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Abstract 
 

Oxolinic acid (OA), a broad-spectrum quinolone antibiotic that plays a crucial role in 
human medicine, is often used in aquaculture as a second-line treatment at 12 mg/kg 
biomass/day continuously for seven days. The objective of this study was to assess its 
effectiveness against Aeromonas hydrophila infection in Nile tilapia Oreochromis 
niloticus in terms of progression and healing of wounds, clinical biochemistry and 
histopathological changes upon challenge and treatment. To evaluate the efficacy, the 
juveniles were intramuscularly challenged with A. hydrophila at a sublethal dose of 
1.93×106 cells/fish, followed by the administration of OA-supplemented feed at 2% 
body weight daily for seven days. OA treatment yielded better consequences in terms 
of increased feed intake and biomass and decreased plasma biochemical parameters, 
histopathological changes and improved recovery from A. hydrophila infection 
compared to the untreated group. Wounds of the OA-treated group healed at a faster 
rate, with complete healing within 12 days post-injection, while the wounds of the 
untreated group took longer to heal. Though the efficacy of OA against A. hydrophila 
infection in tilapia was established in this study, it is important to exercise caution 
regarding its application in aquaculture due to its classification as a critically important 
medicine for humans.  
 

Introduction 
 

Tilapias are commercially cultivated in >140 
countries, making up approximately 11.20% of the 
global share in 2020. It holds the second position, 
following carps, in terms of sales and volume in 
international trade within the fish farming industry 
(FAO, 2022). Interestingly, despite their origins, 98% of 
tilapia production comes from countries outside their 
native habitat in Africa. The Nile tilapia Oreochromis 
niloticus is the most significant variety of farmed tilapia, 

accounting for 80% of the total tilapia production in 
2020 (FAO, 2022), primarily due to its adaptability and 
resilience. Approximately 177 kg of tilapia were 
produced every second, with O. niloticus, the third most 
farmed fish species globally, reaching a production rate 
of 4514 thousand tonnes, equivalent to 143.15 kg per 
second in 2020 (FAO, 2022). Therefore, tilapias are often 
likened to aquatic chicken due to their resemblance to 
chicken as farmed animals (Maclean, 1984). Since their 
introduction to India in 1952 (NFDB, 2015) and 
recognizing the successful tilapia farming ventures, the 
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Indian government identified tilapia farming as a key 
sector in aquaculture (Menaga & Fitzsimmons, 2017). In 
recent times, aquaculture has faced significant 
challenges in contributing to food security, nutrition and 
poverty reduction due to various disease outbreaks 
(both exotic and endemic) and biosecurity issues (FAO, 
2022). Infectious diseases pose a constant threat, 
leading to substantial losses in fish stocks and negatively 
impacting the livelihoods of farmers. Among the major 
bacterial diseases affecting tilapia aquaculture, motile 
Aeromonas septicemia (MAS), Pseudomonas 
septicemia, haemorrhagic septicemia, streptococcosis, 
columnaris, francisellosis, edwardsiellosis and 
piscirickettsiosis are the most important. These diseases 
have been responsible for more than 80% of mortality 
and significant production losses (El-Sayed, 2019; 
Haenen et al., 2023).  

In tilapia farming, MAS is commonly associated 
with various bacterial species, with Aeromonas 
hydrophila being the most prevalent (Julinta et al., 2017; 
Nicholson et al., 2020; Gewaily et al., 2021). In the Indian 
context, tilapia farming has encountered various 
bacterial infections, specifically, the prevalence of MAS 
and streptococcal infections has risen due to the 
intensification (Adikesavalu et al., 2017; Raj et al., 2019). 
Oxolinic acid (OA), a broad-spectrum quinolone 
antibiotic, is currently not approved for use in fish 
production in the United States due to concerns about 
the potential selection of antibiotic-resistant bacteria 
that could pose a threat to human health (USFDA, 2022). 
However, it is recommended and utilized in several 
European countries as well as Japan for the prevention 
of bacterial infections in aquatic species such as trout, 
salmon, tilapia and shrimp (EMEA, 2005; Quesada et al., 
2013; Lulijwa et al., 2020). While the effectiveness and 
safety of OA on temperate fish have been established, 
there is a lack of studies on tropical fish species. 
Therefore, the purpose of this study was to assess the 
effectiveness of OA in O. niloticus against A. hydrophila 
infection, focusing on plasma biomarkers, 
histopathological changes in the kidney, liver and 
spleen, as well as wound progression and healing.  
 

Materials and Methods   
 

Experimental Fish 
 

The healthy and active Nile tilapia Oreochromis 
niloticus juveniles were obtained from Sonarpur, South 
24 Parganas district, West Bengal. The fish were 
transported to the laboratory, disinfected and 
acclimated for 15 days in 500-L circular tanks with 
continuous aeration. Throughout the study, chlorine-
free aerated bore-well water was used. 

 
Bacterial strain and its pathogenicity 
 

Aeromonas hydrophila AAH-28 strain used in this 
study was from the collections of the Department of 

Aquatic Animal Health, West Bengal University of 
Animal and Fishery Sciences, Kolkata. The revival of the 
glycerol stock of this strain, culture maintenance and 
pathogenicity testing by intramuscular injection were 
described in Julinta et al. (2017). The Reed & Muench 
(1938) method was followed for the lethal dose (LD50) 
determination. 

