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Abstract

This study aimed to identify and characterize the causative agent of microbial illnesses in a freshwater aquacultured Catla
catla. Along with water samples, a total of 10 fish samples exhibiting clinical indications of illnesses such as hemorrhagic
septicemia were gathered. Using morphological, biochemical, and molecular methods, bacteria were characterized. Antibiotics
sensitivity test showed that isolate FP04, FP07 and FP10 were shown very little sensitivity towards most of antibiotics. FP04
shown complete resistant towards Cotramoxazole and Tetracycline, FPO7 shown resistance against Cotramoxazole while FP10
was fully resist to Nitrofurantoin antibiotic. All water quality measurements, with the exception of temperature, ammonia, and
free CO2, were within normal limits. The existence of antibiotic-resistant bacteria in C. catla afflicted by hemorrhagic
septicemia is confirmed by this investigation. By consuming these aquatic goods and by-products, humans may become
infected with these antibiotic-resistant bacteria. Therefore, for an efficient disease control plan, the sensitivity of these bacteria

to antibiotics should be regularly assessed.
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Introduction

Over the past few decades, the global aquaculture sector has
grown at an average annual pace of 6.6%, exceeding the
increase of the human population (Nadarajah and Flaaten,
2017) 3. The industry is essential to the growth of the
economy. Despite this industry's significant contribution,
aquaculture's performance is frequently dictated by how
well diseases are managed (Israngkura and Sae-Hae, 2002,
Hasimuna et al., 2023) U7l These days, Maharashtra's
several districts are concentrated on the polyculture of large
Indian carps (Das and Ferosekhan, 2022). The most well-
liked carp species is Catla catla, a native fish of the region's
riverine ecosystem (Bais, 2018) [l It is a common food fish
in India and plays a significant role in the region's
polyculture system because of its faster growth rates and
better economic worth. Fish raised in fish farms are
frequently more vulnerable to certain pathogens, particularly
when the weather is colder. Pseudomonas sp. caused
outbreaks of severe illnesses such as hemorrhagic
septicemia,  gill necrosis, abdominal distension,
splenomegaly, friable liver, and congested kidney have been
linked to significant economic losses (Ardura et al., 2013 B!
and Algammal et al., 2020) 21,

Variable clinical indications, including as hemorrhages on
the skin, fins, and other body parts, are indicative of the
condition. The pathogens also attack the fish's internal
organs and muscles if the disease lasts for extended periods
of time (Overstreet and Hawkins, 2017) ?7. As a result,
efforts were conducted in this study to identify the most
resistant fish pathogens as well as to isolate the fish
pathogens linked to the Catla catla. These steps were
followed by characterizing the isolates and determining their
pattern of antibiotic sensitivity. To ascertain the efficacy of
regularly used antibiotics for the treatment of this condition,
antibiotic sensitivity was also investigated.

Materials and methods

Collection of Fish and Water Samples

Attendance at outbreaks and the collecting of fish samples
from the Vishnupuri Dam in Vishnupuri, Nanded,
Mabharashtra, were included in the study. This dam is
utilized for commercial fish farming and water storage. The
postmortem lesions of generalized septicemia surrounding
the anus, together with the expansion of the gall bladder and
the yellowish hue of the air bladder, were the criteria used to
select the moribund fish samples (n = 10). Fish samples
were taken, placed in sterile plastic bags, kept cold, and sent
straight to the lab for analysis. Water quality measures, such
as temperature, dissolved oxygen, CO2, pH, total alkalinity,
total hardness, ammonia, and nitrite, were tested on water
samples that were taken from several dam locations.

Analysis of water

Temperature and pH were measured at the sampling site
(Golterman et al., 1978) I3, While other water quality
indicators including Dissolved Oxygen (DO), Carbon
Dioxide (CO2), Total Alkality, Total Hardness, Ammonia
Concentration and Nitrate concentration were measured in
the lab with standard protocol. The association between the
water quality indicators and hemorrhagic septicemia was
then determined by comparing the observed values of the
parameters with standard values (GOP, 2006 and Nurul ef
al., 2016) 21,

Isolation of Bacterial Pathogens

Fish samples collected from the aquaculture site were
proceed for disinfection of fish skin with a 70% alcohol and
absolute betadine solution, aseptic dissection took place in
the lab. The liver, kidneys, spleen, and muscles of the
infected fish were streaked in duplicate onto Nutrient Agar
(HiMedia, Ltd.) and incubated for a full day at 37°C.
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Twenty-four hours after incubation, colonies of bacteria
were grown on plates containing cultured media. Through
reinoculation onto brain heart infusion agar, suspected
colonies were refined. For additional analysis, the pure
culture was moved to nutrient agar slants and refrigerated at
-4°C.

