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Abstract

Non-typhoidal salmonellosis stands among the
major foodborne illnesses. Outbreaks from contami-
nated fishes have been witnessed worldwide. A
cross-sectional study was performed. A total of 368
samples (fish and associated environmental samples)
were collected to assess the presence of non-
typhoidal Salmonella in fishes and associated envi-
ronment of 22 retail fish meat shops. The overall
occurrence of the organisms was found to be 4.35%
(16/368) with highest in fish rinsing water (18.18%,
4/22) followed by knife swabs (11.11%, 3/27),
chopping board swabs (8.33%, 2/24), meat swabs
(6.52%, 3/46), floor swabs (4.54%, 1/22), gill and
intestine swabs (4.34%, 1/23), fish holding water
(2.43%, 1/41). S.Typhimurium (87.5%, 14/16) was
found as the prevalent serovar. Major virulence
genes harboured were sipA gene (87.5%) followed
by stn (75%), sopB (68.75%), sopE1 (56.25%) mgtC
(43.75%) and spvC and gipA (12.5%) genes each. The
isolates were highly resistant against Tetracycline
and Ampicillin (93.75%, 15/16) followed by Nalid-
ixic acid (50%), Ciprofloxacin (37.5%) Ofloxacin,
Cefotaxime and Sulfisoxazole (25%) each, Chloram-
phenicol (12.5%) and Streptomycin (6.25%). Ten
Salmonella (62.5%) isolates were multi drug resistant
(MDR). The most commonly occurring resistance
genes were gyrA (92.30%, 12/13), blaip,, (53.33%, 8/
15), aadA1 and strA (50%, 2/4), sull (30.76%, 4/13)
while tetA was not found in any of the isolates.
Resistance to critically important fluoroquinolones
and highly important Cephalosporin and Tetracy-
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cline antibiotics detected in Salmonella isolates is a
serious threat to public health.

Keywords: Non-typhoidal Salmonella, fish, multidrug
resistant, public health

Introduction

Fisheries, an important food production sector,
helps in providing the country with nutritional
stability along with the other agricultural produce
including varied animal diets. Besides the nutri-
tional aspect and the increasing demand for fish and
fish products forming a part of the human diet, the
risk of food illnesses through contaminated fish/fish
products seems highly significant, and among the
contaminants, bacteria remain the main cause of
foodborne illness constituting around 66% of the
problems (Abebe et al., 2020). Of all the bacterial
foodborne illnesses, non-typhoidal Salmonella stands
as the second leading cause of foodborne disease
worldwide (Wong & Chen, 2013). The disease,
salmonellosis results from the consumption of
contaminated food products (Zhao et al., 2008 and
Pires et al., 2014). The disease, salmonellosis it
accounts for 93.8 million cases worldwide per year,
resulting in 1,55,000 deaths, of which, 80.3 million
are foodborne cases (Majowiez et al., 2010) and 3.4
million cases are of invasive illness (Ao et al., 2015).

Fishes generally do not usually harbour Salmonella
(Heinitz et al., 2000) but if infected, acts as a passive
carrier of Salmonella without apparent symptoms
and serious disorder. Fish and shellfish may
accumulate Salmonella from polluted waters (Newaj-
Fyzul et al., 2008), contaminated soil (Setti, 2009 and
Hoffmann et al., 2016), supply chain and handling
process (Olsvik et al., 2013), storage and processing
(Panisello et al, 2000) and under environmental
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stress conditions such as high temperature (Zheng
et al., 2004).

The human consequences of exposure to non -
typhoidal Salmonella may differ from having no
effect, asymptomatic form, symptomatic with acute
gastroenteritis. Mild symptoms include diarrhea,
nausea, mild fever, abdominal cramping, headache
and dehydration. However, serious complications
such as septicemia can occur in people with a
weakened immune system and require treatment
(Coburn et al., 2007). Occasionally chronic condi-
tions in the form of appendicitis, meningitis and
arthritis can occur as a result of non-typhoidal
Salmonella infection (WHO/FAO, 2002 and FDA,
2012). Typhoidal serovars, on the other hand are few
in number (Typhi, Paratyphi and Sendai), totally
human restricted and cause invasive, systemic
disease in immunocompetent individuals with
comparatively longer incubation period (Gal-Mor
et al., 2014).

