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ABSTRACT

The occurrence of extended-spectrum beta-lactamase (ESBL) producing bacteria is concerning
the scientific community since it confers multiple drug resistance (MDR). The study
investigated the prevalence of MDR-ESBL-producing Salmonella strains from shrimp in,
Bangladesh. A total of 165 shrimp samples were processed from 55 shrimp specimens from
different retail shops. The presence of Salmonella was confirmed by standard methods
followed by antibiotic susceptibility testing. Isolates exhibiting resistance to third-generation
cephalosporin were considered as Salmonella positive isolates which was later proven by the
double disc synergy test. Out of the total of 39 isolates tested, 18 were found to be Salmonella
positive and originated from 7 departmental stores. The remaining 21 positive isolates were
obtained from the local market. The body had the highest rate of positive samples (30.91%),
followed by the head (23.63%), and the tail (16.36%). Additionally, isolated Salmonella were
resistant to rifampicin and cefixime but 100% susceptible to co-trimoxazole, ofloxacin,
streptomycin, nalidixic acid, and chloramphenicol, while ciprofloxacin showed intermediate
resistance. Among the drugs tested, vancomycin, cephalexin, ampicillin, and colistin exhibited
extreme resistance. Finally, while 6 of the tested isolates demonstrated resistance against the
recommended cephalosporin, three of them (7.69%) were Salmonella ESBL positive in the
double disc synergy test. In conclusion, the rising incidence of MDR and the developing
prevalence of ESBL-positive Salmonella may put a burden on the healthcare system by limiting
access to effective antibacterial drugs.

INTRODUCTION

Drug resistance is currently one of the most pressing concerns, because of the
emergence of multidrug-resistant (MDR) bacteria, capable of producing extended-
spectrum beta-lactamase (ESBL). ESBL is an enzyme produced by a variety of Gram-
negative bacteria, most often Enterobacteriaceae that confers enhanced resistance to
numerous antibiotic classes [1]. These ESBL-producing organisms are worrisome since
they survive which is frequently applied to alleviate
acute salmonellosis  [2]. Among the 'new' (-lactamases emerging in
pathogenic Enterobacteriaceae, the molecular class ESBLs can hydrolyze third-generation
penicillin, cephalosporin, and aztreonam though inhibited by clavulanic acid,
cephamycins or carbapenems [3]. The presence of MDR ESBL-producing bacteria such
as Salmonella, in shrimp can pose a significant obstacle, leading to a decline in their
value and increased risk of disease transmission. As a consequence, with the restricted
use of antibiotics to treat bacterial illnesses, the transmission of drug-resistant strains to

against cephalosporin,
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humans will emerge as a serious threat to the effectiveness and affordability of
treatments for human infections [4].

In Bangladesh, shrimp is referred to as "white gold" because of its considerable
economic significance. However, it is essential to note that this shellfish may also serve
as a potential reservoir for foodborne pathogens, including Salmonella [5]. Salmonella, a
pathogenic bacterium belonging to the Enterobacteriaceae family, is naturally found in
the gastrointestinal tract of animals and causes a variety of foodborne illnesses [6]. This
pathogen is frequently prevalent in the gastrointestinal tracts of animals; therefore,
these diseases are typically linked to eating contaminated food, especially raw or
undercooked animal products. It may flourish in aquatic environments, and it has
already been found in aquaculture [7]. According to estimates, this bacterium is
responsible for 80,3 million incidents of foodborne illness, with the United States of
America (USA) reporting 1.2 million cases, 23,000 hospitalizations, and 450 deaths per
year [8]. Moreover, this industry has already been identified as the primary source of
foodborne disease transmission [9]. Fish and shrimp can become contaminated with
salmonella before, during, or after harvest as well as during post-harvest processing,
packing, storing, and distribution [7, 10]. People are most commonly infected when
handling and processing sick fish in the food sector under unsanitary conditions,
preparing dishes, or orally by consuming infected fish or associated items [11].
Particularly, undercooked, or raw fish consumption, is the most common cause of fish-
based food poisoning. Ingesting bacteria-infested fish is responsible for 12% of food-
borne illnesses [12]. The surveillance of Salmonella is proposed to keep fish and shellfish
safe in each step from primary production-processing to consumption [13]. In modern
aquaculture, particularly in shrimp production, the use of antibiotics in feed and water
is a prevalent approach to combat disease. Consequently, when bacteria are exposed to
antibiotics, they acquire resistance [14]. Moreover, it is popularly believed that the sub-
therapeutic doses with more extended exposure to antibiotics in farming practices have
accelerated the spread of superbugs [15].

