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1. INTRODUCTION

Antibiotics are biological and semi-synthetic agents that can Kill
(bactericidal effect) or stop bacteria's growth (bacteriostatic effect). Their life-
saving properties have been lauded since the initial clinical use of penicillin in the
1940s. As a result, human and animal life expectancies were low throughout the
globe. After the discovery of antibiotics in the 1940s, veterinary medicine was able
to treat formerly life-threatening bacterial illnesses for the first time and rendered
protection from bacterial infections through antibiotic prophylaxis and antisepsis.
Antibiotic resistance occurs when bacteria can multiply in the presence of
therapeutic antibiotic dosages. Bacteria develop antibiotic resistance in various
ways, including their inherent capacity to divide into millions of cells in a matter of
minutes, which could result in daughter cells with genomes that differ from the

parent cells.

Antibiotic resistance among bacteria is increasingly rendering all antibiotic
classes ineffective (Martinez, 2012). Consequently, hitherto treatable infections are
proving difficult to manage, as there are minimal/no antibiotics available to treat
extremely drug-resistant (XDR) bacteria. Increased health care costs for animals
from resorting to more expensive and more toxic alternatives, prolonged
hospitalization in treating even superficial infections, and higher morbidities and
mortalities are some of the consequences of antibiotic resistance. There have been
reports of resistance to all antibiotics currently in clinical use, and bacteria develop
resistance faster than the design, development, and clinical trial of new ones (Van
den Bogaard and Stobberingh 2000; Nordmann, 2014; Tiseo et al., 2020).
Antibiotic resistance has thus become one of the most critical global public health
threats of this century. Without a concerted global effort, the world risks returning
to the pre-antibiotic era, where simple infections will be fatal, and routine surgeries
will not be safe, as there will be no prophylactic antibiotics to prevent surgical sites

nosocomial infections.

Antibiotics are widely employed in agriculture, notably in the production of
food animals, where they are utilized not only to treat infections but also as
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prophylactics to prevent and limit disease spread and sometimes as growth
promoters, where they are given at low doses over an extended period. The
microorganisms that acquired resistance determinants develop enhanced fitness and
competitive advantage over other microbes benefit from the ongoing selective
pressure within the food animal production ecosystem. Several investigations have
confirmed resistant infections from these modern animals farming facilities,
including Salmonella spp. and E. coli. Many of these pathogens have also been
isolated from people close to these facilities (Dohmen et al., 2015; Pawade et al.,
2019).

Antimicrobial usage in farm animals raises the question of whether and to
what extent it poses a risk to human health. Surprisingly, little research has been
published that specifically addresses this issue. We know from several reports of
widespread resistance in farm animals and, more lately, the first reports of
carbapenem that the direction of resistance movement (if any) between human and
livestock populations is unknown. Carbapenems, for example, are not administered
to animals; therefore, resistance came from somewhere else, most likely humans.
ESBL-producing E. coli and Salmonella spp. isolates from humans and animals
have been the subject of a lot of investigation (Murray et al., 2022). However, in

terms of animal studies in India, there are only a few findings available.

According to the 20™ livestock census, (2019) India had a pig population of 9.06
million, of which Kerala contributed 1.5 per cent. Compared to the previous year,
India showed a decline of 12.03 per cent in pig production. Food-producing
animals, notably pigs, are known to be critical reservoirs of antibiotic-resistant
Enterobacteriaceae and potential transmission sources to humans (Fournier et al.,
2021). In pig farming, antibiotics are used as growth promoters, prophylactic,
metaphylactic, and therapeutic purposes. Such antimicrobial agents elicit ‘selection
pressure’ on pathogenic bacteria contributing to the development of anti-microbial
resistance that can be critically important in human medicine. Various literature
showcases the prevalence or occurrence of ESBL and carbapenem resistant

Enterobacteriaceae in swine industry (Mandakini et al., 2015; Pruthvishree et al.,
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2017). Considering the poor hygiene status of some of the pig farms in developing
countries, the presence of house flies is very high. Moreover, there are many
documented reports of antimicrobial genes in house flies (Cervelin et al., 2018;
Akter et al., 2020).