 
Efficacy of Oral Oxolinic Acid Therapy Against 
Aeromonas Hydrophila Infection 
 

The recommended dose and dosage of oxolinic 
acid (OA) is 12 mg/kg biomass/day for 7 consecutive 
days (EMEA, 2005). The medicated feed containing OA 
(Sigma, India) and control feeds were prepared for 
feeding O. niloticus juveniles at 2% body weight (BW) as 
per our earlier reports (Julinta et al., 2017; Bardhan et 
al., 2022). The experiment was conducted using plastic 
tanks with dimensions of L58 × H45 × B45 cm and 
juveniles of size 8.39±0.67 cm and 15.20±0.72 g. Before 
use, the tanks were thoroughly cleaned, dried, filled 
with clean water to a volume of 80 L and conditioned for 
three days. After the conditioning, the nine tanks were 
stocked with 25 fish/tank, sourced from the 
acclimatized stocks, properly labelled, and covered with 
nylon netting for adequate protection. The fish were fed 
a control feed daily at 2% BW before the challenge. 
Approximately 50% of the water was exchanged 
regularly, and any leftover feed and faecal matter were 
removed daily. Throughout the experiment, regular 
measurements of physicochemical parameters were 
taken to ensure optimal conditions.  

The experimental fish were divided into three 
groups in triplicates. Group 1 served as the unchallenged 
control. Group 2 was challenged and OA feed-fed 
(treated). Group 3 was challenged and fed a control feed 
(untreated). After three days of acclimatization, the fish 
of groups 2 and 3 were intramuscularly injected at the 
base of the dorsal fin with 0.1 ml of A. hydrophila cell 
suspension to achieve a sub-lethal dose of 1.93×106 
cells/fish. The fish of group 1 were intramuscularly 
injected with 0.1 ml saline and served as unchallenged 
control. Following the injection, the fish were 
transferred to their respective tanks. All fish groups 
were provided with the appropriate feeds at 2% BW 
thrice daily. The treatment period for group 2 lasted for 
7 days post-injection (DPI), during which period OA feed 
was offered. Following the treatment period, fish were 
switched to the control feed. The fish of groups 1 and 2 
were fed a control feed. Any unconsumed feed in the 
tank was removed daily, air-dried and weighed 
accurately. Daily observations include mortality, 
external signs of infections, feed consumption and 
behavioural changes in the fish. 

 
Wound Progression and Healing  
 

The wounds at the site of injection were captured 
daily using a digital camera throughout the experimental 
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period. The extent of tissue damage was assessed using 
a scoring system ranging from 0 to 6, as outlined in the 
scale proposed by Bernet et al. (1999). The scoring was 
based on the degree and extent of damage observed. 
The progression and healing of the wounds were 
qualitatively assessed on an ordinal scale as follows: 0: 
no damage or undamaged with no pathological 
significance, 0.5: very mild damage with little or no 
pathological importance, 1: very mild damage with 
minimal pathological importance, 2: mild damage with 
minimal pathological importance, 4: moderate damage 
with moderate pathological importance and 6: severe 
damage with marked pathological importance. 
Intermediate values were also taken into consideration 
for the assessment. 

 
Collection of Blood and Plasma 

 
Two fish were arbitrarily removed from each tank 

and blood was collected by caudal puncture using 2 mL 
sterile syringes (Roberts, 2012). The blood was 
transferred immediately to 1.5 mL Eppendorf tubes that 
had been rinsed with a 5% ethylene diamine tetra acetic 
acid (EDTA) anticoagulant. The plasma was obtained by 
centrifuging at 4500 rpm for 15 min, carefully 
transferred to Eppendorf tubes and stored at -20°C to 
facilitate further analysis. 
 
Plasma Biochemistry 
 

Plasma glucose was measured using the glucose 
GOD FS kit through the glucose dehydrogenase 
photometric method (Schmidt et al., 1961). The plasma 
calcium was determined photometrically using the 
calcium AS FS kit following the arsenazo III method 
(Michaylova & Ilkova, 1971). The ferric (III) perchlorate 
method was used to quantify plasma chloride 
photometrically using the chloride 21 FS kit (Young et al., 
1975). The plasma creatinine was determined using the 
creatinine test kit following the modified Jaffe's reaction 
and the initial rate assay method (Young et al., 1975). 
The plasma alanine transaminase (ALT) and aspartate 
transaminase (AST) were measured using the ALT and 
AST kits through the modified UV (IFCC) and kinetic 
assay methods (Wolf et al., 1972). The plasma alkaline 
phosphatase (ALP) was determined by the ALP FS kit 
following the kinetic photometric test method (Tietz, 
1994). All the kits used for measuring plasma 
parameters are manufactured by Erba Diagnostics Ltd., 
Mannheim, Germany. 
 