The continuous emergence of new resistant bacteria has the potential to negatively
affect our capacity to deliver quality medical care. This is because infections with these
strains of bacteria can result in an increased frequency of treatment failure and disease
severity. Therefore, Bangladesh’s environment is heavily contaminated with microbes
that are resistant to treatment. There is not enough information on the ESBL
characteristics among Salmonella isolated from shrimp in the Sylhet region, Bangladesh.
So, the main goal of this study was to assess prevalence and detect pathogenic
Salmonella phenotypically in commercially available shrimp that are raised on farms
and sold in Sylhet city's neighborhood stores.

MATERIALS AND METHODS
Ethics statement

In the context of animal handling, this study was performed in full compliance with the
current regulations and legislation of Bangladesh (Cruelty to Animals Act 1920, Act No.
I of 1920, Government of the People's Republic of Bangladesh). The approval of this
study was granted by Ethics Committee of Sylhet Agricultural University, Bangladesh
and the ethical approval number is AUP2019017.
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Study area and study period

The shrimp (Penaeus monodon Fabricius) used in this study were collected from Sylhet
city, Bangladesh. All the shrimp samples were taken from 11 retail stores (both
departmental and local).

Collection and processing of sample

The sampling regime was carried out between December 2019 and March 2021. A total
of 55 shrimp were collected from 11 retail shops (5 samples per shop) in Sylhet city. The
samples were placed in sterile stomacher bags and sealed appropriately. All the
samples were conveyed to the laboratory after collection in black polyethylene bags
placed within ice packs [16]. Each individual shrimp was again dissected into 3 body
parts (head, body, and tail) and each part was considered as a separate entity for the
potential source of Salmonella contamination. Hereafter, 165 (55x3) samples were
aseptically processed for the present study. In the laboratory, shrimp was divided into
three body parts using sterilized scissors. A homogenous grinding of the separated
body parts of the shrimp was made using mortar and pestle. Each sample from
different body parts was blended aseptically in separate containers.

Isolation of Salmonella

A swab from each body part was collected into different test tubes to culture bacteria
on nutrient broth and incubated for 24 hours for primary growth at 37°C. Bacteria from
the primary broth culture were streaked on Salmonella-Shigella (SS) agar media, a day
of incubation at 37°C, black centered, smooth, small round colonies were appeared.
Continuous subculture on SS agar was carried out until a single, pure colony was found.
The Salmonella spp. suspected colonies were further cultured on MacConkey agar [17].

Biochemical characterization of Salmonella isolates

The biochemical techniques employed for the genus-level identification of presumptive
Salmonella colonies were performed by standard methods [18]. Biochemical tests
performed in distinct presumptive Salmonella colonies that were picked from the Petri
plates included gram staining, citrate utilization, urease test, indole production, methyl
red test, voges-Proskauer test, oxidase test, motility test, catalase test and sulfide test.

Antibiotic susceptibility test

Each of the Salmonella isolates used for phenotypic tests was tested for multidrug
resistance with the Kirby Bauer disc diffusion test as prescribed by the Clinical and
Laboratory Standards Institute [19]. The inhibitory zone diameter around each of the
Salmonella colonies was interpreted as sensitive, intermediate, or resistant based on
zone diameter interpretive standards stipulated by the Clinical and Laboratory
Standards Institute. Amikacin (30 mcg), ampicillin (25 mcg), cefalexin (30 mcg),
cefixime (5 mcg), cefotaxime (30 mcg), ceftazidime (30 mcg), ceftriaxone (30 mcg),
chloramphenicol (30 mcg), ciprofloxacin (5 mcg), colistin (10 mcg), co-trimoxazole (25
mcg), doxycycline (30 mcg), imipenem (10 mcg), nalidixic acid (30 mcg), nitrofurantoin
(30 mcg), ofloxacin (5 mcg), rifampicin (5 mcg), streptomycin (10 mcg), tetracycline (30
mcg), and vancomycin (30 mcg) were the antibiotic discs that were tested. An isolate
was considered as an MDR if it exhibited resistance to at least three groups of
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antibiotics, following the guidelines of the Clinical and Laboratory Standards Institute
(CLSI) (2021), and EUCAST (2021) [19, 20].

