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INTRODUCTION 

       Aeromonas hydrophila is a facultative anaerobic, Gram-negative, rod-shaped 

bacterium common found in freshwater environment. It is recognized as a major 

pathogenically in aquaculture, causing significant morbidity and mortality among various 

fish species (Semwal et al., 2023). This bacterium has a significant impact on the welfare 

and productivity of various fish species, especially carp (Cyprinus carpio L.), and is 

therefore considered one of the main causes of disease in fish farms (Pereira, 2023; 

Jumma, 2024). The pathogenic nature of this bacterium is rooted in its capability to 

infiltrate host tissues and to dodge immune defenses, leading to a range of clinical 

symptoms and serious systemic infections (Hiba et al., 2020; Ahangarzadeh et al., 

2022). 
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This study aimed to evaluate the effect of vaccination against 

Aeromonas hydrophila in common carp (Cyprinus carpio). The research 

was conducted between October 2024 and February 2025 at the Marine 

Science Center, University of Basrah, Iraq. Histopathological examinations 

of liver tissues were carried out to monitor pathological alterations and to 

assess the vaccine’s effectiveness in reducing these changes. The 

histopathological results revealed notable differences among the 

experimental groups. In Group 1 (G1), the hepatic architecture appeared 

normal. In contrast, Group 2 (G2) exhibited significant vascular congestion, 

although hepatocytes remained relatively intact. Group 3 (G3) showed clear 

signs of hepatocellular necrosis. However, groups 4 (G4) and 5 (G5) 

displayed reduced severity of edema and necrosis. This suggests that 

vaccination—whether administered before infection or as repeated doses—

provided partial protection. It alleviated the severity of infection by 

enhancing the immune response in the liver without causing substantial 

tissue damage. In conclusion, the vaccine against Aeromonas hydrophila 

demonstrated a clear protective effect on liver tissue. Its effectiveness was 

influenced by the number of doses administered and the fish's exposure to 

the bacteria. 
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     This poses a significantly economical and environment threat to the global 

aquacultures industry (Igbinosa et al., 2012). Although diseases outbreaks are not always 

expected, weak immunity fish are particular susceptible to infections with A. hydrophila. 

Stressful aquaculture conditions, such as low oxygen levels, high organic matter content, 

physical injury, temperature fluctuations, overcrowding and industrial pollution can lead 

to immunosuppression in fish populations (Al-Bayati et al., 2020; Miryala & Swain, 

2025). These condition make a favorable environments for the diffusion of pathogensis 

and the progression of diseases. Effective management of these environmental stresses is 

essential to minimize the risks associated with A. hydrophila outbreaks (Semwal et al., 

2023; Jumma et al., 2025). Given that freshwater aquaculture accounts for 

approximately 83% of global aquaculture production, its sustainability is essential to 

meet the growing global demand for aquatic protein (FAO, 2022). Practical and strategic 

interventions must be prioritized to ensure long-term benefits, especially for vulnerable 

populations that depend on aquaculture resources. 

The overuse of traditional antibiotics—such as cefotaxime, amoxicillin, 

erythromycin, ampicillin, amikacin, and streptomycin—has led to the emergence of 

antibiotic-resistant strains of Aeromonas hydrophila (Lee et al., 2016; Pauzi et al., 2020; 

Tartor et al., 2021). In some instances, farmers have resorted to increasing antibiotic 

dosages to control infections, further accelerating the development of resistance (Abdul 

Kari et al., 2022). Although some antibiotics, such as florfenicol and thiamphenicol, 

remain effective at lower concentrations, the persistence of resistance remains a 

significant challenge (Assane et al., 2019). Alarmingly, A. hydrophila is responsible for 

nearly 90% of multidrug resistance observed in laboratory isolates, rendering 

conventional antibiotic treatments increasingly ineffective (Eid et al., 2022). 

In light of the rising prevalence of antibiotic resistance, the development of 

effective vaccines has become a cornerstone of sustainable disease control in aquaculture. 