Histopathology 
 

The kidney and liver samples of A. hydrophila AAH-
28 challenged and OA-treated, untreated and control O. 
niloticus were fixed in Bouin's solution for 24 h. The fixed 
samples were subjected to conventional processing and 
embedded in paraffin wax. Thin sections of about 5 μm 
size were prepared and stained with eosin and 

haematoxylin (Roberts, 2012). The sections were 
scanned and photomicrographed in 200× magnification 
in a trinocular research microscope (Olympus, Japan, 
Model: BX51) to assess the abnormalities.  

 
Statistical Analyses  
 

The data were expressed as mean ± standard 
deviation. Feeding behaviour scores were analyzed 
using the non-parametric Kruskal Wallis test with pair-
wise comparisons. The data relating to mortalities, 
biomass and plasma biomarkers were analyzed by one-
way ANOVA and the significance of differences among 
the treatments and days was confirmed by the Tukey 
posthoc test for comparing means. The qualitative 
scores of wound progression and healing within and 
among the challenge groups were analyzed using 
related samples Friedman ANOVA for dependent 
samples and the Mann-Whitney U test for independent 
samples. All statistical analyses were performed using 
the Statistical Package for Social Sciences (IBM-SPSS), 
version 22.0, with a significance level set at P<0.05. 
 

Results 
 

Pathogenicity of Aeromonas hydrophila AAH-28 on 
Oreochromis niloticus 
 

The clinical and behavioural signs and mortalities 
were recorded daily for up to 15 DPI. The challenged O. 
niloticus exhibited initial signs of lethargy, abnormal 
behaviour, wandering around the corners, resting at the 
bottom and vertical swimming. Inflammation and 
haemorrhages were observed at the site of injection. 
Within 72 h of injection, A. hydrophila at 1.03×108 
cells/fish caused 80% mortalities. About 50%, 10% and 
5%, mortalities were observed in fish injected with 107, 
106 and 105 cells/fish, respectively. The LD50 value for A. 
hydrophila AAH-28 strain was estimated to be 1.93×107 
cells/fish. 

 
Efficacy of oxolinic Acid Against Aeromonas 
hydrophila AAH-28 
 

The challenged O. niloticus juveniles were weak, 
lethargic, hanging and/or lying at the bottom of the 
tank. The feed intake was 100% in the control group, 
which reduced significantly to 87.54±0.80% and 
80.25±0.36% in the OA-treated and untreated groups, 
respectively until 21 DPI. Only minor but insignificant 
moralities in the range of 4.00±4.00 - 5.33±4.62% were 
recorded in both challenge groups. The biomass 
recorded in the control, OA-treated and untreated 
groups were 193.90±7.43 g, 173.83±1.26g and 
164.67±5.86 g, respectively, which differed significantly 
(P<0.05). However, the biomass of the OA-treated and 
untreated groups differed insignificantly (P>0.05) on DPI 
21. 
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Wound Progression and Healing  
 

The challenged fish exhibited abnormal 
movement, haemorrhages with loss of scales at the 
injected site, skin peeling with a haemorrhagic lesion, 
pale gills, haemorrhagic opercular region, tail rot and 
darkening of the body colour. Within 24 h, tissue 
reddening, inflammation and skin peeling at the site of 
injection became evident, along with the appearance of 
open sub-epithelial wounds. However, with the 
administration of OA therapy, the reddening and 
inflammation gradually diminished and a black scar 
formed in the ulcerated area. In the next three days, the 
areas surrounding the wound became very dark. On day 
5 of OA therapy, all examined wounds were closed with 
the development of new skin and scales. By 7 DPI, the 
black scar disappeared and dermal fibrous tissue 
regrowth was evident, along with the formation of new 
skin at the ulcerated scar region. On 14 DPI, the black 
scars disappeared completely at the injection site. 
Notably, the wounds of the OA-treated group healed 
faster compared to the untreated group (Figure S1, S2; 
Table 1). 

 
Plasma Biomarkers 
 

The plasma glucose levels of the challenged groups 
increased significantly from 40.00±2.00 mg/dL (P<0.05) 
and peaked on DPI 1. It reduced significantly (P<0.05) 
thereafter and reached near normal level on 21 DPI, but 
the levels were still high compared to day 0. The 
untreated group had higher glucose compared to the 
OA-treated group on DPI 21 (Figure 1A). The calcium 
levels reduced insignificantly (P>0.05) on DPI 1 in both 
OA-treated and untreated groups. Later, its level 
increased and reached near normal level on DPI 21 
(Figure 1B). The plasma chloride was also reduced in 
both groups on DPI 1, which increased later till DPI 21. 
Yet, the levels were still lower than on day 0 (Figure 1C). 
The plasma creatinine of the OA-treated group reached 
a peak on DPI 1, followed by a reduction with time till 
DPI 21. A similar trend with significantly higher levels 

(P>0.05) on DPI 21 was noted in the untreated group. 
However, the creatinine levels of both groups did not 
recoup fully (Figure 2A). An increment in plasma ALP was 
observed on DPI 1 in both groups from 11.33±2.08 IU/L. 
The ALP of the untreated group was significantly higher 
than the treated group on all days of observation 
(P<0.05). Though the ALP levels of both groups reduced 
significantly (P<0.05) on DPI 21, the levels were still 
higher compared to day 0 (Figure 2B). A significant 
increase in plasma AST (P<0.05) was observed in 
challenged groups on DPI 1, after which their levels were 
reduced. The AST levels of both groups returned to near 
normal on DPI 21 (Figure 2C). On DPI 1, the plasma ALT 
levels of challenged groups were significantly higher 
(P<0.05), which reduced significantly with time. 
However, the levels did not reach a normal state on DPI 
21 (Figure 2D). 
 