Phenotypic characterization of ESBL-producing Salmonella

ESBL phenotypes were initially detected by placing several antibiotics from the third-
generation cephalosporin, namely cefixime (5 mcg), cefotaxime (30 mcg), ceftazidime
(30 mcg), and ceftriaxone (30 mcg). One of the first-generation cephalosporin, cefalexin
(30mcg), was also used for detecting ESBL phenotypes. Therefore, Salmonella isolates
showing resistance or intermediate resistance to one or both of Cefotaxime/Ceftriaxone
and Ceftazidime are considered as potential ESBL producing isolates. The Phenotypic
characterization of ESBL-producing Salmonella isolates was determined by double disc
synergy test (DDST) (CLSI, 2021) [19].

Statistical analysis

The total Salmonella positive samples, relative frequency of each antibiotic, number of
MDR and ESBL positive isolates were calculated, and the prevalence was assessed.
One-way ANOVA: Single Factor, and t-Test (Microsoft Excel, 2016) were used to detect
variation in the prevalence of Salmonella positive samples among local and
departmental shrimp sources.

RESULTS
Initial screening of Salmonella isolates from shrimp

The unique morphology of Salmonella on nutrient agar such as circular in shape, low
convex elevation, smooth surface, grayish white in color, and translucent structure was
an inijtial indication for the presence of Salmonella (Table 1). Salmonella positive cases
were indicated by the growth of smooth, black-centered colonies on SS agar media
(Table 1, Figure 1). Salmonella was detected by the development of colorless colonies on
MacConkey Agar (Figure 1, Table 1).

Table 1. Morphological characteristics of Salmonella on different culture media.

Media Colony Characteristics Isolated Bacteria
Nutrient agar Glistening, white, opalescent colonies

SS agar Smooth, black centered colonies Salmonella spp.
MacConkey agar Colorless smooth colonies
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Figure 1. Identification of Salmonella observing colony morphology. A) Glistering and opalescent colonies,
grayish white in color on nutrient agar, B) Black centered colonies on SS agar, C) Colorless on MC agar, and D)
Gram negative properties of Salmonella under microscope.

Biochemical characteristics of Salmonella isolates

The biochemical tests were performed in distinct presumptive Salmonella colonies that
were picked from the Petri plates including gram staining, citrate utilization, urease test,
indole production, methyl red test, Voges-Proskauer test, oxidase test, motility test,
catalase test and sulfide test. All test results confirmed Salmonella genus (Table 2, Figure 2).

Table 2. Biochemical characterization of Salmonella isolates using several methods.

Name of the tests Observation Result Interpretation
Gram’s staining Pink in color, long rod shape -
MR test Red color appeared +
VP test No color change -
Citrate test Dark green to vibrant blue +
Urease test The agar slant, butt remain light orange - Salmonella spp.
Catalase test Bubbles were formed +
Oxidase test No color change -
Motility test growth flaring from the line of inoculation +
H-S test Blackening of the medium +
Indole test Appearance of yellow color on top -

*Positive results are denoted by (+) sign, while negative results are denoted by (-) sign.
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Figure 2. Identification of Salmonella based on biochemical test whereas; A) Methyl Red, B) Voges-Proskauer,
C) Citrate Utilization, D) Urease E) Catalase, F) Oxidase G) Motility, and H) Indole test.

Occurrence of Salmonella isolates in retail shops

Out of 165 tested samples, a total of 39 were found as Salmonella positive (prevalence
23.64%). Among them, out of the 105 samples examined from the 7 department stores, a
total of 18 samples tested positive for Salmonella and the overall frequency was 17.14%
in those departmental shops. A highest 5 Salmonella positive sample was isolated from
Swapno, Uposohor branch while the samples collected from the Agora Kumarpara
branch were free from Salmonella contamination. This is the only shop where there was
no Salmonella positive sample comprising both local and departmental shops. On the
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other hand, sample collected from all the local shops were contaminated with
Salmonella, where 21 out of 60 samples were found contaminated (35%). A maximum of
ten isolates were identified from Bondor Bazar samples with the highest frequency of
66.67%. This is densely contaminated market among all the retail shops tested. The
number of Salmonella positive isolates obtained from its corresponding source shop and
their prevalence is summarized in Table 3.

Table 3. Prevalence of Salmonella in different retail shop of Sylhet city.

