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Channa marulius is a freshwater fish of riverine systems known for its economic
and ecological importance that has recently been introduced into the farming
system. Antibiotic resistance genes reduce the effectiveness of treatments in both
public health and aquaculture, leading to resistant pathogens, economic losses, and
significant threats to human health and environmental sustainability. The current
study aimed to identify antibiotic resistance (ABR) genes in five selected bacterial
species and their prevalence in C. marulius sampled from riverine system in
Pakistan. Samples were collected from different organs of 480 fish samples of C.
marulius. DNA was isolated and ABR genes were identified in the selected bacteria
through PCR amplification. Phylogenetic relationship among selected bacteria was
compared by phylogenetic tree of gyrB and 16S rRNA gene. Antimicrobial
susceptibility was tested against 14 antibiotic discs. A total of 135 (28%) including
29 (6.0%) E. tarda, 33 (6.9%) E. coli, 31 (6.4%) A. hydrophila, 23 (4.8%) F.
columnare, and 19 (3.9%) S. aureus isolates, were retrieved. Phylogenetic tree
analysis revealed 100% similarity between S. aureus and F. columnare while 90%
among A. hydrophila, E. coli, and E. tarda. Maximum 5.62% occurrence of sul3
gene was recorded in E. tarda, 6.46% of gnrA in F. columnare, 5.42% of blarem in
E. tarda, and 6.25% of tetA in E. coli. Finally, it was concluded that introduction of
wastewater from different industries into rivers causes emergence of ABR genes in
pathogenic bacteria which can increase risk of infection and transfer ABR genes to
other bacteria.

To Cite This Article: Mahmood S, Rasool F, Parveen S, Ayub A, Manzoor K, Matiullah, Latif MD, Hussain T,
Younas A, Rabbani G, Hidait N and Anjum KM, 2024. Prevalence, antimicrobial profiling and molecular
characterization of antimicrobial resistant genes of pathogenic bacteria detected in Channa marulius of the indus
riverine system in pakistan. Pak Vet J, 44(4): 1308-1314. http://dx.doi.org/10.29261/pakvetj/2024.244

INTRODUCTION

Rapid expansion of aquaculture sector worldwide is
an excellent source of high-quality food products,
economic benefit, job opportunities (Boyd et al., 2022),
life-sustaining animal proteins and nutrients. Fish and its
valuable products have played a major role to overcome
food insecurity caused by rapidly increasing human
population. Hence, fish protein has become a vital

component of a sustainable diet in the future (Froehlich et
al., 2018). Global average fish consumption is 20.5kg per
capita. Fish is a low-cost protein source, second only to
meat, providing 60% of the world's protein intake and
serving as a primary protein supplement in several
countries (FAO, 2020).

Channa marulius, also known as the giant snakehead, is a
freshwater fish that holds significant commercial value. It
is widely distributed across various aquatic habitats such

1308


http://dx.doi.org/10.29261/pakvetj/2024.244

1309

as canals, lakes, marshes, ponds, reservoirs, rivers,
swamps, and rice fields in countries such as Cambodia,
China, India, Pakistan, and Thailand (Rahman et al.,
2013). C. marulius is commonly known as ’Sole’ and it
belongs to the Channidae family (Nelson et al., 2016).
The high-quality meat yield, longer shelf life, and high
market demand make C. marulius a valuable species. It is
also well-suited for intensive rearing systems due to its
ability to adapt to confinement, fast growth rates, high
survival rate, and efficient feed conversion ratio (Nazir et
al., 2022). Three species of Channa, including C.
marulius, C. punctata, and C. striata, are naturally found
in Pakistan's riverine systems, but they are not
commercially farmed. C. marulius has been recently
introduced for farming purposes in Pakistan. This species
is particularly appealing due to its larger size, which can
reach up to 30 kg, and is considered an attractive
alternative to other snakehead species (Adamson and
Britz, 2018; Ruber et al., 2020).

Fish diseases caused by various pathogenic
microorganisms including bacteria, viruses, parasites, and
protozoa are a major challenge in aquaculture (Jassim et
al., 2019). Bacteria that are naturally resistant in both land
and water environment can easily transfer antibiotic
resistance (ABR) genes to harmful bacteria in fish due to
their close interaction (Cantas et al., 2013). So, fish spread
antibiotic resistant bacteria and their ABR genes,
promoting their propagation (Marti et al., 2014). Fish
farmers utilize a wide variety of antibiotics to tackle
mortality in fish that is caused by antibiotic-resistant
bacteria (Schar et al.,, 2020). In aquaculture, the
indiscriminate and excessive use of antibiotics contributes
to the emergence of AMR bacteria and their genes
(Cabello et al., 2016). Antibiotic-resistant bacteria pose a
growing and significant public health threat as they can
employ genetic mechanisms to develop resistance to
antibiotics (Sun et al., 2022). Studying ABR genes in fish
bacteria is essential for sustainable aquaculture, ensuring
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healthier fish populations, and preventing the spread of
antibiotic-resistant pathogens (Aslam et al., 2021; Ahmad
et al., 2023), which supports food safety and the global
"One Health" approach to combat antimicrobial resistance
(Cella et al., 2023).