Histopathological Changes in the Kidney and Liver 
Tissues 
 

Table 2 presents the qualitative histopathological 
scoring of the alterations in the kidney and liver tissues 
of A. hydrophila-challenged O. niloticus with or without 
OA treatment in comparison to the control (Figure 3, 4). 
The kidney tissues of control tilapia showed a normal 
histo-structural organization of the renal tubules with a 
well-organized glomerulus (Figure 3A). On DPI 1, the 
kidney tissues of the OA-treated group exhibited 
degeneration of renal tubules (3.49±0.13), hydropic 
swelling (3.23±0.16), haemocyte infiltration (1.82±0.26), 
necrotized area (1.43±0.18) and wide lumen (1.15±0.23) 
(Figure 3B). Subsequently, significant reductions 
(P<0.05) were observed in all histopathological 
alterations of the kidney structure on DPI 7 and 14 in the 
treated group (Figure 3D, F). On DPI 21, recovery of the 
renal tissues was noted in the treated group, although 
mild degeneration of renal tubules (1.25±0.10), 
hydropic swelling (1.20±0.13) and haemocyte 
infiltration (0.94±0.16) persisted (Figure 3H). In contrast, 
the untreated group documented significantly higher 
degrees (P<0.05) of alterations compared to the treated 

Table 1. The rate of wound progression and healing in Aeromonas hydrophila-challenged Oreochromis niloticus juveniles fed 
oxolinic acid (OA) at 12 mg/kg biomass/day for 7 consecutive days during the treatment regime in comparison with control 

Treatment days Wound progression and healing score upon intramuscular challenge 

OA treated* Untreated** 

Day 0 0.00±0.00 0.00±0.00 
1 DPI 3.05±0.21a3 4.80±0.21b3 
2 DPI 2.45±0.33a23 3.85±0.38b3 
3 DPI 1.50±0.40a123 1.95±0.37a23 
4 DPI 1.05±0.11a123 1.45±0.11b123 
5 DPI 0.75±0.18a12 1.20±0.11b123 
6 DPI 0.50±0.25a1 0.95±0.21b123 
7 DPI 0.25±0.00a1 0.70±0.11b123 
8 DPI 0.00±0.00 0.50±0.0012 
9 DPI 0.00±0.00 0.25±0.181 
10 DPI 0.00±0.00 0.15±0.141 
11-14 DPI 0.00±0.00 0.00±0.00 

*: Aeromonas hydrophila challenged and OA treated; **: Aeromonas hydrophila challenged and untreated. DPI: day post-injection 
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group, such as degeneration of renal tubules 
(4.07±0.05), hydropic swelling (3.63±0.10), haemocyte 
infiltration (1.30±0.26), necrotized area (1.60±0.14) and 
wide lumen (1.63±0.25) on DPI 1 (Figure 3C). The 
untreated group showed slower recovery on DPI 7 and 
14 compared to the treated group (Figure 3E, G). 
However, on DPI 21, a reduction in kidney tissue 
aberrations was documented, with the mild persistence 
of degeneration of renal tubules (2.22±0.21), hydropic 
swelling (2.03±0.10) and necrotized area (0.80±0.25) 
(Figure 3I). 

Aeromonas hydrophila-challenge caused 
significant alterations in the hepatic tissues of O. 
niloticus. On DPI 1, the OA-treated group exhibited 
cytoplasmic vacuolation (3.96±0.22), lipid vacuolation 
(4.47±0.13) and degeneration of hepatocytes 
(3.05±0.15) compared to the control (Figure 4A, B). 
Subsequently, significant reductions (P<0.05) were 
observed in all histopathological alterations in the 
treated group (Figure. 4D, F, H). By DPI 21, the treated 
group showed near normal cytoplasmic vacuolation 
(1.47±0.10), lipid vacuolation (0.47±0.10) and 
degeneration of hepatocytes (1.18±0.25) (Figure 4H). In 

the untreated group, cytoplasmic vacuolation 
(4.12±0.09), lipid vacuolation (4.67±0.05) and 
degeneration of hepatocytes (3.55±0.10) were observed 
on DPI 1 (Figure 4C). This group exhibited slow recovery 
compared to other groups. By DPI 21, the changes like 
cytoplasmic vacuolation (2.97±0.16) and degeneration 
of hepatocytes (2.30±0.26) were mild to moderate, 
while the lipid vacuolation (0.93±0.10) was almost 
normal (Figure 4E, G, I). 