Type of No. of Salmonella  Prevalence

Market Shop Name & Location S e %) P-value P-value
Swapno Uposohor 15 5 33.33
Swapno Subidbazar 15 4 26.67
Swapno Kumarpara 15 1 6.67
Swapno Shibgonj 15 3 20
Departmental Agora Kumarpara 15 0 0
Agora Subidbazar 15 4 26.67 <0.001 >0.05
Fiza Uposohor 15 1 6.67
Total 105 18 17.14
Bondor Bazar 15 10 66.67
Local Ambarkhana 15 6 40
Kazir Bazar 15 3 20
. <0.005
Kadamtoli 15 2 13.34
Total 60 21 35

*P value <0.001 indicates statistically highly significant, and a value <0.005 indicate statistically significant data, while a value >0.05 is
not statistically significant.

Prevalence of Salmonella in selected body parts of shrimp

Among the thirty-nine positive isolates, thirteen of them were identified from body
parts out of fifty-five samples while seventeen and nine isolates were obtained from
head and tail, respectively. Among the three body parts of shrimp, the highest
frequency of Salmonella was observed in the body (30.91%), followed by the head and
tail 23.63%, and 16.36%, respectively (Figure 3).
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Figure 3. Distribution of Salmonella in three body parts (head, body, and tail) among the 39 positive samples.
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Antibiotic susceptibility

It was found that all the Salmonella isolates were resistant against rifampicin, and
cefixime although the isolates were found 100% susceptible to co-trimoxazole, ofloxacin,
streptomycin, nalidixic acid, and chloramphenicol. All of them demonstrated an
intermediate range of resistance to ciprofloxacin. Antibiotics that showed intermediate
resistance were not considered as fully resistant in this study. Among other antibiotics,
the majority of the Salmonella isolates were susceptible to amikacin (89.74%),
nitrofurantoin (71.79%), imipenem (76.92%), doxycycline (66.67%), and cephalosporin
such as ceftazidime, ceftriaxone (94.88% each), cefotaxime (84.62%) whereas
vancomycin, cephalexin, ampicillin, and colistin were highly resistant as their
frequency was observed as, 92.31%, 89.74%, 76.92%, and 61.53%, respectively (Figure 4).

Figure 4. Some representative pictures (A, B, C, D, E and F) of the interpretation of the zone of inhibition for
antimicrobial susceptibility status using the disc diffusion method.
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Prevalence of multidrug resistant Salmonella isolates

Among the 39 isolates according to the resistance frequency recorded against each drug.
A total of 22 MDR Salmonella was identified the prevalence was determined as 56.41%.
The MDR isolates were resistant against a minimum of four and up to six groups of
antibiotics. The maximum number of MDR isolates (9) were prevalent in body parts of
shrimp while the highest relative frequency of MDR was in the tail (77.77%). One
isolate identified from the body part of a shrimp sample was resistant against 6 groups
of antibiotics (penicillins, rifampicin, cephalosporin, polymyxins, glycopeptide, and
tetracyclin) which was the highest among the MDR (Table 4, Figure 5).

Penicillins, rifampicin, cephalosporin, polymyxins, and glycopeptide were found as the
most frequently resistant drug groups, resistant detected against a maximum of nine
MBDR isolates (3 from each body parts) (Figure 6).
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Figure 5. Percentage of frequency of each antibiotic sensitivity tested against isolated Salmonella. (Antibiotics
that showed intermediate resistance were not considered as resistant).

Table 4. Prevalence of MDR Salmonella and their distribution among body parts.

Resistant Groups of Head Body Tail Total Prevalence
Antibiotics (n=13) (n=17) (n=9) (n=39) (%)

Pen, Rif, Cep, and Pol 0 1 1 2 5.12

Pen, Rif, Cep, and Gly 2 1 2 5 12.82

Pen, Rif, Cep, and Tet 0 3 0 3 7.69

Rif, Cep, Pol, and Gly 1 0 1 2 5.12

Pen, Rif, Cep, Pol, and Gly 3 3 3 9 23.07

Pen, Rif, Cep, Pol, Gly, and tet 0 1 0 1 2.56

Total 6 9 7 22 56.41
Prevalence 46.15 52.94 77.77 56.41 -

*Pen, Rif, Cep, Pol, Gly, and tet denotes Penicillins, Rifampicin, Cephalosporin, Polymyxins, Glycopeptide, and Tetracyclin, and n
belongs to sample number.
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Figure 6. Prevalence of MDR Salmonella spp. according to drug groups.

Phenotypic characterization of ESBL Salmonella

Only six of the tested isolates were considered to be ESBL producers as they
demonstrated resistance against the recommended 3t generation cephalosporin
(Cefotaxime/Ceftriaxone and Ceftazidime) (Table 5, Figure 7).

Table 5. Phenotypic screening of ESBL suspecting isolates based on DDT method.