The current study was conducted to detect ABR
genes in pathogenic bacteria isolated from C. marulius
and analyze antimicrobial susceptibility testing.
Phylogenetic tree analysis was performed to check
phylogenetic relationship amidst isolated bacteria.

MATERIALS AND METHODS

Fish sampling and ethical approval: A total of 480
Channa marulius samples were randomly collected from
April 2022 to December 2022 from Head Baloki, Head
Chashma, Head Taunsa, and Head Trimmu, located
within the riverine system of Punjab, Pakistan. The fish
samples were packed in ice-treated containers and
transported to the laboratory at the Department of
Zoology, University of Education Lahore (Faisalabad
Campus), Pakistan. All protocols were approved by the
Advanced Studies and Research Board (ASRB) of the
University of Veterinary and Animal Sciences (UVAS),
Lahore, Pakistan (reference number: DAS/358, 02-03-
2023). A GIS map of sampling sites is shown in Fig. 1.

Isolation, phenotypic, morphological, and biochemical
characterization of bacteria: Overall, 135 fish samples
were disinfected, and swabs were randomly collected
from suspected organs (skin, stomach, kidney, liver,
intestine, spleen, and gills). The swabs were inoculated
and streaked onto trypticase soy agar (TSA) media plates
(LAB, UK) and incubated at 37°C overnight. A pure
culture of bacterial isolates was obtained by inoculating a
few colonies from the freshly cultured media onto new
TSA media plates, which were then incubated at 37°C for
24 hours (Lima et al., 2008). Bacterial isolates were
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subjected to phenotypic, morphological, and biochemical
characterization, including Gram staining, motility,
catalase, oxidase, glucose, sucrose, lactose, indole
production, HzS production, and urease test (Xiao et al.,
2008).

DNA extraction: The DNA of bacterial isolates was
extracted using the GeneJET Genomic DNA Purification
Kit (Thermo Scientific, USA) and quantified on a 1%
agarose gel stained with ethidium bromide (EtBr) using a
standard molecular marker by gel electrophoresis. The
isolated DNA was stored at -20°C for further use.

Molecular identification of an ABR genes and
phylogenetic tree analysis of gyrB and 16S rRNA genes
of bacteria: 16S rRNA, gyrB, and antibiotic resistance
genes, including sul3, gnrA, blarem, and tetA, were
amplified by PCR (Table 1). The amplified PCR products
were guantified on a 1% agarose gel stained with ethidium
bromide (EtBr) and compared with a 1 KB DNA ladder
(molecular marker). PCR products of all amplified genes
were sequenced using Sanger's method at BGI Hong
Kong Company Limited, China (Wang et al., 2016). The
partial sequences were compared for taxonomic
characterization using NCBI BLAST and submitted to the
GenBank database. Phylogenetic tree analysis of the 16S
rRNA and gyrB genes of bacteria was constructed using
the bootstrap method in MEGA 11.0 (Shah et al., 2009).

Antimicrobial susceptibility testing of bacteria:
Antimicrobial sensitivity testing of bacteria was
conducted using the Kirby-Bauer disc diffusion method
on Mueller-Hinton (MH) agar plates with twelve
antibiotics. The MH agar plates were incubated for 24
hours at 28°C. Reference strains used as controls were
ATCC 25922 for E. coli, ATCC 25923 for S. aureus,
ATCC 49512 for F. columnare, ATCC 7966 for A.
hydrophila, and ATCC 15947 for E. tarda. Diameter of
the inhibition zone were measured and interpreted to
classify bacteria as resistant, moderately susceptible, and
susceptible (CLSI, 2020).
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independence with respect to fish sex, sampling site,
organs, and season. Descriptive statistics such as
proportions and frequency were employed in summarizing
the data.