Characterization of the isolates

Isolated pure strains were subjected to characterize using
morphological approach containing size, shape, colour,
margine, opacity, consistency, motility of the isolates,
biochemical assays viz. IMVIC test, sugar fermentation test,
enzyme tests etc in accordance with Bergey's manual of
systematic bacteriological classification (Holt, 1986 [18],
Chen et al., 2022 [ and Jadhav et al., 2023) 9],

Antibiotic Sensitivity Assay

The standard disc diffusion method was used to determine
the antibiotic sensitivity test against Ampicillin (10 mg),
Ciprofloxacin (10 mg), Colistin (300 mg), Cotrimoxazole
(25 mg), Gentamycin (10 mg), Nitrofurantoin (300 mg),
Streptomycin (10 mg), and Tetracycline (30 mg) using an
antibiotic Octadisc OD005 (HiMedia, India Ltd.). An active
culture of isolates was spread over the nutrient agar plates,
and an antibiotic octadisc was aseptically applied. The plate
was then incubated for 24 hours at 37°C. Zone of inhibition
was used to assess the isolates' susceptibility to antibiotics.
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Zone measurement scale (HiMedia, India Ltd.) was used to
determine the diameter of the entire zone of inhibition.
(CLSI, 2009 and Baisthakur et al. 2022) B,

Identification of the Isolates

The isolates shown most resistance against the antimicrobial
agents are selected for the identification using molecular
approach viz. 16S rRNA gene sequencing (Janda and
Abbott, 2007 2 and Johnson et al., 2019) 2!,

Bioinformatics

The sequences of 16S rRNA gene of FP04, FP07 and FP10
were subjected to BLAST on NCBI portal. The similar
sequences were compared to found most similar organism
on NCBI. Phylogeny of the isolate and most similar
organisms were constructed using most likehood option in
MEGA X program. By studying the phylogeny tree, isolates
were identified up to species level.

Observation and Results

Collection of Fish and Water Samples

A total 10 samples of Catla catla fishes were collected from
the water reservoir of vishnupuri Dam, Nanded (Figure 1).
Water samples were also collected from the same reservoir
by selecting different locations.

Fig 1: Collected Catla catla fish with skin septicemia.

Analysis of Water sample

Water quality parameters are presented in Table 1. Most of
the recorded parameters were within recommended limits
for this species (Nagar et al., 2019) 24 except ammonia and
nitrate level of water was slightly high than normal
recommended range.

Isolation of Bacterial pathogens

A total 12 purified isolates were recovered from Catla catla
fish samples obtained from the aquaculture. The results for
morphological and biochemical tests are summarized in
Table.2. Pure colonies obtained from infected organs of
Catla catla were identified as Pseudomonas species and
Aeromonas species after morphological and biochemical
tests as mentioned in the Bergey’s Manual of Systematic
Bacteriology (Holt, 1986) ['81,

Antibiotic Sensitivity Assay

Antibiotics sensitivity test showed that isolate FP04, FP07
and FP10 were shown very little sensitivity towards most of
antibiotics. FP04 shown complete resistant towards

Cotramoxazole and Tetracycline, FPO7 shown resistance
against Cotramoxazole while FP10 was fully resist to
Nitrofurantoin antibiotic. Remaining isolates were sensitive
towards the antibiotics. Complete determination of the
antibiotic sensitivity assay of the isolates obtained from the
Catla catla fish samples were shown in Tatble.3.

Identification of the Isolates

As per the data of 16S rRNA gene sequence of most
resistant strains FP04, FPO7 and FP10 were identifies as
Pseudomonas putida FP04, Pseudomonas aeruginosa FP07
and Aeromonas hydrophilia FP10 respectively as shown in
the phylogeny tree constructed using neightbor joining
method (Figure 2a, 2b and 2c).

Bioinformatics

The 16S rRNA gene sequence obtained from the sequencing
were submitted to the NCBI GeneBank and got Accession
No. as Pseudomonas putida FP04 (PP455756),
Pseudomonas aeruginosa FPO7 (PP455758) and Aeromonas
hydrophilia FP10 (PP455760).
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Fig 2a: Phylogeny of isolate FP04 shows most resemblance with Pseudomonas putida as per

neighbor joining method.
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Fig 2b: Phylogeny of isolate FPO7 shows most resemblance with Pseudomonas aeruginosa

as per neighbor joining method.
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per neighbor joining method.
Table 1: Water quality parameters of Vishnupuri dam, Nanded, Maharashtra.

