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ABSTRACT 
 

This study aimed to determine the virulence and prevalence of Aeromonas hydrophila in Nile tilapia farms in the 
Kafrelsheikh governorate. Random samples were collected from 11 fish farms, including water, sediment, and fish. A 
total of 45 A. hydrophila isolates were presumptively identified using morph-chemical conventional tests. The virulence 
of the retrieved isolates was assessed through the detection and quantitative estimation of lipase activity. A total of 42 
A. hydrophila isolates proved to be lipase producers. A variation among fish farms in the physicochemical parameters 
of the water was recorded. In conclusion, the screened lipase activity of the retrieved isolates points to the characteristic 
ulcerative/ hemorrhagic clinical profile of the retrieved A. hydrophila in mortal and moribund Nile tilapias collected 
from mass mortalities episodes in Kafrelsheikh. It’s essential to monitor and control the physicochemical parameters of 
water to decrease the stressors on fish and avoid the virulence of A. hydrophila. 
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INTRODUCTION 
 

 Fish are widely recognized as a valuable source of 

food due to their nutritional composition, high palatability, 

and digestibility (Colombo et al. 2023). However, diseases 

significantly impact the fish populations within their 

ecosystems (Hutson et al. 2023). The prevalence of 

diseases in aquatic ecosystems is influenced by various 

environmental factors, including infectious organisms and 

stressors, which contribute to the susceptibility of fish to 

diseases (Hutson et al. 2023). 

 Diseases, particularly those of microbial origin, play a 

significant role in affecting fish culture (Ina-Salwany et al. 

2019). Fish, like other organisms, are exposed to bacteria 

regularly, but infection usually occurs after prolonged 

periods of stress. Aeromonas hydrophila is among the most 

common ubiquitous in freshwater habitats worldwide 

(Akmal et al. 2020). The microorganism exists in diverse 

environments, including soil, fresh and salt water, 

chlorinated and non-chlorinated drinking water, and poses 

a pathogenic risk to both warm and cold-blooded animals 

(Najeeb et al. 2021). 

 Consequently, the aquatic environment, along with 

water and seafood, represents a potential source for the 

transmission of A. hydrophila, posing a risk of human 

infections. Several potential risk factors, such as physico-

chemical parameters of water, have been associated with 

fish diseases (Mramba and Kahindi 2023). Notably, high 

thermal stress in fish has been linked to mortality rates as 

high as 80% due to Aeromonas species infections (Sherif et 

al. 2024). In intensive fish culture, the highest mortality 

rates resulting from Aeromonas species infections were 

observed during late spring and early summer (Ammar et al. 

2023). The Kafrelsheikh governorate is a major contributor 

to the country's farmed fish production, accounting for 55% 

of the total yield of 324,479 tonnes. It also produces 44% of 

farmed tilapia, adding 259,583 tonnes to the overall 

production, highlighting its significant role in Egypt's 

aquaculture industry (Kassem et al. 2016). 

 In light of these considerations, the present study 

aimed to determine the prevalence of Aeromonas 

hydrophila in Nile tilapia and in the sediment and water of  
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various freshwater fish farms in Kafrelsheikh governorate. It 

also aimed to screen for lipase production, a virulent factor 

associated with Aeromonas's pathogenicity, and measure 

the physicochemical parameters of water in fish farms. 

 

MATERIALS AND METHODS 

 

Measurement of physico-chemical parameters of water 

 Freshwater samples were randomly collected from 

eleven Nile tilapia fish farms in Kafrelsheikh governorate 

that experienced mass mortality through the period from July 

to August 2022. Physicochemical parameters of the water 

samples were recorded following the protocols described 

(Trivedy and Goel 1986; APHA 1998). Prior to collecting 

samples, the bottles were sterilized by autoclaving at 121°C 

for 1h. Each bottle was labeled with the date and location of 

collection. Temperature, salinity, total dissolved solids 

(TDS), electrical conductivity (EC), and resistivity were 

measured using a HI98192 meter (Hanna, USA), while pH 

was measured using a pH meter (Hach, United Kingdom). 