RESULTS

Biochemical identification of bacteria: Biochemical
characterization identified E. tarda, E. coli, A. hydrophila,
and F. columnare as Gram-negative, and S. aureus as
Gram-positive. E. tarda and A. hydrophila tested positive
for HzS production, urease, and indole, with A. hydrophila
also positive for oxidase, sucrose, and lactose. S. aureus
was positive for sucrose, and E. coli for lactose and
indole. All isolates were positive for catalase and glucose.

Occurrence of antibiotic resistance genes of bacteria:
ABR genes of bacteria were amplified by PCR. Maximum
5.62% occurrence of sul3 gene was recorded in E. tarda,
6.46% of gnrA in F. columnare, 5.42% of blarem in E.
tarda, and 6.25% of tetA in E. coli. Occurrence of AMR
genes and accession numbers allotted by NCBI against all
identified genes are given in Table 3. Chi-square test of
independence showed insignificant difference (P>0.05) in
occurrence of antibiotic resistance (ABR) genes (Table 4).

Prevalence of bacteria: Maximum prevalence of 5.42%,
6.25%, 6.87%, 6.25%, 4.79%, 5.8%, and 5.21% was
recorded in skin, liver, intestine, stomach, gills, kidney,
and spleen of infected C. marulius respectively.
Maximum prevalence of 12.5%, 9.17%, 5%, and 4.17%
was recorded in fish samples collected from Baloki,
Trimmu, Taunsa, and Chashma respectively. Pathogenic
bacteria infected 16.46% female fish as compared to
13.75% male fish. Maximum seasonal prevalence of
15.21%, 9.79%, and 3.12% was recorded in summer,
autumn, and winter respectively (Table 2). A total of 135
(28.12%) isolates including 29 (6.0%) E. tarda, 33 (6.9%)
E. coli, 31 (6.4%) A. hydrophila, 23 (4.8%) F. columnare,
and 19 (3.9%) S. aureus isolates, were retrieved.

Antimicrobial susceptibility test: All bacterial isolates

Statistical analysis: The prevalence/occurrence of  showed resistance to amoxicillin, ampicillin, neomycin,
bacteria was compared using a chi-square test of  and norfloxacin, while sensitive to gentamicin,
Table I: Primers sequence and conditions for amplification of antibiotic reistance (ABR) genes, gyrB and /6S rRNA gene by PCR.
Target Gene Primer sequence (5-3) Target bp size  Cycles  Annealing References
16S rRNA F AGAGTTTGATCCTGGCTCAG 1503 30 52°C for Imin ~ Wimalasena et al. (2017)
R ACGGCTACCTTGTTACGACTT
tetA F GCTACATCC TGCTTGCCTTC 813 35 55°C for Imin
R CATAGATCGCCGTGAAGAGG
blarem F CATTTCCGTGTCGCCCTTATTC 873 35 55°C for 90 s
R CGTTCATCCATAGTTGCCTGAC
qnrA F ATTTCTCACGCCAGGATTTG 654 30 60°C for | min
R GATCGGCAAAGGTTAGGTCA
sul3 F AGATGTGATTGATTTGGGAGC 444 35 54.2°C for 30 s
R TAGTTGTTTCTGGATTAGAGCCT
gyrB (E. coli) F GAAGTCATCATGACCGTTCTGCA 1258 30 52°C for Imin Francis et al. (2022)
R AGCAGGGTACGGATGTGCGAGCC
gyrB (E. tarda) F GCGGAGATTTTGCTCTTCTT 414 35 55°C for Imin Manzoor et al. (2023b)
R GATCGGCAAAGGTTAGGTCA
gyrB (A. hydrophila) F GAGGACTACAGCAAGAAGGCCA 1124 35 55°Cfor90s  Wanget dl. (2016)
R GACTTGGCCTTCTTGCTGTAGTC
gyrB (F. columnare) F GAAGTCATCATGACCGTTCTGCA 411 30 60°C for | min  Elgendy et al. (2022)
R AGCAGGGTACGGATGTGCGAGCC
gyrB (S. aureus) F  GCGGAGATTTTGCTCTTCTT 990 35 54.2°C for 30 s Niakhalili et al. (2023)
R GATCGGCAAAGGTTAGGTCA
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Table 2: Prevalence of bacteria with respect to sampling sites, sex and, seasons and fish organs
Bacterium Sampling Sites Sex Seasons fish organs
Baloki Trimmu Taunsa Chashma Male Female summerAutumn Winter  Skin Liver  ntestinestomach Gills  Kidney Spleen
E. tarda 12 9 5 3 18 I 15 4 20 23 29 27 18 26 21
(IO/) (7.5%) (4.17%) (2.5%) (8/) (4. 3 I7) (5. 36/) (8. 337) (5%)  (4.17%) (4.79%) (6. 04/) (5.62%) (3.75%) (5.42%) (4.37%)
E coli 8 6 4 3 30 23 28 25