Water Quality Parameteres
Parameters Measured Values Recommended values or range
Temperature (°C) 16.0£1.12 minimum limit = 14
Dissolved Oxygen (ppm) 4.8£1.02 5
Carbon Dioxide (ppm) 16+1.04 <20 ppm
pH 6.7+0.33 7.0 to 8.0
Total Alkalinity (ppm) 71+1.42 50 to 100 ppm
Total Hardness (ppm) 5542.16 50 to 100 ppm
Ammonia (ppm) 0.144+0.21 Less than 0.05 ppm
Nitrite (ppm) 0.23+0.13 Less than 0.5ppm

Table 2: Morphological and Biochemical Characteristics of bacterial isolates obtained from Catla catla.

Sr. Biochemical Isolate
No. | Characteristics | FP1 FP2 FP3 FP4 FP5 FP6 FP7 FP8 FP9 | FP10 | FP11 | FP12
1 | Colony Size (mm) 3 2 4 3 2 2 3 5 3 2 1 2
2 Colony Shape | Round | Round | Round | Round | Round | Round | Round | Oval | Round | Round | Round | Round
3 Colony Colour | White | Pale | White | Green | White | White | White | White | White | White | White | Pale
4 Colony Margine | Entire | Entire | Entire | Entire | Entire | Entire | Entire | Entire | Entire | Entire | Entire | Entire
5 | Colony Elevation |Convex| Flat |Convex|Convex| Flat |Convex|Convex| Flat Flat |Convex |Convex |Convex
6 Colony Opacity |Opaque | Opaque|Opaque | Opaque | Opaque | Opaque | Opaque | Opaque | Opaque | Opaque | Opaque | Opaque
7 Consistency Sticky | Btrs | Sticky | Sticky | Btrs Btrs Btrs | Sticky | Btrs Btrs Btrs | Sticky
8 Cell Motility - + + + + + + + + - + +
9 Gram’s Nature |+ Cocci| - Rods | - Rods | - Rods | - Rods | - Rods | - Rods | - Rods | - Rods |+ Cocci| - Rods | - Rods
10 Indole - - - + - - R - T
11 Methyl Red + - - - + - + R T
12 | Voges Proskeuer + - - - - - + - - + - +
13 | Citrate Utilization + + - - + + + + - + + +
14 Oxidase - + + + + + + + + - + +
15 Catalse + + + + + + + + + + + +
16 | Nitrase Reductase + + - - + + + + - + + +
17 Urease + + - + + - + _ + + _
18 Hemolysis B B p p B B B p p p p
Fermentation of:
a. Arabinose - - - - - - - - - R - R
b. Galactose + - + + - - - - + + B B
19 c. Glucose + - + + - + - + + +
d. Lactose + - - - - - - + - -
e. Sucrose + - - - - - + - _ + _ T
f. Mannitol + + + + + + + + + + + +
g. Xylose - - + + - - - - R - _
20 [Pigment Production| + + + + + + - + + + -
21 Coagulase + - - - - - - _ _ + _ N
22 | Starch Hydrolysis + - - - - - - - + R +
23 | Casein Hydrolysis + + - - + + - + - + T R
24 Cetrimide Test - + + + - + + - + _

*Btrs: Butyrous

Table 3: Antibiotic sensitivity of Isolated fish Pathogens: FP04, FP07 and FP10 different antibiotics.

Sr. No. |Antibiotics (ug/disc) FP1 | FP2 |FP3| Zone of Inhibition (in mm) FP4 FP5 FP6 FP7 FP8 FP9 FP10 FP11 FP12
1 Ampicillin 10 11 09 05 02 11 01 02 07 06 02 09 10
2 Colistine 10 08 10 10 03 10 04 01 09 12 01 11 13
3 Ciprofloxacin 10 10 12 13 05 12 04 03 12 14 07 12 09
4 Cotrimoxazole 25 07 11 08 00 09 02 00 11 08 02 09 10
5 Gentamycin 10 16 12 13 02 12 05 08 13 12 04 08 11
6 Nitrofurantoin 300 | 06 08 07 03 10 03 04 10 08 00 10 09
7 Streptomycin 10 14 15 11 01 13 06 05 11 12 05 11 12
8 Tetracycline 30 11 09 14 00 12 02 02 09 11 03 13 09
Discussion low temperature and oxygen levels (Camus et al., 1998,

Stressful environmental conditions, such as variations in
temperature, ammonia levels, pH, and oxygen levels, may
impair fish's capacity to mount a robust immune response.
Bacterial infections, such as those caused by Aderomonas and
Pseudomonas spp., frequently occur after severe periods of

Algammal et al., 2020 ! and Semwal et al., 2023) 2],
According to reports, pH, free CO2, and ammonia are more
crucial for fish survival than dissolved oxygen alone. pH
controls the majority of metabolic reactions. (Mathur ef al.,
2008). Nonetheless, free CO2 (16 ppm) throughout the
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current investigation was within the recommended range,
leading to a neutral pH (7.0). Total hardness (55 ppm) and
total alkalinity (71 ppm), which were lower values, showed
that the water body was moderately productive throughout
the sampling period. The current research found that the
water's temperature was 16 °C, which indicates a normal
range of temperatures. The minimum temperature at which
this species may survive luxuriously is 14 °C. In addition,
the levels of nitrite (0.23 ppm) and dissolved oxygen (4.8
ppm) were both within the usual range (Mirza and Bhatti,
1995); nevertheless, the ammonia concentration (0.14 ppm)
was greater than the advised level.