All the above analyses were performed in duplicate. 

 

Samples collection of water, sediment, and fish 

 Water samples (200mL) were collected at a depth of 

50cm from each fish farm. Sediment samples were taken 

from the water and placed in sterile bags, while fish 

samples were collected from eight ponds and placed in 

sterile bags (Eissa 2016)All samples were transferred to the 

Central Laboratory for Aquatic Organisms Health and 

Safety Lab (CLAHS), Faculty of Aquatic and Fisheries 

Sciences, Kafrelsheikh University, in an icebox provided 

with crushed ice. 

 

Clinical and postmortem examination 
 A clinical examination was applied to the fish samples 

for external signs, and internal organ examination was 

conducted on freshly deceased fish following the methods 

described by Eissa (2016). 

 

Bacterial isolation from sediment, water and fish samples 

 Bacterial isolation was performed according to 

methods by Eissa (2016) with minor modifications. 

Sediment and water samples were diluted with sterilized 

distilled water. Then, 0.1mL of the diluted samples was 

streaked onto TSA (HiMedia, India) and incubated 

aerobically at 37°C for 24h. Single colonies grown on TSA 

were sub-cultured onto Aeromonas isolation medium base 

supplemented with ampicillin selective supplement 5mg/L 

(FD039) and incubated at 37°C for 24h. For fish samples, 

a sterile normal saline solution was used to rinse the 

external surface, followed by sterilization using 70% ethyl 

alcohol. Under complete aseptic conditions, fish were 

dissected, and then loopfuls of tissues from the kidney, 

spleen, liver, and brain were separately streaked onto TSA. 

Single colonies grown on TSA were further sub-cultured 

onto Aeromonas isolation medium base supplemented with 

ampicillin selective supplement 5mg/L (FD039) until pure 

cultures were obtained. Inoculated petri dishes were 

incubated for 24-48h at 25°C. Suspected colonies showing 

yellowish, opaque color on TSA and translucent, pale green 

colonies measuring 0.5-3.0mm in diameter on Aeromonas 

isolation medium base were selected for purification and 

further characterization. 

Morpho-chemical identification of Aeromonas spp. 

 Morphological characterizations, such as shape, size, 

gram staining, and motility tests, were performed on 

suspected Aeromonas spp. colonies (Koneman et al. 1995). 

Biochemical tests were conducted for confirmation, 

including catalase, oxidative-fermentative (OF), acid and 

gas production from glucose and sucrose, and 0/129 tests 

(Odds 1981). 

 

Detection of virulence factors of Aeromonas spp. 

Qualitative screening of lipase-producing isolates 

 All forty-five bacterial isolates were pre-cultivated in 

a tryptone soya broth. They were then grown on agar plates 

with olive oil as substrate and rhodamine B (1mg/mL) as a 

fluorescent dye. The plates contained 5g peptone, 3g yeast 

extract, 4g sodium chloride, and 15g agar (pH 7)/L. After 

autoclaving, 31.25mL olive oil and 10mL of rhodamine B 

solution (0.001% [wt/vol]) were added and stirred 

vigorously for 1min before pouring into sterile petri dishes. 

Lipase-producing isolates were identified by observing the 

formation of fluorescent halos around colonies after one to 

two days of incubation under UV light at 350 nm (Katiyar 

et al. 2017). 