(|257) 667%) (5% (33% (444/) (902/) (642/) (|0/) (75%) (5:42% 30(6.25%) ¢, 87/) (6.25%) (479%) (58%) (521%)
5

A.hydrophila 13 11

(10.83%) (9.17%) (4. |7/) (1 67/) ©. 78/) 3. 537) (5. 7|7) (8. 337) (6.25%) (5%)
13 8 2 19

F.columnare 10 6 2 5 7 16
(8.33%)
S. aureus 8

(57) (1.67%) (4.17%) (3.11%) (6.27%) (4.64%) (6.67%) (2.5%) (3.94%)
6 [ 9 20 1l 7 |

25 3 29 23 27 22
(521%) (6.46%) (6.04%) (4.79%) (5.62%) (4.58%)
17 23 19 16 I8 17

(3.54%) (4.79%) (3.96%) (3.33%) (3.75%) (3.54%)
12 14 I5

(6.67%) (3. 33°/) (5%) (083%) (4%) (7.84%) (3.93%) (5.83%) (1.25%) (3.12%) '* @92%) 396%) (3.33%) (25%) (2.92%) (3.12%)

Table 3: Occurrence of antibiotic resistance (ABR) genes, gyrB, 16S rRNA gene and accession numbers of bacteria

Bacterium antibiotic resistance (ABR) genes, gyrB and |6S rRNA gene Accession numbers

gnrA blatem tetA sul3 gyrB |65 rRNA  gnrA blarem tetA sul3 gyrB 16S rRNA
E. tarda 29 (6.04%) 26 (5.42%)28(5.8%) 27 (5.62%)29 (6.04%) 29 (6.04%) OQ729988 OQ726104 OQ718930 ©OQ729972 OQ699126 OQ613271
E coli 26 (5.42%) 23 (4.79%)30 (6.25%)25 (5.21%)33 (6.87%) 33 (6.87%) OQ557497 OQ536310 OQ729941 OQ729976 OQ699118 OQ613278

A. hydrophila 27 (5.62%) 19
F. columnare 31 (6.46%) 16
S. aureus 24 (5%) 20

3.96%)29 (
3.33%)22 (4.58%) 24 (5%) 23 (4.79%

o~~~

23 (4.79%) 0OQ729996 OQ726096 OQ790130 OQ729984 OQ699122 OQ691648

)
)
6.04%)21 (4.37%)31 (6.46%) 31 (6.46%) OQ710327 OQ726100 OQ790132 OQ729968 OQ557501 OQ61328I
)
4.17%)26 (5.42%)26 (5.42%)29 (6.04%) 29 (6.04%) O©Q729992 0Q726092 OQ790131 OQ729980 OQ710323 OQ695458

Table 4: Results of statistical analysis; chi-square test of independence
showing X%value and P-value with respect to parameters.

Parameter Chi-squared value p-value
Organs 108.5 0.628™
Bacterial Species 883 0.158™
Sampling Sites 373 0.408™
Fish Sex 8.0 0.433"
Seasons 30.0 0.268"
Occurrence of ABR Genes 36.0 0.607™

ns = non-significant result.

chloramphenicol and tetracycline and intermediate
resistance against cefotaxime. A. hydrophila, E. tarda, E.
coli, and F. columnare showed resistance to
sulfamethoxazole. E. tarda, S. aureus, and F. columnare
showed intermediate resistance against ciprofloxacin. A.
hydrophila isolates showed intermediate resistance against
streptomycin.

Phylogenetic tree analysis: Phylogenetic trees were
constructed using MEGA 11.0, incorporating multiple
sequence alignment, model selection, and distance-based
methods (neighbor-joining method) analysis. Phylogenetic
tree of 16S rRNA gene of bacteria revealed 100%
similarity among F. columnare, A. hydrophila, and S.
aureus while 90% similarity among E. tarda and E. coli
strains. Phylogenetic tree analysis of gyrB gene of E.
tarda, E coli, and F. columnare revealed 100% similarity
with other strains isolated in previous studies, while
phylogenetic tree analysis of A. hydrophila and S. aureus
showed 97% and 98% similarity respectively with other
strains isolated in previous studies. Phylogenetic trees of
16S rRNA and gyrB gene are shown in Fig. 2 and 3.