Antibiotics (cephalosporin) n=39
Resistance Prevalence (%)

Cefixime 39 100
Cephalexin 35 89.74
Ceftazidime 2 5.12
Ceftriaxone 2 5.12
Cefotaxime 6 15.38
Ceftazidime/ Ceftriaxone + Cefotaxime 6 15.38

*n=total number of isolates tested. Isolates resistance to one or both of cefotaxime/ceftriaxone and ceftazidime were suspected as
potential ESBL producing isolates.

Figure 7. Some representative pictures (A, B, C, D, E and F) of initial ESBL screening of Salmonella by disc
diffusion test employing five cephalosporin (cefixime, cephalexin, cefotaxime, ceftriaxone, and ceftazidime).
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Interpreting the DDT method, 6 ESBL producing isolates were suspected. Among the
six, three of them fulfilled the criteria for detection of ESBL producing Salmonella on
DDST. These three isolates demonstrated a satisfactory level of expansion or distortion
in the indicator cephalosporin’s inhibition zone towards AMC disc, indicating a
synergy between the Augmentin disc and the indicator cephalosporin, hence
phenotypically confirming their ESBL positivity status. So finally, 3 ESBL positive
Salmonella was identified among the 39 isolates with a prevalence of 7.69% (Table 6).
Both distortion and enhancement in the indicator cephalosporin’s inhibition zone is
displayed in Figure 8.

Table 6. Prevalence of ESBL producing Salmonella.

Zone of Inhibition (Enhanced or Distorted) Head Body Tail ESBL Positive Prevalence (%)

Cefotaxime, Ceftazidime 0 1 0 1 2.56
Cefotaxime, Ceftazidime Ceftriaxone 1 1 0 2 5.12
Total (n=39) 1 2 0 3 7.69

*n=total number of isolates tested.

Figure 8. Double disc synergy test for phenotypic confirmation of ESBL producing Salmonella using the AMC.
a) Distortion in the indicator cephalosporin, and b) a clear enhancement in the zone of inhibition.

DISCUSSION

Antibiotic resistance has been identified as among the three greatest medical threats of
the twenty-first century [21]. Already the world has witnessed a rapid surge in
morbidity and mortality caused by MDR bacterial infections. The prevalence of ESBL
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producing multidrug resistant enteric pathogens like Salmonellain shrimp is an
emerging threat to public health.

However, there are lack of data regarding the prevalence of such MDR Salmonella in
retail shrimp of Bangladesh. Our study showed that the frequency (23.63%) of
Salmonella positive sample was moderate. Among the positive samples, in most of the
cases, the pathogen was found in the body region (30.91%) of the shrimp, followed by
head and tail portions with a frequency of 23.63% and 16.36% (Figure 3). The frequency
might be varied because the body region is larger compared to both head and tail,
hence there was a higher possibility of bacterial load while grinding the sample. The
frequency was almost double in local shops than that of departmental shops. Eighteen
samples were Salmonella positive from the 7 departmental shops with a frequency of
17.14% and 21 out of 60 samples were found contaminated in local shops at a frequency
of 35%. This finding is indicating the poor hygienic condition in the local market.
Earlier, Hossain et al. (2013) discovered that shrimp from Dhaka City, Bangladesh had a
greater incidence of Salmonella (65.71%) which was higher than our findings from the
Sylhet region [22]. When Pinu et al. (2007) studied with the microbiological state of
frozen shrimp, they discovered a 55% frequency of Salmonella which was also higher
than that of our findings [23]. The discrepancy in the frequency might be due to the
sources of the sample. All the shrimp sample of the study by Hossain et al., 2013 was
collected solely from 7 local markets of Dhaka city while in the present study sample
were collected from a mixture of local and departmental shops (7 from departmental
and 4 from local market) [22]. However, the data from previous studies suggested that
the relative frequency of Salmonella in shrimp can significantly vary from one region to
another. While the frequency was 14.58% in Nigeria, a comparatively increasing
number of Salmonella was detected in white shrimp (40%), in Bangkok, and Thailand
[24, 25].

