobic degeneration of hepatic cells, cellular swelling (arrow 2), hepatic 
congestion with extremely dilated sinusoidal space (arrow 1) and congestion in 
the pancreatic tissue

Normal primary and secondary lamellae were seen in the 
gills of the control group (Fig. 4A). At 2–10 HPC, no detectable 
lesions were observed in any of the examined Seabass. From 
12 to 24 HPC, sloughed epithelial cells of secondary lamellae 
were seen in the majority of examined gills. At 24 and 48 
HPC, thickening of both primary and secondary lamellae in 
75 – 80% of the gill lamellar surface, in addition to clubbing of 
the secondary and primary lamellae, were observed (Fig. 4B).

Discussion
Diseases caused by opportunistic bacteria are a major 
bottleneck in the economic sustainability of marine cage 
fish farming. Natural disease outbreaks in aquaculture 
are normally associated with concurrent infections with 
a homologous or a heterologous pathogen, which either 
enhances or suppresses the severity of the disease caused 
by the primary pathogen (Kotob et al., 2016). Experimental 
challenge studies enable us to understand the time series 
analysis of sequential pathological manifestations in the 
tissues due to bacterial invasion. In this context, the present 
paper attempts to describe the sequential histopathological 
changes in the vital organs of a commercially important marine 
fish candidate species, L. calcarifer injection challenged with 
a virulent strain of V. alginolyticus. Experimental infection, 
while being fundamentally different from the natural infection 
pathway, provides a considerable advantage. It enables 
consistent replication of infections as well as the tracking 
of histopathological changes over time, offering crucial 
insights into the disease progression (Conforto et al., 2021). 
The selected pathogen is a pervasive marine bacterium, 
known to induce vibriosis in numerous marine fish species, 
including Asian seabass (Lim et al., 2021). While Vibrios infect 
fish in both hatchery and grow-out facilities, juveniles are 
reported to be more susceptible to Vibrio infections possibly 
due to low resistance to pathogens (Ina-Salwany et al., 2019; 
Mohamad et al., 2019; Shen et al., 2017). Hence, juvenile fish 
were conveniently selected for inducing experimental disease 
in the present study.

In the present study, Asian seabass subjected to infection 
showed various clinical manifestations including reduced 
activity, loss of appetite, atypical swimming behaviour, and 
spinning within 24 hours. Additionally, within 48 hours, there 
were observable clinical signs such as hemorrhagic skin 
lesions, swollen abdomen, protruding eyes, and darkened 
skin. 90 -95% mortality occurred within 24-48 hours post-
challenge. Martins et al. (2010) noted necrosis on the mouth 
epithelium and 100% mortality within 24 hours after the 
experimental infection of a seahorse (Hippocampus reidi) 
with V. alginolyticus, by immersion. In the case of cobia, 
the initial clinical manifestations encompassed decreased 
appetite, slow swimming, frequent surfacing, and bilateral 

showed haemorrhage, infiltration with inflammatory cells 
in the interstitium, tubular degeneration, and hemosiderin 
deposits (Fig. 2B). At 24 HPC, diffuse necrosis of renal tubule, 
increase in the number of hemosiderin deposits, loosening 
of tissue structure and severe haemorrhage were seen (Fig. 
2C). At 48 HPC, severe interstitial nephritis, haemorrhage, 
increased MMC, hemosiderin deposits, extensive congestion 
and haemorrhage were seen (Fig. 2D).

Normal sinusoids and polygonal hepatocytes with mild fatty 
change were seen in the control group (Fig. 3A). Only mild 
lesions were observed in the liver at 2–10 HPC. At 12 HPC, the 
liver showed moderate congestion, and haemorrhage (Fig. 
3B). At 24 HPC, there was pyknosis, severe haemorrhage 
and congestion (Fig. 3C). After 48 HPC, liver tissue showed 
hydrophic degeneration of hepatic cells, cellular swelling, and 
hepatic congestion with extremely dilated sinusoidal space 
and congestion in the pancreatic tissue (Fig. 4D).
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exophthalmos, when juveniles were experimentally infected 
with V. alginolyticus (Rameshkumar et al., 2017). Similar 
clinical signs were also noted when various Vibrio species 
were introduced via intraperitoneal injection into multiple 
fish species. V. harveyi was capable of causing mortality in 
white snook (Centropomus viridis) within 10 hours (Soto-
Rodriguez et al., 2019). In the case of sea bass (Dicentrarchus 
labrax), mortality manifested within 48 hours (Firmino et al., 
2019). Additionally, V. ponticus resulted in mortality within 
25 hours for white snook and V. cholerae led to mortality 
in Indian major carp (Labeo rohita) within 84 hours  
(Devi et al., 2022).