 

Determination of lipase activity 
 Lipase activity was monitored following the method 

described by Rehman et al. (2017). Lipase activity was 

measured using p-nitrophenyl palmitate (p-NPP) as a 

substrate. A reaction solution of 1000μL was prepared, 

consisting of 100μL of pNPP, 800μL of solution B 

(composed of 0.1g of Arabic gum, 0.4mL of Triton, and 

100mL of 0.1 M phosphate buffer at pH 7) and 100μL of 

the cell-free extract. After 10min incubation, the released 

p-nitrophenol (pNP) was measured at 405 nm using a 

spectrophotometer (UV-visible spectrophotometer, 

Nanodroper, EMC-NANO-UV, Germany). Lipase activity 

(U/mL) is the enzyme required to release 1mol of p-

nitrophenol per minute (IU). Lipase activity and specific 

activities were calculated using the following formula: 

Lipase activity (U/mL) =A × B / (C × D × E) 

Where: 

A - µmol of p-Nitrophenol released. 

B - Total volume. 

C - Volume used in spectrophotometric determination. 

D - Volume of enzyme used in the assay. 

E - Time of incubation. 

 

Statistical analysis 

Data from laboratory were analyzed using analysis of 

variance (ANOVA) and they are presented in tabular form, 

showing the Mean ± Standard deviation of duplicates. 

 

RESULTS AND DISCUSSION 
 

Clinical examination 

 The identification of Aeromonas is crucial as it is 

known to cause mass mortality in Nile tilapia and poses 

potential risks to human health through various transmission 

routes, including contaminated water, food, and exposure of 

wounds. Clinical signs observed in collected fish samples 

included severe ulceration on the body surface, abdominal 

distension, and hemorrhages. The postmortem examination 

revealed congested livers with hemorrhage on their surface, 
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distended gallbladders, and hemorrhagic spleens (Fig. 1). 

The clinical and post-mortem findings observed in our 

collected samples were consistent with previous studies 

(Yardimci and Aydin 2011), confirming the presence of 

Aeromonas sp. as the causative agent.  

 

 
 
Fig. 1: Clinical signs of diseased farmed Nile tilapia. (A) 

Hemorrhagic skin ulceration; (B) Hemorrhagic enlarged liver. 

 

Physicochemical Parameters of collected water samples 

 Water quality is a major concern in aquaculture. 

Changes to physical or chemical factors can harm aquatic 

organisms, reducing their productivity and causing losses 

(Banagar et al. 2018). Results in Table 1 show that there is 

a variation among farms in the physicochemical parameters 

of the water in the fish farms during January and February 

2023. The impact of temperature on aquatic organisms is a 

critical consideration, as it can significantly affect their 

digestion, physiology, metabolism, and overall 

productivity. Understanding and managing temperature 

conditions is essential for ensuring the optimal health and 

performance of these organisms (Ibearugbulam et al. 

2021). In this study, the lowest recorded temperature was 

19.6 °C for farm No. 11, while the highest temperature was 

20.6°C for farm No. 1 and 2. A desirable temperature range 

for the production of Nile tilapia ranging from 20 to 30°C 

(Makori et al. 2017), that match with the current results. 

Also, the temperature of fish farms was within WHO and 

FEPA permissible limit for aquaculture. 

 The stability of pH is crucial for maintaining life in 

aquatic environments, and it determines the solubility and 

bioavailability of nutrients in fish farming (Sanou et al. 

2022). An ideal pH range for biological productivity is 

between 7 and 8.5. A pH ranging from 4 to 6.5 and from 9 

to 11 is considered a stress factor leading to death at a pH 

below 4 or above 11 (Kane et al. 2015). In our study, pH 

ranges from 8.135 (farm No. 11) to 8.58 (farm No. 5). The 

recorded pH values fall within the range recommended by 

WHO and FEPA for breeding O. niloticus. 

 Salinity refers to the amount of salt or dissolved salt 

present in water. It affects the survival, feeding, and 

production of aquatic organisms, but the tolerance for 

salinity varies depending on species. Nile tilapia, for 

example, can tolerate lower salinity levels (Yue et al. 

2024). The lowest value of salinity was observed in the 

farm No. 4 which was 1.14 ppt, while the highest ppt of 

salinity was 5.39 in the farm No. 5, these values are within 

the optimal water salinity for Nile tilapia for better growth 

performance (El-Leithy et al. 2019). 