 

Discussion 
 

Aeromonas hydrophila is known for its consistent 
association with pathogenicity in various food fish 
species worldwide and is responsible for multiple 
infections (Austin & Austin, 2016; Sherif & Kassab, 
2023). The determination of the LD50 value of the study 
organism before the experimental challenge is 
advantageous for ensuring successful experiments and 
inducing clinical signs and symptoms (Rey et al., 2009). 
In the present study, when A. hydrophila AAH-28 was 
injected intramuscularly into healthy tilapia, 
inflammation and haemorrhages were observed at the 

 
Figure 1. Plasma [A] glucose, [B] calcium and [C] chloride levels of Aeromonas hydrophila challenged Oreochromis niloticus. Group 
1: Unchallenged control; Group 2: Challenged and oxolinic acid (OA) fed at the therapeutic dose of 12 mg/kg biomass/day for 7 
consecutive days; Group 3: Challenged and untreated. a-c: Bars sharing a common alphabet for a particular day differed 
insignificantly (P>0.05). 1-5: Bars sharing a common numeral for a particular treatment differed insignificantly (P>0.05). DPI: day 
post-injection. 
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injection site and caused increased mortalities (80%) at 
higher doses. The fish that received lower doses 
remained active with no serious abnormalities or 
mortalities, except for the primary inflammatory 
response at the injection site. The LD50 value of 1.93×107 
cells/fish indicated that A. hydrophila AAH-28 is 
moderately pathogenic to tilapia as per the criteria of 

Mittal et al. (1980). In the efficacy trial, O. niloticus 
juveniles were first challenged with A. hydrophila at a 
sub-lethal dose of 1.93×106 cells/fish through 
intramuscular injection. During the post-challenge 
period, only insignificant mortalities were noted at the 
sub-lethal dose in OA-treated and untreated groups. 
These mortalities could be attributed to factors such as 

 
Figure 2. Plasma [A] creatinine, [B] alkaline phosphatase [C] aspartate transaminase and [D] alanine transaminase levels of 
Aeromonas hydrophila challenged Oreochromis niloticus. Group 1: Unchallenged control; Group 2: Challenged and oxolinic acid 
(OA) fed at the therapeutic dose of 12 mg/kg biomass/day for 7 consecutive days; Group 3: Challenged and untreated. a-c: Bars 
sharing a common alphabet for a particular day differed insignificantly (P>0.05). 1-5: Bars sharing a common numeral for a 
particular treatment differed insignificantly (P>0.05). DPI: day post-injection. 

 
 
 
Table 2. Qualitative assessment* of the major histopathological changes in Aeromonas hydrophila-challenged Oreochromis niloticus 
juveniles fed oxolinic acid (OA) at 12 mg/kg biomass/day for 7 consecutive days in comparison with control 

Histopathological 
changes 

DPI 1 DPI 7 DPI 14 DPI 21 

OA-treated* Untreated** OA-treated Untreated OA-treated Untreated OA-treated Untreated 

Kidney         

Degeneration of renal 
tubules 

3.49±0.131a 4.07±0.052a 2.57±0.281b 3.57±0.112b 1.57±0.151c 3.06±0.202c 1.25±0.101d 2.22±0.212d 

Hydropic swelling 3.23±0.161a 3.63±0.102a 2.75±0.231b 3.32±0.102b 1.60±0.251c 2.86±0.122c 1.20±0.131d 2.03±0.102d 

Haemocyte 
infiltration 

1.82±0.261a 1.30±0.262a 1.58±0.241b 1.22±0.212a 1.27±0.101c 0.80±0.182b 0.94±0.161d 0.50±0.212c 

Necrotized area 1.43±0.181a 1.60±0.142a 1.32±0.121a 1.39±0.121b 0.95±0.221b 1.18±0.122c 0.47±0.101c 0.80±0.252d 

Wide lumen 1.15±0.231a 1.63±0.252a 0.95±0.121b 1.22±0.212b 0.50±0.171c 0.73±0.242c 0.33±0.101c 0.50±0.212c 

Liver         

Cytoplasmic 
vacuolation 

3.96±0.221a 4.12±0.092a 3.46±0.131b 3.65±0.102b 1.97±0.201c 3.37±0.072c 1.47±0.101d 2.97±0.162d 

Degeneration of 
hepatocytes 

3.05±0.151a 3.55±0.102a 2.45±0.361b 3.02±0.172b 1.57±0.121c 2.73±0.182c 1.18±0.251d 2.30±0.262d 

Lipid vacuolation 4.47±0.131a 4.67±0.052a 0.90±0.211b 4.01±0.112b 0.50±0.111c 1.03±0.142c 0.47±0.101c 0.93±0.102c 

*Qualitative assessment ordinal scale: 0 = No change; 1 = Normal with <5% of tissues affected; 2 = Mild with 5–15% of tissues 
affected; 3 = Moderate with 15–25% of tissues affected; 4 = Marked with 25–50% of tissues affected and 5 = Severe with >50% of 
tissues affected. The qualitative assessment was based on six observations (mean ± standard deviation) for each organ of the 
respective group. 1-2: Values sharing a common numerical superscript within a row for a particular histopathological change for a 
particular day differed insignificantly (P>0.05). a-d: Values sharing a common alphabetical superscript for a particular row among 
the days (DPI) for a particular treatment differed insignificantly (P>0.05). DPI: day post-injection. *: Aeromonas hydrophila 
challenged and OA treated; **: Aeromonas hydrophila challenged and untreated. 
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physical handling during injection, injection stress, 
environmental factors, challenge doses and fish 
immunity. In a similar study by Yardimci & Aydin (2011), 
during the intramuscular challenge with A. hydrophila in 
O. niloticus, infections were noticed only in skin and 
muscles, whereas intraperitoneal injection established 
infections in visceral organs like the liver and kidney.  