Moreover, massive and indiscriminate usage of
antibiotics in food animals including aquaculturehas
facilitated the selection and emergence of antimicro-
bial resistance (AMR) (Davies & Davies, 2010) in the
organisms. Considering AMR as a major global
crisis (Asin-Prieto et al., 2015; Holmes et al., 2016
and Boucher et al., 2017), World Health Organiza-
tion has identified the spread of multidrug-resistant
non-typhoidal Salmonella strains as a significant
human and animal health issue (WHO, 2018).

Thus, the present study investigates the occurrence
of non-typhoidal Salmonella in fishes sold at retail
shops along with their associated environment. The
antibiotic resistance profile to explore and under-
stand the present and future public health threat
was also undertaken.

Materials and Methods

A total of 368 fish (farmed fresh water fishes sold
at retail outlets) samples (gills (n=23), intestines
(n=23), fish meat swabs (n=46), rinsing water (n=22),
fish skin swabs (n=25), knife swabs (n=27), chopping
boards swabs (n=24), hand swabs (n=44), floor swabs
(n=22), fish holding water (water container in which
fishes were kept before being slaughtered) (n=41),
container swabs (n=47) and utensils swabs (n=24)
were collected from 22 retail fish meat shops
representing, Haldwani (n=10), Lalkuan (n=3),
Pantnagar (n=6) and Kiccha (n=6) areas of
Uttarakhand state, India during November 2019-
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March 2020. Briefly, sterile 100 ml sterile sample
containers (Abdos, India) were used for the collec-
tion of water/ rinse water samples (10 ml). The swab
samples were collected using sterile buffered
peptone water (BPW, BD Difco, USA) swabs (10 ml)
prepared in sterile polypropylene tubes (Hi-Media,
India). The samples were collected aseptically and
brought immediately to the laboratory under cold
chain for processing.

The isolation and identification of non-typhoidal
Salmonella was performed as described by Keelara
et al. (2013) using standard protocol. Briefly, the
samples were first pre-enriched in buffered peptone
water (BPW) (Difco, USA), i.e., one part of the
sample was added to 9 parts of BPW, mixed
thoroughly, and incubated at 37°C for 24 h.
Thereafter, 0.1 ml of the pre-enriched sample was
transferred to 9.9 ml of Rappaport Vassiliadis
enrichment broth (RV-10) (Difco, USA) and incu-
bated at 42°C for 24 h. A loop full of the enriched
sample from RV-10 was then plated onto Xylose
Lysine Tergitol-4 (XLT-4) agar (Hi-Media) and
incubated at 37°C for 24 h. A total of 3-4 individual
black coloured colonies were picked from each plate
and inoculated onto triple sugar iron (TSI) (Difco,
USA) and the urea slants (HiMedia, India) for
biochemical confirmation. All presumptive Salmo-
nella isolates tested positive on TSI and negative on
urea slants were subjected to DNA isolation (Pui et
al., 2011).

The DNA of the organisms was extracted by using
thermal lysis method (Reischl et al., 2000). A duplex
PCR was used for the confirmation of Salmonella
genus and Salmonella Typhimurium isolates targeting
ompC (204bp) and typh (401bp) genes, respectively
(Alvarez et al., 2004). Primers used for the genus
identification were ompC-F (5’-
ATCGCTGACTTATGCAATCG-3), ompC-R
(5"CGGGTTGCCTTATAGGTCTG-3") and for the
serovarTyphimurium, typh-F (5'-
TTGTTCACTTTTTACCCCTGAA-3') and typh-R (5'-
CCCTGACAGCCGTTAGATATT-3"). The PCRcycling
conditions were as mentioned by Alvarez etal. (2004).