The two main fish infections, Aeromonas and Pseudomonas,
have previously been isolated from several sick fish organs
(Li and Cai, 2011 and Pessoa ef al., 2022) %], The isolates
from C. catla that caused hemorrhagic septicemia in the
current investigation were determined to be Pseudomonas
putida FPO04, Pseudomonas aeruginosa FP07, and
Aeromonas ahydrophila. We can presume that these
bacterial pathogens could be a significant factor in fish
disease in this area. Additionally, it is indicated that
bacterial isolates from various origins might be identified
using standard morphological, biochemical, and molecular
techniques (FranscoDurate, et al., 2019). Research on the
antibiotic profile of Pseudomonas sp. and Aeromonas sp.
showed that these three antibiotics were highly resistant to
Tetracycline, Nitrofurantoin, and Cotimoxazole, whereas
Ampicillin, Ciprofloxacin, Gentamycin, and Streptomycin
showed very low resistance. In previous study of Suresh et
al., had reported the drug resistant Pseudomonas aeruginosa
from fresh water fishes and discussed about the drug
resistance  against  oxytetracycline,  cotrimoxazole,
doxycycline, enrofloxacin, ciprofloxacin, cefotaxime,
ceftazidime and ampicillin. Beulah er al., 2021 [ also
reported the drug resistant bacterial pathogens isolated from
fresh water fish: Catla catla fingerlings.

Antibiotic resistant Micrococcus were isolated from
freshwater farm Catla catla which was susceptible to
antibiotics such as Amoxycillin, Azithromycin, Cefixime,
Ciprofloxacin, Chloramphenicol, Furadantin, Gentamicin,
Levofloxacin, Tetracycline and Vancomycin while the
sensitive to Amoxycillin and Azithromycin antibiotics
(Darak et al., 2021) 1'%, As in a previous study 2% strains
were found resistant to chloramphenicol and only one strain
was resistant to chloramphenicol out of sixty-nine strains
tested (Goni-Urriza et al., 2000 [4l; Akinbowale et al.,
2007) M. While a few strains of Aeromonas sp. were
sensitive to chloramphenicol (Guz and Kozinska, 2004 [1];
Suhet et al., 2011) B% One study in Japanese veterinary
hospital also revealed the drug resistance in Pseudomonas
aeruginosa obtained from animal source got resistance
against ciprofloxacin, cefotaxime, gentamicin, amikacin,
fosfomycin and ceftazidime antibiotics (Yukawa et al.,
2017) B2,

Three drug-resistant bacterial pathogens were isolated from
infected Catla catla in the current investigation.
Nonetheless, a number of Aeromonas species and other
bacterial pathogens were isolated from affected fish in
earlier, related investigations. The isolation of Pseudomonas
and Aeromonas in the current investigation may have
resulted from the introduction of these pathogens into the
nearby water bodies through the contaminating of water
with household waste. Aside from this rationale, human
pathogenic strains in the nearby water bodies may also

20
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originate from the government hospital in the Vishnupuri
neighborhood of Nanded city. As a result, effective
management of household and medical waste as well as the
avoidance of contaminated water discharge into nearby
drainage systems that eventually meet local water bodies
and reservoirs can aid in the reduction of issues related to
fish farming and the management of diseases in general
(Englande et al., 2015) "1, Such drug resistant pathogen
contaminated water may reach to agriculture sector and up
to food material (Baisthakur et al., 2022) Bl.

In conclusion, the fish afflicted with hemorrhagic
septicemia yielded P. putida FP04, P. acruginosa FP07, and
A. hydrophila FP10. Since the isolation temperature in this
study was 37 °C and the media employed may not have
been ideal for the development of other infections, it is
impossible to completely rule out the potential that other
pathogens may have been involved. The veterinary public
health should act quickly to stop the spread of P. putida
FP04, P. aeruginosa FPO7, and A. hydrophila FP10 to
consumers due to their zoonotic potential and medication
resistance. It is also advised to carry out a broad-spectrum
investigation on the same pattern in order to identify the
pocket of fish diseases brought on by the aforementioned
pathogens in other regions of the nation.
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