The experimental challenge in the present study led to an 
acute to sub-acute nature of vibriosis. It is reported that 
haemorrhagic lesions in the internal organs with high mortality 
mark the sub-acute disease (Shen et al., 2017), while acute 
vibriosis is marked by lethargy, abnormal swimming behaviour 
and petechiae on the skin, indicating septicemia, with low 
mortality (Mohi et al., 2010). Asian seabass naturally infected 
with V. alginolytics displayed the presence of widespread 
hemorrhagic patches and ulcers on the body surface and 
haemorrhagic lesions in the liver, kidney, intestines, viscera, 
and enlargement of visceral organs (Krupesha   et al., 
2013). Conversely, in the case of experimental infections, 
no hemorrhagic lesions were observed on the external 
body surface.

In the present study, four vital organs, viz spleen, kidney, liver 
and gills were subjected to detailed sequential histopathology 
following intraperitoneal injection of pathogenic V. alginolyticus. 
In all the organ studies, the initial histo-morphological response 
to pathogen challenge consisted of circulatory changes like 
blood congestion, haemorrhage and hemosiderin deposits. 
Inflammatory reactions were seen only in the kidneys and 
spleen. However, the spleen revealed inflammatory reactions 
at 48 hours post the challenge, while these responses were 
seen at the 12th hour in the case of the kidney. In a previous 
report, the experimentally infected European seabass tissues 
with V. alginolyticus showed decreased number of melano-
macrophages and severe congestion of blood vessels in 
the spleen (Mahmoud et al., 2018). Additionally, L. calcarifer 
experimentally infected with V. anguillarum revealed thickened 
ellipsoids and proliferation of MMCs in the spleen (Azad et al., 
2004). An increased presence of MMCs, the contraction of 
renal tubules, and the shedding of tubular epithelial cells 
have also been documented in the kidney of L. calcarifer 
infected with V. harveyi (Dong et al., 2017).

No inflammatory reactions were observed in the liver and 
gills in the present study. In a previous study conducted by 
Dong et al. (2017) the liver of the infected seabass displayed 

blood congestion and haemorrhage in V. harveyi infection. 
Significant histopathological alterations were observed in the 
liver, including haemorrhage, varying degrees of hepatocellular 
degeneration, hepatocyte necrosis, and the occurrence of 
many melano-macrophage centres, Severe liver haemorrhage 
was documented in tilapia (Oreochromis niloticus) naturally 
infected with V. vulnificus (Sumithra et al., 2019). Inflammation 
in the visceral organs has been reported in white snook 
experimentally infected with V. harveyi (Soto-Rodriguez et al., 
2019). However, no inflammatory lesions were seen in the 
liver in the present study. This may be because the host and 
the Vibrio species could significantly affect the outcome and 
severity of the infection. Moreover, bacterial colonization of the 
host’s mucosal surface represents the initial stage in bacterial 
pathogenesis. The achievement of effective colonization is 
also impacted by factors originating from both the host and 
the pathogen (Manchanayake et al., 2023).

In our study, mild and transient changes and tissue alterations 
were observed in the gills. Vibrio alginolyticus immersion 
challenge in H. reidi causes the gills significant alterations 
including the loss of cellular integrity, particularly seen in 
hyperplastic epithelial cells and the secondary lamellae 
experienced effects like displacement and fusion, indicating 
substantial impacts on the gill structure following the infection 
(Martins et al., 2010). On the contrary, milder changes in the 
gills in this study may be attributed to the intraperitoneal 
administration of the bacterial pathogen, which likely caused 
a more direct and intense effect on the internal organs 
compared to the gills.

The Vibrio pathogen and its toxins are present in the circulation 
of the infected fish due to the septicemic nature of the infection. 
Hence, the toxins can exert their action on all the internal 
organs. The substantial histopathological changes caused in 
the spleen, kidneys, and liver emphasise the pathogenicity of 
the Vibrio strain and underline the need for further research 
into disease prevention strategies, prophylactic measures, as 
well as effective treatments for V. alginolyticus infections in 
Asian seabass. Good aquaculture farming practices, selective 
utilization of controlling agents, and proper vaccination 
programs are crucial in improving fish health, reducing 
disease outbreaks, and decreasing the economic impact on 
aquaculture farming (Ina-Salwany et al., 2019).

Conclusion

The discernible histopathological modifications observed 
in the head kidney, spleen, and liver underscored their 
pivotal roles in mounting immune responses during infection. 
While minor changes were detected in the gills, significant 
transformations predominantly unfolded between the 12-hour 
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and 48-hour intervals. These findings provide insight into the 
host-pathogen interactions in Asian seabass against vibriosis 
and lay the foundation for a more detailed study focusing on 
cellular and molecular responses, to pave the way for potential 
strategies aimed at disease management in aquaculture.
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