The challenged fish reduced the feed intake by 
about 12-15% and the feeding rate was at its lowest 
during the disease progression period. However, it 
gradually increased towards normal levels by the end. 

The OA-treated group exhibited higher feed intake 
compared to the untreated group, indicating a positive 
response to OA treatment against A. hydrophila 
infection. Though the biomass of all fish groups 
increased significantly with time, the challenged fish 
groups had lower biomass increments compared to the 
control. Nevertheless, on 21 DPI, the OA-treated group 
documented higher biomass than the untreated group, 
which correlated with their feeding behaviour. 
Decreased appetite and growth retardation are often 
early signs of stress and disease in fish (Julinta et al., 

 
Figure 3. Histoarchitecture of the kidney tissues of Aeromonas hydrophila challenged Oreochromis niloticus. [A] Control, [B] Day 1 
OA treated, [C] Day 1 untreated, [D] Day 7 OA treated, [E] Day 7 untreated, [F] Day 14 OA treated, [G] Day 14 untreated, [H] Day 
21 OA treated, [I] Day 21 untreated. HS: hydropic swelling; HI: haemocyte infiltration; DB: dilated Bowman’s space; WL: wide 
lumen; NA: necrotized areas and DRT: degeneration of renal tubule.  H&E staining ×200. OA therapeutic dose was 12 mg/kg 
biomass/day for 7 consecutive days. 
 
 
 

 
Figure 4. Histoarchitecture of the liver tissues of A. hydrophila challenged O. niloticus. [A] Control, [B] Day 1 OA treated, [C] Day 1 
untreated, [D] Day 7 OA treated, [E] Day 7 untreated, [F] Day 14 OA treated, [G] Day 14 untreated, [H] Day 21 OA treated, [I] Day 
21 untreated. DH: degeneration of hepatocytes; CV: cytoplasmic vacuolation; LV: lipid vacuolation and NA: necrotized areas. H&E 
staining ×200. OA therapeutic dose was 12 mg/kg biomass/day for 7 consecutive days. 
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2017). This present work proved that medicated feed is 
considered an effective and convenient method to treat 
fish. However, it is crucial to administer them promptly 
since sick fish tend to stop feeding, and early 
intervention can improve their recovery (Kelly, 2013). 

           Wound healing assessment was done 
through a selection of digital images, which gave 
illustrations of the healing process at different periods. 
The challenged fish were weak and lethargic initially. 
Tissue reddening, inflammation and skin peeling at the 
site of injection and open subepithelial wounds started 
to become obvious within 24 h of the challenge. During 
the OA therapy, reddening and inflammation subsided 
with the formation of a black scar in the ulcerated area. 
The reddening and inflammation subsided relatively 
faster in the OA-treated group compared to the 
untreated group. The areas surrounding the wound 
become very dark on 3 DPI may be due to an increased 
number of melanocytes, thus, suggesting an increased 
melanocyte activity after the injury (Guerra et al., 2008; 
Julinta et al., 2017; Roy et al., 2019). The black scar 
disappearance, the onset of dermal fibrous tissue 
regrowth and the formation of new skin at the ulcerated 
scar region were seen on 5 DPI, indicating regeneration 
of the muscle tissue. All wounds examined were closed 
with the disappearance of the black scar, the onset of 
dermal fibrous tissue regrowth and the formation of 
new skin at the ulcerated scar region on 7 DPI. The 
depression at the injection site during the recovery 
period of 9 DPI indicated that the tissue regrowth had 
not reached steady-state levels. On 12 DPI, the complete 
disappearance of the depression at the site of injection 
was noticed. Likewise, Roy et al. (2019) observed, within 
a few weeks, the complete disappearance of the black 
scar with mild depression at the site of injection with a 
new scale having the size and characteristics of a mature 
scale completely re-grown. The wounds of the OA-
treated group healed faster than the untreated group. 
Though the rate of wound healing was initially faster in 
OA-treated fish, the wounds were healed completely 
within 14 DPI even in untreated fish. In some other 
studies of A. hydrophila-induced and A. caviae-induced 
wounds in O. niloticus by intramuscular challenge, the 
epidermis became normal by 26-30 DPI with 
oxytetracycline treatment (Julinta et al., 2017; Roy et al., 
2019). According to them, the main effect was generally 
seen on fibrous tissue, including the repair of damaged 
dermal fibres, revascularisation and the re-
establishment of normal dermal and muscle structure. 
The results, thus, demonstrated that the degree of 
wound healing was promoted by OA medicated feed, 
which was more prominent during the treatment 
period. 