Antimicrobial resistance (AMR) profile of all Salmo-
nella isolates was prepared by using standard Kirby-
Bauer disc diffusion method (Bauer et al., 1966). A
panel of nine antimicrobials comprising of Ampicil-
lin (AMP, 10ug), Streptomycin (S, 10ug), Nalidixic
Acid (NA, 30ug), Ciprofloxacin (CIP, 5ug),
Cefotaxime (CTX, 30ug), Tetracycline (TE, 30ug),
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Ofloxacin (OF, 5ug), Chloramphenicol (C, 30pg) and
Sulfisoxazole (SF, 300ug) representing seven differ-
ent antimicrobial classes was used. The results were
interpreted as per Clinical and Laboratory Standards
Institute for disk-diffusion assay (CLSL 2019), using
ATCC25922 Escherichia coli culture as a reference
strain. The isolates resistant to three or more classes
of antimicrobials were classified as Multidrug
Resistant (MDR) (Magiorakos et al., 2012).

The Salmonella isolates exhibiting resistance to a
class of antimicrobial were subjected to MIC
determination using E-strips (Himedia, India) as per
Cetinkaya et al. (2008). Clinical and Laboratory
Standard Institute standards recommendations were
used to interpret the MIC breakpoint (CLSI, 2019).

The phenotypic resistant isolate of the class were
screened for commonly prevalent genes for resis-
tance. The gene bla;,,(Randall et al., 2004) for Beta-
lactam group, for Streptomycin resistance, genes aad
A1l and strA (Madsen et al., 2000), for Sulfonamide
resistant isolates, gene sull (Randall et al., 2004)
while for Tetracycline resistant isolates gene coding
tet(A) (Ng et al., 1999) were targeted for the study.
Quinolones resistant isolates was screened for gyrA
gene (Chau et al., 2007). The primer sequences and
respective amplicon sizes are given in Table 2 and
the cycling conditions were as followed in respec-
tive references.

Results and Discussion

Of the total 368 samples screened, 16 isolates
belonged to genus Salmonella through PCR thus
revealing an overall presence of 4.35%. The occur-
rence is less than studies reporting a range between
5.8% (Suwanrangsi et al., 1998) to 31.74% (David et
al, 2009). Nambiar & Iyer (1991), Hatha &
Lakshmanaperumalsamy (1997), Sanath et al. (2003),
Kumar et al. (2008) and Yagoub (2009) observed
higher prevalence rate of 8.66%, 14.25%, 30%,
28.80% and 56% respectively from fish samples.
Prabhakar et al. (2020) reported an overall preva-
lence of 20.7% (17/82) in seafood with 19.3% (11/57)
in landing centres and 24% (6/25) in retail markets
in Mumbai, India. The comparably low prevalence
obtained in our study could be due to difference in
the locations coupled with prevailing hygienic
environmental as well as managemental conditions
practiced by respective retail shop owners. It was
observed that the shop owners washed their hands
in between and changed the holding water apart
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from keeping more than one container for holding
live fishes.

The highest presence of Salmonella was observed in
rinsing water (18.18%, 4/22) samples followed by
knife swabs (11.11%, 3/27), chopping board swabs
(8.33%, 2/24), meat swabs (6.52%, 3/46), floor swab
(4.54%, 1/22), gill swab and intestine swab (4.34%,
1/23) each and fish water (2.43%, 1/41). None of the
hand, fish skin, container, and utensil swab samples
tested positive for Salmonella. The high presence of
Salmonella observed in rinsing water (18.18%, 4/22)
samples draws attention to the fact that lack of
adequate provision of good quality rinsing water in
retail meat shops can act as a source of Salmonella
contamination (Faleke et al., 2017) (Fig. 1). It is seen
that the rinsing water may at times and places be
collected from a nearby available sources such as
contaminated water supplies or ponds/rivers. Also,
the water may get contaminated with fish faeces
which can further carry the contamination to
subsequent steps of processing (Faleke et al., 2017).
They reported an overall prevalence of 28.8%
Salmonella with 73.33% contamination in processing
water in Sokoto market in Nigeria.
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Fig. 1. Distribution of Salmonella spp. across different
samples