While tested for the presence of antibiotic resistance, Hossain et al. (2012) found
MDR Salmonella in black tiger shrimp cultured in Bangladesh with a frequency of 66.67%
[26]. A study detected MDR in shrimp with a frequency of 64.3%
for Salmonella enteritidis (tolerant to three groups), while the frequency was 27.3%
for Salmonella typhimurium (7 different groups) [24]. Nguyen et al. (2016) found
MDR Salmonella in shrimp at a frequency of 37.5%, which were resistant against a
minimum of three to six groups of antibiotics [25]. Noor et al. (2014) reported an isolate
from shrimp in Bangladesh, resistant to sixteen drugs implying that the crustacean’s
can contribute as a vehicle for the dissemination of MDR strains [27]. Antibiogram
analysis of our study revealed that Salmonella isolated from shrimp are still susceptible
to several antibiotics as they were 100% sensitive to co-trimoxazole, ofloxacin,
streptomycin, nalidixic acid, and chloramphenicol. In contrast, among the twenty
antibiotics tested, all the isolates were resistant against cefixime and rifampicin. This
data might be relieving but it is deceptive. In reality, drug resistance is an ongoing
process and bacteria adopt resistance each time they are exposed to antimicrobial
agents. Our experiment also validated this hypothesis as it was found that 89.74%,
76.92%, and 61.53% of isolates were resistant against vancomycin, cephalexin,
ampicillin, and colistin, respectively. All the isolates showed intermediate resistance to
ciprofloxacin, the drug commonly used for the treatment of human Salmonella
infections. It is indicating that all these mentioned drugs are actually on their way to
being failed. Among the 39 isolates, 22 MDR Salmonella (56.41%) was detected all of
which were resistant against at least four groups of antibiotics. One isolate was resistant
against a maximum of six antibiotic groups while a maximum of nine isolates was
found resistant against five antibiotic groups. The emergence of MDR in shrimp might
be the consequence of the sub-therapeutic doses with more extended exposure of
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antibiotics in farming practices heeding towards the rapid spread of drug-resistant
strains.

In our study, three of the isolates acceptably fulfill the double-disc synergy test
requirement, hence considered as ESBL positive (Table 6, Figure 8). It was found the
prevalence of ESBL producing Salmonellain shrimp is 7.69%. Two of the ESBL
producing isolates were found to be resistant against all three-indicator cephalosporin,
cefotaxime, ceftazidime, and ceftriaxone, while one was found resistant against
cefotaxime, and ceftazidime. However, in the presence of the Augmentin disc, AMC a
distortion or enhancement in the zone of inhibition observed indicated that they are
susceptible to clavulanic acid, major criteria to distinguish ESBL positive pathogen. Le
et al. (2015) reported shrimp contamination with ESBL positive Escherichia coli (72.7%)
detected in Vietnam which is markedly higher compared to the present study
[28]. Besides, Rahman et al. (2020) characterize MDR E. coli isolated from chicken in
Sylhet, Bangladesh. They reported MDR isolates at a frequency of 9.23%, while broiler
chicken (12.8%) and layer chicken (7.61%) derived E. coli isolates carried genes that
produce SHV type ESBL [29]. There is close proximity among several fish, poultry and
beef markets in Sylhet city and there is a higher possibility of transmission of MDR
pathogen by exchanging of host through horizon gene transfer. This study highlights
the significant findings of current research, suggesting that ESBL producing pathogens
may be emerging in the study area due to the similarities observed. The evolution of
ESBL producing pathogens through this mechanism is plausible. The consequences of
this situation are substantially deleterious and pose a major threat to the next
generations. The emergence of drug resistance will soon pose a significant challenge to
the availability of the susceptible drugs for testing salmonellosis.

CONCLUSION

Microbiological safety is an essential factor to consider, and shrimp as an aquaculture-
derived product can act as a vehicle for the transmission of deadly pathogens. The
outcomes of this study clearly indicate the presence of the pathogen in a considerable
number of samples, and the strains isolated from those samples exhibit full or partial
resistance to several commonly used antibiotics. Salmonella is among the 4 leading
causes of diarrheal illness globally, and salmonellosis can be fatal as well. The
emergence of drug-resistant is another pressing issue, and Salmonella is such a pathogen
that has produced resistance already. The improved use of antibiotics may contribute to
the emergence of more MDR pathogens. Consequently, the rise of drug resistance may
pose a significant challenge to the availability of effective drugs for testing
salmonellosis in the near future. This is the high time to ensure the responsible and
legitimate use of antibiotics in the agriculture and aquaculture sectors to prevent the
emergence of drug resistance. As a result of the study, valuable recommendations for
the use of antibiotics in food animals were made. Based on these guidelines, the
selective use of antibiotics as therapeutics in food animals may lower the cost of
treatment, enable to prevent the development of ESBL-producing bacteria in food
animals, and help to ensure the safety of human food. Further studies might be needed
to apply the outcomes of the current study.
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