DISCUSSION

Native to riverine systems, C. marulius faces a
persistent threat to its population due to the deterioration
of water quality caused by the discharge of wastewater
from pharmaceutical and chemical industries containing
multiple antibiotics and other chemicals (Batool et al.,
2021; Farid et al., 2021). The continuous exposure of
wastewater containing antibiotics leads to the emergence
of multiple antibiotic resistance genes in pathogenic

bacteria that target C. marulius (Hussain et al., 2019).
Industrial antibiotics and pollutants promote the gene
transfer and survival among resistant bacteria. This
accelerates the emergence and dissemination of ABR in
aquatic environments (Barathan et al., 2024; Wu-Wu et
al., 2024). Antimicrobial use (AMU) in food animals in
Pakistan, also significantly contributes to the spread of
antimicrobial resistance (AMR) in human health,
aquaculture, and other animal populations. This occurs
through the transfer of resistant bacteria and genes via
shared environments like water and soil. Addressing
AMU in food animals is vital for a comprehensive
approach to combating AMR across all sectors (Mohsin et
al., 2019; Umair et al., 2022).

In the current study, we recovered 33 (6.9%) isolates
of E. coli in fish sampled at all sites. A recent study
reported 61.1% prevalence of E. coli isolates in Cochin,
India (Francis et al., 2022). Another study reported 56.7%
prevalence of E. coli in fish farms in Thailand
(Thaotumpitak et al., 2022). Similarly, 50% isolates of E.
coli were reported in fish of riverine system in Northern
part of Bangladesh (Faridullah et al., 2022). Dewi et al.
(2022) reported 44.5% prevalence in fish farms on the
West Coast of Peninsular Malaysia. In another recent
study Akter et al. (2022) recovered 90% isolates of E. coli
from fish market of Dhaka city in Bangladesh that were
100% resistance to erythromycin while sensitive to
norfloxacin, ciprofloxacin, gentamycin, and
chloramphenicol. These differences in prevalence may be
due to variations in sampling methods, geographical
locations, population demographics, and changes in the
bacterial population over time.

F. columnare is one of the major fish pathogens that
spreads Columnaris which has caused infections of skin
and gills in 36 freshwater fish species. 17.5% prevalence
of F. columnare was reported in Egyptian fish while 14
and 15% in gills and skin respectively, 20 and 40% in
autumn and summer, respectively (EI-Tawab et al., 2020).
We recovered 4.8% isolates of F. columnare. Elgendy et
al. (2022) also reported 60% prevalence of F. columnare
while they recovered 44.5% and 55% isolates from gills
and skin of infected fish respectively in Egypt. Diyie et al.
(2022) also recovered 22% isolates of F. columnare in
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Ghana. A. hydrophila spreads Aeromoniasis and motile
Aeromonas septicemia (MAS) in fish that was resistant to
ampicillin, followed by oxytetracycline and tetracycline
(Thaotumpitak et al., 2023). El-Hossary et al. (2023) and
Thaotumpitak et al. (2022) recovered 4 (1.2%) isolates

and 15 isolates of A. hydrophila in Thailand. These
variations in results may be due to differences in
laboratory techniques, diagnostic criteria, patient inclusion
exclusion criteria, or the emergence of new strains and
antimicrobial resistance patterns.
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In the current study, we recovered 3.9% isolates of S.
aureus. Niakhalili et al. (2023) reported a 7.1%
prevalence of S. aureus in fish in Iran. Sivaraman et al.
(2021) recovered 173 S. aureus isolates from market fish
in Assam in India. Sivaraman et al. (2022) also recovered
15% S. aureus isolates in fish in India and these isolates
showed resistance gentamicin and ampicillin. In a
previous study in China, researchers recovered S. aureus
in 119 fish samples with a prevalence of 37.2% (Rong et
al., 2017). In the current study, we recovered 29 (6.04%)
isolates of E. tarda from sampled fish. Similarly, a recent
study recovered from 147 (27.2%) E. tarda isolates from
fish farms of Punjab in Pakistan that were sensitive to
ciprofloxacin, chloramphenicol, sulfamethoxazole,
gentamicin, streptomycin, and norfloxacin while resistant
to flumequine, neomycin, amoxicillin, and erythromycin
but intermediate resistance to cefotaxime, tetracycline,
doxycycline, and ampicillin (Manzoor et al., 2023b;
Mahmood et al., 2024). Similarly, in another recent study,
researchers reported a prevalence of 14% of E. tarda in
infected fish (Algammal et al., 2022). Whereas a recent
study in Nigeria, reported a very high prevalence of
62.5% of E. tarda at fish farms in Ibadan (Charles et al.,
2020). Reasons behind these variations may be study
population,  sampling  techniques,  environmental
conditions, genetic mutations, and changes in
antimicrobial usage patterns over time.