Contamination of water may take place due to
improper hygienic and sanitation conditions during
storage of processing water in contaminated vessels
or either from the source it is procured. Presence of
Salmonella in knife (11.11%, 3/27) and chopping
board swabs (8.33%, 2/24) indicates its repetitive use
without being properly washed or sanitized after
each slaughter process. Floor contamination indi-
cates unhygienic conditions indicating a potential
source for Salmonella contamination (Saini, 2019).
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Gills and intestine contamination was also reported
by Hatha & Lakshmanaperumalsamy (1997) in their
study (body surface 32%, gill, 26.7% and intestine
41.3%) conducted in Coimbatore, South India. A
study on environmental samples collected from an
abattoir in Ethiopia, Teklu & Negussie (2011)
reported an overall prevalence of 8.9% in animal
samples and 7.2% in the abattoir environment. The
authors reported Salmonella presence in 10 (5%) skin
swabs, 18 (8.9%) hand swabs, 15 (7.4%) knife swabs
and 2 (7%) water samples. However, in our study,
none of the hand swab and skin swab was found
positive for Salmonella. This may be due to washing
of hands in between and lesser soil contaminated
fishes arriving at the shop at the day/time of
sampling.

Of the sixteen Salmonella isolates, fourteen were
identified as Salmonella Typhimurium as they
exhibited 401 bp amplicon while two were identi-
fied as ‘others’ (non S. Typhimurium) on failure of
detection of typh gene. S. Typhimurium is among
the highly prevalent zoonotic serovar and thus was
targeted for the study. Other serotypes that may
predominate are Enteritidis, Stanley and Weltevreden
in Asia (Fernandes et al., 2018). A 10.4% prevalence
of Salmonella in fresh fish was found in Iran, where
five different serotypes were detected, namely S.
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Typhimurium, S. Enteritidis, S. Typhi, S. Paratyphi
B and S. Newport (Rahimi et al., 2013).

Out of sixteen Salmonella isolates, ten were found to
be multidrug-resistant (MDR). The highest resis-
tance was observed against Tetracycline and Ampi-
cillin (93.75%) followed by Nalidixic acid (50%),
Ciprofloxacin (37.5%), Ofloxacin, Cefotaxime and
Sulfisoxazole (25%) each, Chloramphenicol (12.5%)
and Streptomycin (6.25%). Of the 14 S. Typhimurium
isolates, maximum resistance was exhibited against
Tetracycline and Ampicillin (92.85%) followed by
Nalidixic acid (50%), Ciprofloxacin (28.57%),
Ofloxacin, Sulfisoxazole and Cefotaxime (21.42%)
each, Chloramphenicol (14.28%), Streptomycin
(7.14%) (Table 1).

In the year 2017, WHO specifically ranked
fluoroquinolone-resistant Salmonella as a high prior-
ity pathogen for the research and development of
new antibiotics (Tacconelli et al., 2018). Hence the
emergence of resistance for fluoroquinolones in
non-typhoidal Salmonella is of a global concern.
Other than quinolones, high resistance was also seen
towards Ampicillin (87.5%). The high-level antibi-
otic resistance of Salmonella in the present study may
be related to the uncontrolled use of these antimi-
crobials for animal therapy, prophylaxis, or as

Table 1. Detail of multidrug resistance pattern of non-typhoidal Salmonella isolates from retails fish markets of Uttarakhand

Sample Sample Serotype Resistant No. of Class of Location
No. type phenotype antimicrobials antimicrobials
1 Floor swab S.Typhimurium S, TE, OF, 5 3 Lalkuan
NA, CIP
2 Knife swab S.Typhimurium CTX, TE, C, 6 4 Lalkuan
AMP, NA, CIP
3 Knife swab Other CTX, TE, OF, 7 4 Haldwani
AMP, NA, CIP, SF
4 Chopping board S.Typhimurium CTX, TE, 4 3 Haldwani
swab AMP, NA
5 Rinsing water S.Typhimurium C, AMP, NA 3 3 Haldwani
6 Rinsing water S.Typhimurium TE, AMP, SF 3 3 Haldwani
7 Rinsing water Other TE, AMP, CIP 3 3 Pantnagar
8 Meat swab S.Typhimurium CTX, TE, OF, 7 4 Haldwani
AMP, NA, CIP, SF
9 Fish water S.Typhimurium TE, OF, AMP, 6 4 Kiccha
NA, CIP, SF
10 Gill swab S.Typhimurium TE, AMP, NA 3 3 Haldwani

© 2022 Society of Fisheries Technologists (India)
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growth promoters (Ibrahim et al., 2020). In the
marine environment antimicrobials are typically
used during the fatten phase delivered via feed
medication, bioencapsulation, immersion baths, dip,
flush, or in exceptional cases, intramuscularly or
intraperitoneally (Smith et al., 2008). The contribu-
tion of resistant microbes from various sources
seems to be the major base of resistance in the
environment (Ibrahim et al., 2020). This phenom-
enon can limit the therapeutic options for clinical
cases that require antimicrobial treatment.