Current vaccination approaches—including subunit, inactivated, live attenuated, and 

recombinant formulations—are supported by advances in modern biotechnology. These 

vaccines utilize specific antigens or whole inactivated bacterial cells to stimulate both 

innate and adaptive immune responses in the host (Adams et al., 2019). 

Although intraperitoneal injection remains highly immunogenic, it is labor-

intensive, costly, and impractical for large-scale aquaculture operations (Assefa et al., 

2018). Oral vaccination presents a promising alternative; however, challenges related to 

antigen absorption and adequate immune stimulation persist. Nevertheless, several 

studies have reported encouraging results with oral vaccines (Ismail et al., 2016), 

underscoring the need for further research into effective and practical vaccination 

strategies against A. hydrophila. 
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MATERIALS AND METHODS  

 

1. Fish study 

This study included 40 fish and was conducted between October 2024 and February 2025 

at the Marine Science Center, University of Basrah, Iraq. The fish were randomly divided 

into five groups of eight individuals each: 

• Group 1 (G1): Control group 

• Group 2 (G2): Infected, non-vaccinated 

• Group 3 (G3): Vaccinated with a single dose (0.002 ml/L) 

• Group 4 (G4): Vaccinated with a double dose (0.002 ml/L), with one month 

between doses 

• Group 5 (G5): Vaccinated only, not exposed to infection 

2. Histopathology 

Liver tissues were collected from both infected and control fish and were fixed in 

10% buffered formalin for 48 hours. Tissue processing followed the method described by 

(Humason, 1972). Samples were dehydrated in a graded ethanol series, cleared with 

xylene, and embedded in paraffin. Sections (5–7 µm thick) were prepared using a rotary 

microtome. The sections were mounted on glass slides, deparaffinized in xylene, 

rehydrated through graded alcohols, and stained with Hematoxylin and Eosin (H&E) for 

histological examination. 

Photomicrographs were taken using a light microscope equipped with a digital 

camera. Analysis was performed at a total magnification of 400×. 

3. Isolation and identification of bacterial strains 

Bacteria were isolated from the liver, intestine, and kidneys of infected fish 

showing clinical signs of bacterial infection, including ulcers and skin hemorrhaging. 

Bacterial identification was carried out using the Vitek II system. 

4. Inactivated vaccines against Aeromonas hydrophila 

Inactivated vaccines were used to stimulate humoral and essential immune 

responses against A. hydrophila. These vaccines consisted of chemically killed bacterial 

cells and were administered at a dose of 0.002ml/ L for both single and double dosing 

regimens. The vaccines were effective in increasing antibody production, activating 



1002 
Al-Atbee et al., 2025 

immune-related genes, and enhancing non-specific defense mechanisms that protect fish 

from A. hydrophila infection (Shoemaker et al., 2018; Vaz Farias et al., 2020; Zhang et 

al., 2023). 

RESULTS  

The results of the current study revealed significant histological differences among 

the experimental groups, underscoring the protective role of the vaccine in enhancing fish 

resistance to bacterial infection and minimizing tissue damage. 

• Group 1 (G1): The hepatic architecture appeared normal, with hepatocytes 

arranged radially around the central vein. Cells exhibited clear boundaries and 

centrally located nuclei. Sinusoids were uniformly distributed, with no signs of 

inflammation or degeneration (Fig. 1). 

• Group 2 (G2): Significant vascular congestion was observed, indicating an acute 

inflammatory response. However, hepatocytes remained relatively intact, 

suggesting early-stage infection or partial resistance to cellular damage (Fig. 2). 

• Group 3 (G3): Hepatocellular necrosis was evident, indicating a more intense 

inflammatory response and suggesting that a single vaccine dose may not be 

sufficient to provide effective protection (Fig. 3). 