Horizontal gene transfer rapidly spreads ABR genes
through mechanisms like transduction, transformation,
and conjugation (Ahmad et al., 2023), increasing infection
rates, resistance, and environmental impact, requiring
strict antibiotic stewardship and infection control (Aslam
et al., 2021). The spread of ABR genes in aquaculture can
be mitigated by enhancing wastewater treatment with
advanced filtration and biological methods, enforcing
stringent antibiotic stewardship, implementing biosecurity
measures, reducing stocking densities, rotating antibiotics,
and promoting the use of probiotics, vaccines, and natural
antimicrobials (Noman et al., 2021; Huang et al., 2021;
Barathan et al., 2024). Moreover, farmers must be
educated on responsible practices and regularly monitor
antibiotic use (Caudell et al., 2020; Manzoor et al.,
2023b).

Conclusions: Multiple industries (especially those which
manufacture antibiotics and other drugs), introduce
wastewater into rivers which causes emergence of
antibiotic resistance (ABR) genes in pathogenic bacteria,
that can increase risk of infection and transfer ABR genes
to other non-pathogenic bacteria. There was no significant
difference in prevalence of bacteria with respect to organs,
sampling sites, fish sex, season and occurrence of ABR
genes.

Declaration of competing interest: The authors declare
that they have no known financial interests or personal
relationship that could have appeared to influence the
work reported in this paper.

Authors contribution: SM and FR conceived and
designed the study. SM, SP executed the experiment and
finalized the data. MU, TH, DL, AY, NH, GR and KM
helped in sampling. KM assisted in experimentation. SM

Pak Vet J, 2024, 44(4): 1308-1314.

wrote the manuscript. SM and FR contributed equally to
this work. All authors read and approved the final
manuscript.

REFERENCES

Adamson EA and Britz R., 2018. The snakehead fish Channa aurolineata
is a valid species (Teleostei: Channidae) distinct from Channa
marulius. Zootaxa 4514:542-552.

Ahmad N, Joji RM, Shahid M., 2023. Evolution and implementation of
One Health to control the dissemination of antibiotic-resistant
bacteria and resistance genes: A review. Front Cell Infect
Microbiol 12:1065796.

Akter M, Abedin M, Mosharaf MP, et al, 2022. Prevalence and
distribution of antimicrobial resistance profile of Escherichia coli
isolated from various local fish markets in Dhaka city, Bangladesh.
J Bangladesh Acad Sci 46(1):9-18.

Algammal AM, Mabrok M, Ezzat M, et al, 2022. Prevalence,
antimicrobial resistance (AMR) pattern, virulence determinant and
AMR genes of emerging multi-drug resistant Edwardsiella tarda in
Nile tilapia and African catfish. Aquac 548:737643.

Aslam B, Khurshid M, Arshad M, et al., 2021. Antibiotic resistance: one
health one world outlook. Front Cell Infect Microbiol 11:771510.

Barathan M, Ng SL, Lokanathan Y, et al, 2024. Unseen weapons:
bacterial extracellular vesicles and the spread of antibiotic
resistance in aquatic environments. Int ] Mol Sci 25:3080.

Batool M, Abdullah S, Naz H, et al, 202I1. Evaluation of growth
performance and bioaccumulation pattern of metals in catfish
species, Channa marulius and Wallago attu under cadmium and
chromium toxicity. Punjab Univ | Zool 36(2):125-30.

Boyd CE, McNevin AA and Davis RP, 2022. The contribution of
fisheries and aquaculture to the global protein supply. Food
Security 14(3):805-27.

Cabello FC, Godfrey HP, Buschmann AH, et al,, 2016. Aquaculture as yet
another environmental gateway to the development and globalisation
of antimicrobial resistance. Lancet Infect Dis 16:e127-e133.

Cantas L, Shah SQ, Cavaco LM, et al., 2013. A brief multi-disciplinary
review on antimicrobial resistance in medicine and its linkage to
the global environmental microbiota. Front Microbiol 4:96.

Caudell MA, Dorado-Garcia A, Eckford S, et al, 2020. Towards a
bottom-up understanding of antimicrobial use and resistance on
the farm: A knowledge, attitudes, and practices survey across
livestock systems in five African Countries. PloS ONE
15:0220274.

Cella E, Giovanetti M, Benedetti F, et al., 2023. Joining forces against
antibiotic resistance: The one health solution. Pathogens 12:1074.