Multi drug resistance has been reported by many
authors and is a cause of concern. Zhang et al. (2015)
reported 43.3% multidrug resistant Salmonella iso-
lates. In our study, Haldwani observed higher
number of MDR isolates as Haldwani, a big town
catering to the larger population daily may obtains
fishes from highly commercialized ponds where
antibiotic usage may be high. Capuano et al. (2013)
detected 85.71% multidrug resistance in S.
Typhimurium isolates. In the year 2011, about 5%
of Salmonella spp. tested by CDC was resistant to five
or more type of antimicrobial drugs (CDC, 2015).
Increasing resistance against newer antimicrobial
drugs (fluoroquinolones and broad spectrum cepha-
losporins), recommended to treat invasive salmonel-
losis might lead to treatment failure.

Salmonella isolates showed very high MIC values for
Nalidixic acid ie> 256 pg mLl MICs for
Ciprofloxacin resistance in Salmonella isolates ranged
from 0.25-8ug mL (Table 2).

Table 2. Distribution of MIC values of Salmonella isolates
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For Cefotaxime, MICs was 0.38ul/ml for two
S.Typhimurium isolates. One S.Typhimurium and
one ‘other’ Salmonella serovar were found Cefotaxime
resistant as per the CLSI breakpoint (>4 pig /ml) and
showed MIC value >16 ug /ml. An increase in MIC
is a serious threat because treatment failures have
been reported for isolates with MIC value for
Ciprofloxacin as low as 0.125 pg /ml (Sj6lund-
Karlsson et al., 2014). Detection of resistance toward
Ciprofloxacin and Cefotaxime indicates indiscrimi-
nate use of these antimicrobials (Saini, 2019).
Ciprofloxacin and Cefotaxime are classified as the
highest priority- critically important antimicrobial
by the WHO (2018).

Out of 15 Beta lactam resistant and intermediate
isolates, 8 isolates carried the bla g, , gene. Out of 4
Streptomycin resistant and intermediate isolates, 2
isolates (1 resistant and 1 intermediate) carried aad1
gene, and 2 intermediate resistant isolates harboured
strA gene. Tetracycline resistance was detected by
the presence of the fetA gene. None of the
Tetracycline resistance isolate harboured the tetA
gene. Two Sulfisoxazole resistant and 2 intermediate
resistant isolates carried the sull gene (317bp).
Resistance towards quinolones (Nalidixic acid,
Ciprofloxacin, and Ofloxacin) was detected by the
presence of gyrA genes. Out of 13 phenotypically
resistant to quinolones, 12 Salmonella isolates
harboured the gyrA gene (Table 3).

The gene blaTEM has been also reported by Djeffal
et al. (2017) and Trongjit et al. (2017) in Salmonella
isolates from humans and livestock. The beta-lactam

S. No. Sample Location Serovar NA CcIp CTX
pg mL'  ug mL!  ug mL!
1 Floor swab Lalkuan S.Typhimurium >256 4 NT*
2 Knife swab Lalkuan S. Typhimurium >256 6 >16
3 Fish water Kiccha S.Typhimurium >256 8 NT
4 Meat swab Haldwani S. Typhimurium >256 8 .38
5 Knife swab Haldwani Other >256 0.25 >16
6 Gill swab Haldwani S.Typhimurium >256 NT NT
7 Rinsing water Haldwani S.Typhimurium >256 NT NT
8 Chopping board Haldwani S.Typhimurium >256 NT .38
9 Rinsing water Pantnagar Other NT 4 NT

*Not tested
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Table 3. Distribution of antimicrobial resistant genes (ARGs) profile in Salmonella isolates
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S.No.  Sample type Serotype Resistance Pattern Resistance genes