Blood biochemical characteristics provide valuable 
insights into an organism's internal condition. In the 
present study, after intramuscular injection, a significant 
increase in stress indicator plasma glucose was observed 
compared to the control. The rise in glucose levels on 
DPI 1 for the challenged groups suggested that A. 

hydrophila infection may induce stress in fish like 
Pakhira (2013) and Dong et al. (2017). From 7 DPI 
onwards, the plasma glucose of the OA-treated group 
significantly decreased compared to the untreated 
group, implying that OA treatment contained the A. 
hydrophila infectivity, reduced the impact and alleviated 
the stressful condition. Until 21 DPI, the untreated 
group exhibited significantly higher glucose than the OA-
treated group, indicating that the A. hydrophila infection 
might cause prolonged stress in fish. Changes in 
inorganic ions, such as calcium and chloride, can have an 
impact on an organism's physiological processes and 
osmoregulation (Ramesh et al., 2021). Within 24 h, the 
challenged groups showed a significant reduction in 
plasma calcium and chloride levels, thus, causing ionic 
imbalance. Earlier studies also reported similar findings, 
where the levels of inorganic ions significantly 
decreased in A. hydrophila-challenged C. carpio 
(Harikrishnan et al., 2003; Wu et al., 2021). Since the 
kidney plays a role in maintaining ionic balance, the 
observed decrease in calcium and chloride levels during 
bacterial infection suggested potential dysfunction of 
this excretory organ (Wei et al., 2016). From DPI 7 to 21, 
both groups exhibited an increase in plasma calcium and 
chloride levels, indicating recovery from the A. 
hydrophila infection. Nevertheless, the OA-treated 
group showed a rapid increase in plasma calcium and 
chloride compared to the untreated group, suggesting 
that OA can significantly mitigate bacterial infection and 
facilitate improved recovery of the vital organs of fish. 
By DPI 21, the plasma calcium and chloride levels of the 
OA-treated group approached normal levels, although 
they remained slightly lower than on day 0. On the other 
hand, the untreated group showed a slower recovery of 
ionic balance on DPI 21, indicating the persistence of A. 
hydrophila infection-induced stress in fish.  

Both challenged groups showed a significant 
increase in plasma creatinine on DPI 1 compared to the 
control and corroborated the study of Pakhira (2013) 
and El-Barbary (2017) in A. hydrophila-infected fish. The 
elevated plasma creatinine indicated kidney damage 
and impaired renal function. Interestingly, both groups 
differed significantly from each other immediately after 
intramuscular injection and on 14 DPI, with lower 
creatinine levels in the OA-treated group compared to 
the untreated group. The plasma creatinine decreased 
in both groups on DPI 21 but remained higher than on 
day 0. However, the reduction in plasma creatinine was 
more pronounced in the OA-treated group compared to 
the untreated group. These results highlight the 
therapeutic effect of OA, which provided resistance 
against bacterial infection in O. niloticus. Similarly, 
quinolone treatment demonstrated a reduction in 
kidney damage and decreased blood creatinine levels in 
O. niloticus injected with A. hydrophila (Hal & El-Barbary, 
2021).  

According to Van der Oost et al. (2003), changes in 
liver enzymes ALT and AST serve as essential indicators 
of liver tissue damage caused by stress and play a 
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significant role in assessing liver metabolism. The ALP is 
known to function as an immune factor that protects 
against stress and infection. Within 24 h, both 
challenged groups exhibited a significant increase in 
plasma ALT and AST compared to the control. However, 
the increment was relatively lower in the OA-treated 
group. Similar observations were made in Streptococcus 
agalactiae-infected Oreochromis sp. (Alsaid et al., 2014) 
and F. columnare-challenged C. carpio (Tripathi et al., 
2005) and naturally infected fish (Racicot et al., 2006), 
indicating hepatic injury leading to dysfunction and 
disturbance in enzymatic activities. Although the ALT 
and AST in the OA-treated group approached near-
normal on 21 DPI, they were still higher than on day 0. 
In contrast, the untreated group showed significantly 
higher ALT and AST on 21 DPI. Alike, Ibrahim et al. (2020) 
noted a significant reduction in ALT and AST with 
doxycycline treatment in A. hydrophila-challenged 
Clarias gariepinus. The significant reduction in plasma 
ALT and AST in the OA-treated group indicated the 
bactericidal and certain hepato-protective properties of 
medicated feed, enabling the fish to recover from liver 
damage and thwart A. hydrophila infection. In the 
present study, upon intramuscular injection, both 
groups showed a significant increase in plasma ALP on 
DPI 1 compared to the control, which corroborated the 
findings in A. hydrophila-challenged Ctenopharyngodon 
idella (Wang & Li, 2017) and L. rohita by immersion 
(Manoj et al., 2010). The increased ALP during the post-
challenge period may be considered an adaptive 
response to mitigate the effects of A. hydrophila 
infection. The results of this study also implied that the 
increase in ALP is associated with liver tissue necrosis. 
By 21 DPI, plasma ALP was significantly reduced in both 
groups and the reduction was more pronounced in the 
OA-treated group. It implied the beneficial effects of 
therapeutic OA in mitigating A. hydrophila infection in 
the liver and enhancing the fish's adaptive responses. 