• Group 4 (G4): Edema and hepatocellular necrosis were present, but to a lesser 

extent than in G2. This indicates that repeated vaccination provided partial 

protection and reduced infection severity by enhancing the immune response (Fig. 

4). 

• Group 5 (G5): Mild inflammatory changes and vascular dilation were observed, 

suggesting that the vaccine activated a localized immune response without 

causing significant tissue damage. This response is typical of effective vaccines 

that stimulate the immune system without inducing harmful side effects (Fig. 5). 
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Fig. 1: The normal hepatocytes in the control group 

(red arrow). 400X H&E staining 

Fig. 2. Congestion blood vessel (red cycle) but normal 

hepatocytes in the infected non-vaccinated group (red 

arrows). 400X H&E staining 

Fig. 3. Eosinophilic of hepatocytes (asterisk) and 

atrophy (red arrows) with necrosis (black arrows) of 

hepatocytes in the group vaccinated by single dose 

0.002ml/L, 400X H&E staining 

Fig. 4. The presence of edema (red asterisk), and necrosis 

(red arrows) of hepatocytes in the group vaccinated with 

by double dose 0.002ml/L. 400X H&E staining 

Fig. 5. The presence of edema (black asterisk) and necrosis 

(red arrows) and eosinophilic (red asterisk) of hepatocytes in 

the additional group that was vaccinated without being 

exposed to the infection. 400X H&E staining 
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DISCUSSION 

 

Histopathological examination plays a critical role in evaluating the health status of 

fish (Gernhöfer et al., 2001; Ruiz-Picos et al., 2015). Tissue analysis is essential for 

identifying the pathological effects of infectious agents, as histological biomarkers reflect 

the overall health condition of fish in aquatic environments (Moon et al., 2012; Alwan & 

Al-Bayati, 2020). In the current study, vascular congestion, hepatocellular necrosis, and 

hepatic edema were observed. These findings suggest that Aeromonas hydrophila 

secretes toxins that damage the endothelial lining of blood vessels. This result is in 

agreement with the findings of Chen et al. (2020), who reported that the liver, being the 

primary organ for detoxification due to its physiological role and anatomical position, is 

one of the most affected organs by bacterial toxins. 

The liver is a highly sensitive tissue and serves as a critical organ for evaluating the 

impact of pollutants on fish, as illustrated in Fig. (2). Recent studies on pathogens such as 

A. hydrophila have shown alterations in normal liver structure, including dilation of 

blood vessels and sinusoids, as well as cellular degeneration. These findings align with 

those of Abdel Rahman et al. (2022), who reported similar histological changes in carp 

liver, including sinusoidal dilation attributed to the breakdown of structural proteins. 

The current study also demonstrated that vaccination enhances the non-specific 

immune responses of common carp following infection with A. hydrophila. However, 

double vaccination appeared to have a counterproductive effect, potentially suppressing 

immune enhancement and reducing protection against the pathogen. This observation is 

consistent with the findings of Li et al. (2013), who noted that excessive bacterial vaccine 

doses may lead to the accumulation of bacterial components in internal organs, causing 

histological damage and toxin buildup in the liver. 

In contrast, the vaccinated-only group (not exposed to infection) exhibited only 

mild alterations, such as slight inflammation and vascular dilation. This suggests that the 

vaccine elicited a localized immune response in the liver without causing significant 

tissue injury. Such an outcome is typical of vaccines that activate the essential immune 

system. These findings are in agreement with previous studies showing that vaccination 

effectively stimulates host immunity and that inactivated vaccines can confer protection 

against A. hydrophila infections (Zhang et al., 2023; Abdullah et al., 2024). 

 

CONCLUSION 

Aeromonas hydrophila can improve the immunity responses in common carp 

(Cyprinus carpio). However, the efficacy of protection appears to be dose-dependent. 

The study underscores the importance of establishing optimal vaccination protocols that 

carefully consider the number of doses administered in order to balance immune 

enhancement with the minimization of adverse tissue effects. 
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