1 Floor swab S.Typhimurium S, TE,OF,NA,CIP gyrA, aadAl, sull
Knife swab S.Typhimurium CTX, TE,C,AMPNA,CIP QyrA
Chopping S. Typhimurium CTX,TE,AMP,NA 8yrA, bla.,,
board swab
Intestine swab S.Typhimurium TE,AMP gyrA

5 Rinsing water S.Typhimurium C,AMPNA SyrA, blag,,
Meat swab S. Typhimurium CTX, TE,OF, AMP,NA,CIP,SF 8YrA, blag,,

sull, strA

Knife swab Other CTX, TE,OF, AMPNA,CIP,SF SyrA, blag,,
Knife swab S. Typhimurium TE, AMP blaypy,

9 Chopping S. Typhimurium TE, AMP blaypy,
board swab

10 Rinsing water Other TE,AMP,CIP SyrA, blaj,,

11 Rinsing water S. Typhimurium TE,AMP,SF qyrA, strA,

12 Fish water S. Typhimurium TE,OF AMPNA,CIP,SF gyrA, sull, aadAl

13 Gill swab S.Typhimurium TE,AMPNA QyrA

14 Rinsing water S.Typhimurium TE,AMP qyrA

15 Meat swab S. Typhimurium TE,AMP blaypy,

16 Meat swab S.Typhimurium TE, AMP sull

resistance in Enterobacteriaceae is usually attributed
to the production of enzymes such as extended
spectrum beta-lactamases (Ali et al., 2018). These
enzymes have been recognized in many species of
the Enterobacteriaceae family including different
serotypes of Salmonella enterica (Pokharel et al.,
2006). Acquisition of such resistance gene encoding
ESBLs, the attainment of resistance to beta-lactams
is becoming a serious health concern. The presence
of strA gene has been described from plants animals
and humans (Carattoli et al.,, 2002). This gene
conferring resistance to streptomycin along with
aadl in our isolates is of concern owing to the
horizontal transfer of the genes. The high prevalence
of aadAl gene among all Streptomycin resistant
Salmonella isolates was also reported by Chen et al.
(2004).

Randall et al. (2004) recognized the sull gene as the
most common gene associated with Sulfonamide
resistant S. Typhimurium. Ahmed et al. (2016)
reported a sull gene in 96.7% Sulfonamide resistant
S. Typhimurium in Egypt. Sharma et al. (2019) also
found predominant presence of the sull gene in

82.35% of screened Salmonella isolates from North
India. In contrast, Odoch et al. (2018) could not
detect sull gene among the Sulfonamide resistant
Salmonella isolates.

The absence of the tetA gene in the resistant isolates
of our study may be either due to the limitations
of the Kirby disc diffusion method or the presence
of genes other than fetA in those isolates (Kerrn et
al, 2002). A zone of inhibition in Kirby disc
diffusion method depends upon drug solubility, rate
of drug diffusion through agar, the thickness of the
agar medium, and the drug concentration impreg-
nated into the disc (Kerrn et al., 2002).

Twelve quinolone resistant and intermediately
resistant Salmonella isolates harboured the gyrAgene.
The chief mechanisms responsible for resistance
against fluoroquinolones include mutations in the
quinolones resistance determining region (QRDR) of
DNA gyrase and topoisomerase (Seminati et al,
2005) and the presence of plasmid-mediated
Quinolone resistance gene (PMQR) (Ferrari et al.,
2013). Fluoroquinolones are also the drug of choice

© 2022 Society of Fisheries Technologists (India) Fishery Technology 59 : 197-206



Antibiotic Resistant Non-Typhoidal Salmonella in Fish Retail

to treat invasive salmonellosis in adults. Further
investigation in assessing the mutation in a gene can
be carried out through sequencing to confirm their
role in exhibiting resistance to fluoroquinolones.

Fishes are generally looked for contamination of
chemical contaminants. However, the presence of
food pathogens cannot be overlooked. The overall
presence of 4.35% Salmonella in the fish and
environmental samples of fish retail shops warrants
public health threat. The study reflects that imple-
mentation of strict quality assurance in production,
handling and sale of fish is necessary. Initial
contamination in the food production chain can
hamper the safety of fish products.
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