 The measurement of total dissolved solids (TDS) 

determines the amount of dissolved organic and inorganic 

substances in a water sample. High TDS values can 

increase electrical conductivity, hinder light penetration 

and oxygenation of the aquatic environment, and affect 

the functions of fish gills and kidneys, which can impact 

their survival and size (Monira and Mostafa 2023; 

Olaoluwa 2024). 

 In our study, it was observed that the lowest value of 

TDS was 1355mg/L for farm No. 7; while the highest one 

was 4750mg/L for farm No. 5. The TDS values in the farms 

that we have studied are higher than the limits 

recommended by both WHO and FEPA (500mg/L). The 

TDS present in natural water sources can experience 

significant fluctuations due to a variety of factors. These 

may include water usage patterns, precipitation levels, 

agricultural fertilization practices, or the discharge of 

industrial waste into water systems (Sanou et al. 2022). 

Such influences can impact on the overall water balance 

and can cause fluctuations in TDS levels. In our case, these 

fish farms are located within agriculture farm and the 

source of their irrigation coming from this water which are 

heavily contaminated with fertilizers which increases the 

TDS in fish farms, in addition to precipitated nutrients from 

fish feed increase TDS values. 

 Electrical conductivity (EC) serves as a significant 

indicator of water freshness, with higher values indicating 

potential pollution. In the context of fish farming, the 

nutrient content of fish feed can contribute to elevated EC 

values in ponds (Kumar 2017). On the other hand, a 

decrease in EC has been linked to accelerated fish growth 

(Sanou et al. 2022). Our study has observed the lowest EC 

value in farm No. 3 (2.550mS/cm) and the highest in farm 

No. 5 (9.5435mS/cm). It is notable that the EC values of 

fish ponds in this study exceed both FEPA limits.  

 In monitoring water ionic purity, either resistivity or 

conductivity can be used as a cost-effective method. 

Resistivity, the reciprocal of conductivity, indicates water's 

ability to resist an electrical current and is directly 

influenced by the concentration of dissolved salts. If there 

are ample dissolved salts, water will exhibit lower 

resistivity (Uiuiu et al. 2020). Our study has observed the 

lowest resistivity in farm No. 5 (105.5 Ω) and the highest 

in farm No. 4 (398.5 Ω). 

 
Bacterial isolation and identification 

 Culture characteristics of suspected Aeromonas spp. 

appeared yellowish opaque on TSA. Growing colonies on 

TSA were streaked on Aeromonas isolation medium base 

and the colonies were translucent and pale green. Based on 

these cultural characteristics, 45 isolates from fish, sediment 

and water samples were suspected as Aeromonas spp. 

 The prevalence of Aeromonas sp. in water, sediment 

and fish samples collected randomly from eleven fish farms 

at Kafrelsheikh governorate is presented in Table 2. All 

samples of fish, sediment and water were contaminated with 

Aeromonas spp. In terms of fish sample, the prevalence of 

Aeromonas spp. was the highest in kidney and spleen 

(100%) followed by liver (62.5%) and brain (25%). The 

overall prevalence of Aeromonas spp. in freshwater fish 

farms was 100%. This data is matched with a previous study 

that the presence of bacterial toxins has resulted in acute 

septicemia, which has caused significant structural damage 

to both the kidneys and liver (Yardimci and Aydin 2011). 