Charles OS, Olabisi 10, Olufemi Ol, et al, 2020. Detection and
antibiogram of Edwardsiella tarda from Oreochromis niloticus
(Tilapia fish) obtained from selected farms in lbadan, Nigeria. ]
Food Safe Hyg 6(1):38-46.

CLSI, 2020. CLSI M100-ED30: Performance standards for antimicrobial
susceptibility testing 30th Edition.

Dewi RR, Hassan L, Daud HM, et al., 2022. Prevalence and antimicrobial
resistance of Escherichia coli, Salmonella and Vibrio derived from
farm-raised red hybrid tilapia (Oreochromis spp.) and Asian sea
bass (Lates calcarifer, Bloch 1970) on the West Coast of
Peninsular Malaysia. Antibiotics 11(2):136.

Diyie RL, Aheto DW, Osei-Atweneboana MY, et al., 2022. Prevalence
of bacterial infections and the use of multiplex PCR assay for rapid
detection of pathogens in cultured fish in Ghana. Arch Microbiol
204(7):394.

Elgendy MY, Abdelsalam M, Mohamed SA, et al, 2022. Molecular
characterization, virulence profiling, antibiotic susceptibility, and
scanning electron microscopy of Flavobacterium columnare
isolates retrieved from Nile tilapia (Oreochromis niloticus). Aquac
Int 30(2):845-62.

El-Hossary D, Mahdy A, Elariny EY, et al., 2023. Antibiotic resistance,
virulence gene detection, and biofilm formation in Aeromonas spp.
isolated from fish and humans in Egypt. Biol 12(3):421.

El-Tawab A, El-Hofy F, EL-Gamal R, et al, 2020. Phenotypic and
genotypic characterization of antibiotic resistant strains of
Flavobacterium columnare isolated from Oreochromis niloticus
(Nile tilapia). Benha Vet Med | 38(2):141-145.

FAO, 2020. Sustainability in action. The state of world fisheries and
aquaculture series. Food and Agriculture Organization of the
United Nations.



1314

Farid M, Khan N, Fatima M, et al., 2021. Performance evaluation of the
commercial aquafeeds available in the market of Pakistan on
Channa marulius (Sole). Braz | Biol 84.

Faridullah M, Rani B, Islam MR, et al,, 2022. Salmonella and Escherichia
coli contamination in wild catfish and rivers at northern part of
Bangladesh. Asian ] Med Biol Res 8(1):9-15.

Francis B, Antony AC, Sukumaran DP, et al, 2022. Prevalence,
antimicrobial resistance, and molecular characterization of
Escherichia coli isolated from food contact surfaces in seafood pre
-processing plants (India). ] Food Qual Hazards Control 9:3-13.

Froehlich HE, Runge CA, Gentry RR, et al, 2018. Comparative
terrestrial feed and land use of an aquaculture dominant world.
Proc Natl Acad Sci USA |15:5295-5300.

Huang A, Yan M, Lin J, et al., 2021. A review of processes for removing
antibiotics from breeding wastewater. Int | Environ Res Public
Health. 18:4909.

Hussain U, Abbas K, Ahmed T, et al., 2019. Microsatellite DNA
polymorphism of Channa marulius inhabiting River Jhelum. Genet
Aquat Org 3(2):37-45.

Jassim AAR, Abdulhameed DB and Al Shammari NR, 2019. Bacterial fish
diseases in some semi-close aquaculture systems in Basrah
Province, Iraq. Basrah | Agric Sci 32:75-84.

Lima L, Fernandes A, Costa A, et al, 2008. Isolation and
characterization of Edwardsiella tarda from pacu Myleus micans.
Arq Bras Med Vet Zootec 60:275-277.

Manzoor K, Rasool F, Khan N, et al., 2023a. Resistance patterns of
frequently applied antimicrobials and occurrence of antibiotic
resistance genes in Edwardsiella tarda detected in edwardsiellosis-
infected tilapia species of fish farms of Punjab in Pakistan. ]
Microbiol Biotech 33(5):1-10.

Manzoor K, Rasool F, Khan N, et al., 2023b. Prevalence and molecular
detection of Edwardsiella tarda in cultured tilapia species of fish
farms of Punjab in Pakistan and their postmortem examination.
Pak Vet ] 43:309-314.

Mahmood S, Rasool F, Hafeez-Ur-Rehman M, et al., 2024. Molecular
characterization of Aeromonas hydrophila detected in Channa
marulius and Sperata sarwari sampled from rivers of Punjab in
Pakistan. PLoS One 19(3):€0297979.

Mohsin M, Van Boeckel TP, Saleemi MK, et al., 2019. Excessive use of
medically important antimicrobials in food animals in Pakistan: a
five-year surveillance survey. Global Health Action 12:1697541.