Histology of the control fish kidney tissues revealed 
a regular and organized structure, including a well-
defined glomerulus. However, on DPI 1, significant 
pathological changes were observed in the kidney 
tissues of the A. hydrophila-challenged groups. The 
observed changes indicated severe nephropathy with 
notable cellular and tissue level alterations. The 
untreated group exhibited more severe changes 
compared to the OA-treated group. The results 
indicated the pathogenic potential of A. hydrophila and 
its ability to cause systemic infection even at the 
sublethal dose. Hydropic swelling of the nephritic 
tubular epithelial cells indicated severe cellular oedema. 
The dilated Bowman's space suggested impaired 
glomerular filtration, leading to the inadequate removal 
of excess waste and fluids from the kidney. The results 
confirmed the similar findings reported earlier due to A. 
hydrophila infection (Skjolstrup et al., 2000; Paul et al., 
2015). On DPI 14 and 21, the OA-treated group showed 
a reduction in glomerulopathy and improvement in the 
structural organization of renal tubules, possibly 

attributed to the inhibitory effects of OA on bacterial 
activity. It has been reported that antibiotics can limit 
the growth of bacterial populations and their production 
of toxins and by-products (Schlomann et al., 2019) and 
the observed results supported their findings. The 
observed decrease in plasma creatinine from DPI 7 to 21 
also indicated an improvement in kidney function in the 
OA-treated group similar to Hal & El-barbary (2021) in A. 
hydrophila-injected O. niloticus. In contrast, the 
untreated group showed minimal improvement, 
exhibiting marked degeneration of renal tubules, 
moderate to marked hydropic swelling, and mild 
necrotized areas on DPI 7. Subsequently, this group 
exhibited slower recovery from DPI 14 onwards. On DPI 
21, a reduction in kidney tissue aberrations was 
observed, yet the changes were still evident. These 
observations suggested the beneficial effect of dietary 
OA on the kidney tissues against A. hydrophila infection.  

 The liver tissues of the control fish exhibited a 
normal structure and systematic arrangement of 
hepatocytes. The challenged groups showed severe 
pathological alterations in the liver tissues on DPI 1 
concomitant with the significant increase in plasma ALT 
and AST. The observed histopathological changes of the 
present study were consistent with previous findings in 
different fish species infected with Aeromonas (Noor El 
Deen et al., 2014; Paul et al., 2015). The lipid vacuolation 
and necrosis of the liver are believed to be associated 
with toxins and extracellular products, such as 
hemolysin, protease, and elastase produced by 
Aeromonas (Yardimci & Aydin, 2011). These results are 
in line with the observations of Reda et al. (2013), who 
noted severe fatty changes and vacuolations in the 
hepatocytes of O. niloticus infected with Aeromonas. 
Shahjahan et al. (2020) also reported massive diffuse 
necrosis in the liver tissues of fish challenged with 
Aeromonas, characterized by vacuolation and atrophy. 
Importantly, significant reductions in the 
histopathological alterations of liver tissues and plasma 
ALT and AST levels were observed in the OA-treated 
groups on and from DPI 7. This implied that OA enabled 
the fish to recover from liver damage induced by the A. 
hydrophila challenge. In contrast, the untreated group 
showed severe pathological effects in the liver with 
higher levels of plasma ALT and AST on DPI 7. Although 
some recovery in the liver tissue was observed on DPI 14 
and 21, the recovery was still lower than the degree of 
recovery observed in the OA-treated group. 

 

Conclusion 
 

Managing the health of aquatic organisms often 
involves the strategic and effective use of 
chemotherapeutics. In this context, the current study 
demonstrated the potential effect of oxolinic acid 
against A. hydrophila infections in fish. The 
intramuscular A. hydrophila challenge resulted in 
various histopathological changes in the vital organs and 
altered the clinical biochemistry, indicating possible 
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nephrotoxicity and hepatotoxicity. The OA treatment 
demonstrated its efficacy against A. hydrophila infection 
in O. niloticus juveniles, effectively stabilizing the clinical 
biochemical parameters and aiding in recovery from the 
infection. The wound healing was faster in the OA-
treated group with complete wound closure within 12 
DPI. Additionally, oral OA therapy improved the feed 
intake and biomass of O. niloticus compared to the 
untreated group. Nevertheless, it is important to note 
that quinolones including OA are categorized as critically 
important antimicrobials for humans and are considered 
highly important antimicrobial agents for veterinary 
animals (OIE, 2020; WHO, 2021). As per Office 
International des Epizooties (OIE) guidelines, critically 
important medicines should be used as a second-line 
treatment in food-producing animals only when no 
other alternatives are available (OIE, 2020). Though OA 
was efficacious against A. hydrophila infection, it should, 
therefore, be used as a second-line treatment choice, 
adhering to OIE recommendations.   
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Supplementary Figure 1. The wound progression, healing, and the gross and clinical changes observed in Aeromonas hydrophila-

challenged and oxolinic feed-fed Oreochromis niloticus juveniles for 7 consecutive days. DPI: Day post-injection. 
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Supplementary Figure 2. The wound progression, healing, and the gross and clinical changes observed in Aeromonas hydrophila-

challenged and control-feed-fed Oreochromis niloticus juveniles. DPI: day post-injection. 