Accumulation of yellowish ascitic fluids leads to the 

common gross lesions that observed in the diseased fish with 

congestion and enlargement of the kidney and spleen (Ali et 

al. 2021). The septicemia which disseminated the bacteria to 

all the internal organs causes the enlargement of the kidney 

and spleen (Mostafa et al. 2024). 
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Table 1: Comparison of Physicochemical parameters with FEPA and WHO limits 

Farm No. Temp. (C) pH Salinity (ppt) TDS (mg/L) EC (mS/Cm) Resistivity (Ω.m) 

1 20.6±0.1 8.375±0.015 3.040±0.02 2836.5±5.5 5.646 ±0.001 178±1 

2 20.6±0.2 8.31±0.02 2.050±0.05 1951.5±2.5 3.910±0.002 253±2 

3 20.25±0.15 8.245±0.015 1.170±0.02 1280.5±3.5 2.550 ±0.02 389±1 

4 20.3±0.1 8.84±0.02 1.140±0.02 1257.5±3.5 2.5065±0.0055 398.5±1.5 

5 19.95±0.15 8.58±0.02 5.390±0.03 4750.5±27.5 9.5435±0.0015 105.5±0.5 

6 19.9±0.1 8.515±0.015 2.785±0.015 2637.5±5.5 5.2715±0.0035 189.5±0.5 

7 20.2±0.1 8.57±0.02 1.260±0.02 1355±1 2.705±0.015 366±2 

8 20.25±0.05 8.51±0.02 1.315±0.035 1419.5±01.5 2.835±0.001 352±1 

9 20.15±0.05 8.505±0.025 1.840±0.03 1821±2 3.633±0.002 275.5±0.5 

10 20.2±0.1 8.155±0.025 1.325±0.035 1363±1 2.7305±0.0025 365±1 

11 19.6±0.1 8.135±0.015 1.460±0.03 1490±2 2.970±0.01 336±1 

P-value <0.05 <0.01 <0.01 <0.0001 <0.0001 <0.0001 

FEPA1 27 6-9 - 500 0.2 - 

WHO2 <35 6.5-8.5 - 500 - - 

Desirable Range3 20-30 6.5-9 0-8 ppt 500mg/L 0.2-1.5 - 

Means are significantly different at P<0.05; ppt=parts per thousand, TDS=Total Dissolved Solids, EC=Electrical Conductivity,  

mS/cm=millisiemens/cm, Ω.m=ohm-meter. The values represent mean+SD of duplicate measurement. 1Federal Environmental 

Protection Agency (1991); 2World Health Organization (1985); 3Boyd (1990). 

 

Table 2: Prevalence of Aeromonas sp. in water, sediment and fish 

samples collected randomly from eleven fish farms at 

Kafrelsheikh Governorate 

Farm 

number 

Water 

Sample 

Sediment 

Sample 

Fish Sample 

Kidney Spleen Liver Brain 

1 + + + + + + 

2 + + + + - - 

3 + + + + - - 

4 + + + + + - 

5 + + + + + + 

6 + + + + + - 

7 + + + + + - 

8 + + + + - - 

9 + + * * * * 

10 + + * * * * 

11 + + * * * * 

(+): Positive, (-): Negative, (*): Not tested. 

 

Characteristics of isolated Aeromonas spp. 

 The phenotypic characteristics and biochemical 

identification of the isolates (Table 3) showed that the 

isolates were gram-negative, rod-shaped, motile that 

exhibited positive catalase reaction, glucose and sucrose 

fermentation, and resistance to vibriostatic agent 0/129. 

This data were in line with the established literature, 

confirming the predominance of A. hydrophila in the 

freshwater aquatic environment of the region (Yardimci 

and Aydin 2011). In this study, the current phenotypic and 

biochemical characteristics is matched with original 

definition of A. hydrophila by Schubert (1968) who 

described the bacterium to be gram-negative, straight rod 

bacteria, facultative anaerobes, and may either have a polar 

flagellum for movement or be non-motile. A. hydrophila 

strains are carbohydrate fermenters that produce acid or 

acid and gas. They are oxidase-positive, reduce nitrates to 

nitrites, and resist the vibriostatic compound (0/129) 

(Semwal et al. 2023). 
 

Confirmation of Aeromonas sp. by qualitative and 

quantitative screening for lipase 

Qualitative screening for lipase 

 Out of the 45 isolates, forty-two (93.3 %) were lipase 

producers when were tested using rhodamine B/olive oil. 