Marti E, Variatza E and Balcazar JL, 2014. The role of aquatic
ecosystems as reservoirs of antibiotic resistance. Trends Microbiol
22:36-41.

Nazir S, Khan N, Azmat H, et al., 2022. Effect of vitamin C (L-ascorbic
acid) feed supplementation on the proximate composition, amino
acids, and fatty acids profile of bullseye snakehead Channa
marulius. Pak | Agric Sci 59.

Nelson JS, Grande TC and Wilson MV, 2016. Fishes of the World, pp.
Ed. John Wiley & Sons.

Niakhalili N, Ahari H and Nowruzi B, 2023. Registration and
identification of toxic S. aureus genes isolated from tilapia fish
using multiplex PCR technique. ] Food Sci Technol Nut 20(2).

Noman E, Al-Gheethi A, Mohamed RM, et al., 202Il. Quantitative
microbiological risk assessment of complex microbial community

Pak Vet J, 2024, 44(4): 1308-1314.

in Prawn farm wastewater and applicability of nanoparticles and
probiotics for eliminating of antibiotic-resistant bacteria. |
Hazardous Materials 419:126418.

Rahman M, Arshad A, Amin S, et al,, 2013. Growth and survival of
fingerlings of a threatened snakehead, Channa striatus (Bloch) in
earthen nursery ponds. Asian ] Anim Vet Adv 8:216-226.

Rong D, Wu Q, Xu M, et al, 2017. Prevalence, virulence genes,
antimicrobial susceptibility, and genetic diversity of Staphylococcus
aureus from retail aquatic products in China. Front Microbiol
8:714.

Ruber L, Tan HH and Britz R, 2020. Snakehead (Teleostei: Channidae)
diversity and the Eastern Himalaya biodiversity hotspot. | Zool
Syst Evol Res 58:356-386.

Schar D, Klein EY, Laxminarayan R, et al, 2020. Global trends in
antimicrobial use in aquaculture. Sci Rep 10:21878.

Shah D, Shiringi S, Besser T, et al., 2009. Molecular detection of food
borne pathogens, Boca Raton: CRC Press, In Liu. (Edition), pp.
369-389. Taylor and Francis group, Florida, USA.

Sivaraman GK, Gupta SS, Visnuvinayagam S, et al., 2022. Prevalence of S.
aureus and/or MRSA from seafood products from Indian seafood
products. BMC Microbiol 22(1):233.

Sivaraman GK, Muneeb KH, Sudha S, et al., 2021. Prevalence of virulent
and  biofilm  forming  ST88-IV-t2526  methicillin-resistant
Staphylococcus aureus clones circulating in local retail fish markets
in Assam, India. Food Control 127:108098.

Sun G, Zhang Q, Dong Z, et dl., 2022. Antibiotic resistant bacteria: A
bibliometric review of literature. Front Public Health 10.

Thaotumpitak V, Sripradite ], Atwill ER, et al., 2022. Bacterial pathogens
and factors associated with Salmonella contamination in hybrid red
tilapia (Oreochromis spp.) cultivated in a cage culture system.
Food Qual Saf 6.

Thaotumpitak V, Sripradite ], Atwill ER, et al, 2023. Emergence of
colistin resistance and characterization of antimicrobial resistance
and virulence factors of Aeromonas hydrophila, Salmonella spp.,
and Vibrio cholerae isolated from hybrid red tilapia cage culture.
Peer) 2023:11.

Umair M, Orubu S, Zaman MH, et al., 2022. Veterinary consumption of
highest priority critically important antimicrobials and various
growth promoters based on import data in Pakistan. PLoS ONE
17:0273821.

Wang E, Chen X, Wang K, et al., 2016. Plant polysaccharides used as
immunostimulants enhance innate immune response and disease
resistance against Aeromonas hydrophila infection in fish. Fish
Shellfish Immunol 59:196-202.

Wimalasena SH, De Silva BC, et al, 2017. Prevalence and
characterisation of quinolone resistance genes in Aeromonas spp.
isolated from pet turtles in South Korea. ] Glob Antimicrob Resist
11:34-8.

Wu-Wu JW, Guadamuz-Mayorga C, Oviedo-Cerdas D, et al., 2023.
Antibiotic resistance and food safety: perspectives on new
technologies and molecules for microbial control in the food
industry. Antibiotics 12:550.

Xiao J, Wang Q, Liu Q, et dl,, 2008. Isolation and identification of fish
pathogen Edwardsiella tarda from mariculture in China. Aquac Res
40:13-17.