Fig. 2 displays glowing halos around colonies, indicating 

lipase production by A. hydrophila after exposure to UV 

light. The screening for lipase production revealed that a 

significant proportion of the isolates were lipase producers, 

further implicating the role of lipase as a crucial virulence 

factor for the invasion and establishment of Aeromonas 

infection in the host. These findings align with previous 

reports that highlight the contribution of lipase and other 

virulence genes in the pathogenic nature of Aeromonas. The 

production of lipases in Aeromonas spp. is crucial for 

colonization and pathogenicity, as these enzymes modify the 

cytoplasmic membrane structure of the host and trigger lysis 

to sustain the bacterial cells. Moreover, lipase production can 

interact with leukocytes and affect the immune system's 

functioning through the free fatty acids generated by the 

lipolytic activity (Chen and Alonzo III 2019). 
 

Table 3: Morpho-chemical characteristics of Aeromonas 

hydrophila 

Characters Result 

Gram stain - 

Motility + 

Shape Rod Bacilli 

Catalase + 

OF test Fermentative 

Acid and gas production from glucose + 

Acid and gas production from sucrose + 

Growth in Vibriostatic agent 0/129 Resistant 

(+): Positive, (-): Negative 
 

 
 
Fig. 2: Lipase production by Aeromonas hydrophila. 

 

Quantitative screening for lipase 

 Four isolates of A. hydrophila that were confirmed as 

higher lipase producers by qualitative screening were used 

for quantitative test. Table 4 shows the different quantity of 

lipase as a virulent factor produced by four strains of 

isolated A. hydrophila with different incubation periods. 
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Fig. 3 shows that lipase activity was highest in the first day 

of inoculation with isolate No.1 and 2, and then the activity 

decreased with time. Activity of isolate No.9 increased on 

the second day of inoculation and reached the highest peak 

on the third day, while isolate No. 26 showed increasing on 

the first day then reached the peak on the second day, then 

decreased.  

 
Table 4: Lipase activity of selected Aeromonas hydrophila 

Incubation Period Isolate 1 Isolate 2 Isolate 9 Isolate 26 

1st day 73.733 61.4 4.86 32.56 

2nd day 13.686 11.033 21.7 57.8 
3rd day 12.275 7.625 65.9639 20.76 

6th day 8.25 17.917 9.00 24.28 

 

 
 

Fig. 3: Lipase activity with rhodamine B of selected Aeromonas 
hydrophila. 
 

 While this study provides initial evidence of 

Aeromonas isolation, identification, and characterization in 

infected Egyptian fish farms, further studies are warranted 

to explore the organism's molecular and serological 

characterization. Additionally, future research should focus 

on assessing Aeromonas strains' molecular epidemiology 

and virulence profiles better to understand their 

pathogenicity and potential public health risks. 

 

Conclusion 

 Egypt is the third largest producer globally after China 

and Indonesia in tilapia production. Kafrelsheikh 

governorate is the largest fish producer, which produces 

about 50% annually of the national fish production. A. 

hydrophila is one of the main bacterial pathogens that cause 

considerable losses in aquaculture due to high morbidity 

and mortality rates; therefore, this study investigated the 

prevalence of A. hydrophila in fish farms, considering the 

physicochemical parameters of these farms. We conclude 

that A. hydrophila is highly prevalent in water, sediment, 

and fish tissue despite some physico-chemical parameters 

within the standard limits. 

 We isolated and identified Aeromonas in the 

freshwater fish farms in the Kafrelsheikh governorate using 

culture, phenotypic, and biochemical characterization 

methods, as well as a qualitative and quantitative assay to 

confirm lipase as a virulent factor as a diagnostic tool. The 

lipase screening strategy employed in this study provides a 

new approach to identifying Aeromonas spp. This 

bacterium is a good source of lipase, which could be used 

in enzymology and biotechnological applications. 
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