Insects are one of the most varied taxa in the animal kingdom, with over a
million species documented, accounting for more than half of all known living
organisms. Given its vast diversity of species and its close interaction with humans,
it is surprising that only relatively limited information is available regarding the
impact of insects and the implications of insect-associated bacteria on human health
(Asril et al., 2022). Around 90 per cent of insects in the human habitat are
houseflies. As per the CDC, house flies are considered cleanliness indicators in
public places (CDC, 2014). Flies from garbage and sewage from farms pick up
pathogenic organisms (includes MDR organisms) and transfer them to human and
animal food via their mouthparts, vomitus, faeces, and contaminated body parts.
The movement of flies from animal or human faeces to food that will be eaten
uncooked by humans is of particular concern (Olagunju, 2022). In addition, some
diseases can be harboured in the mouthparts or alimentary canal of flies for several
days after being fed and then spread when the flies defecate or regurgitate (Park et
al., 2019). The role of houseflies in disseminating various diseases like malaria and
cholera is already documented (Olagunju, 2022). Due to their presence in all places,
house flies can be considered “one health” indicator of AMR transmission in
humans, animals, and their environments. Several studies have demonstrated
antibiotic resistance among microbes in houseflies and their function in food chain

transmission (Gwenzi et al., 2021).

Thus, the present study was envisaged to understand the occurrence of
zoonotic enteric bacterial pathogens and the plausibility of these pathogens
harbouring antibiotic resistance genes among in-house reared pigs and houseflies

trapped in the farm and non-farm settings.

Thus, the main objectives considered in this study include
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Isolation and identification of Escherichia coli and Salmonella spp. from
farmed pigs and house flies (Musca domestica) from farm premises
Molecular confirmation of the isolates by Polymerase Chain Reaction (PCR)
Detection of extended-spectrum p-lactam and carbapenem resistance by

phenotypic and genotypic methods



47

2. REVIEW OF LITERATURE

2.1. Escherichia coli — isolation and importance

Theodore Escherich, a German pediatrician, first discovered Escherichia coli in
1885. Within the Enterobacteriaceae family, the type species of the genus
Escherichia contains predominantly motile gram-negative bacilli. For a long time,
the pathogen was used to indicate the presence of fecal contamination and
unsanitary processing. The most common agars used to recover E. coli from feces
were MacConkey and Eosin Methylene Blue (EMB). Diarrhoeagenic E. coli can
also be isolated using blood agar plates (Edwards and Ewing, 1972). EMB agar was
considered a suitable medium for isolating E. coli from faeces because it tends to
form distinctive colonies with a greenish-metallic tinge that were not produced by
other bacteria of the family Enterobacteriaceae (Merchant and Packer, 1967).

Using a variety of virulence factors, pathogenic E. coli was classified into
different pathotypes that cause a common disease Viz; Enterotoxigenic E. coli
(ETEC), which causes diarrhea without fever; enteropathogenic E. coli (EPEC)
causing travelers' diarrhea; enterohemorrhagic E. coli (EHEC), which cause bloody
diarrhea without fever; enteroinvasive E. coli (EIEC), which causes dysentery like
diarrhea without fever and diffusely adherent E. coli (DAEC) (Nataro and Kaper,
1998).

E. coli was chosen as the indicator bacterium because changes in antibiotic
resistance in this species can be considered as an early warning system for
developing resistance in associated pathogenic bacteria (Van den Bogaard et al.,
2000).

2.2. Salmonella spp. — Isolation and Importance

Salmonella spp. was named in recognition to Dr. Daniel Salmon, a veterinary
bacteriologist at the United States Department of Agriculture. Salmonella enterica
is a small gram-negative bacillus that belongs to the Enterobacteriaceae family of
bacteria. Salmonella enterica subspecies enterica, Salmonella enterica subspecies

salamae, Salmonella enterica subspecies arizonae, Salmonella enterica subspecies
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diarizonae, Salmonella enterica subspecies houtenae, and Salmonella enterica
subspecies indica are the six subspecies of Salmonella enterica. Based on the
antigen component of the lipopolysaccharide, these subspecies can be divided into

about 50 serogroups (Nunes et al., 2003).

Salmonella spp. is one of the most critical foodborne zoonotic agents globally, and
antibiotic resistance in Salmonella spp. is becoming a growing threat to human
health. Antimicrobial resistance surveillance programs for certain zoonotic and
animal infections, including Salmonella spp., had been mandated by new legislation
in all EU Member States (Carlson and Wu, 2003). To detect Salmonella spp., aPCR
targeting the invA gene was efficient, sensitive, and specific. The invA gene was
used for molecular detection of Salmonella species; this gene encodes for a bacterial
membrane protein required for epithelial cell invasion (Lampel et al., 2000).

Pre-enrichment in BPW and selective enrichment with Tetrathionate Broth,
Selenite Cysteine Broth, or Rappaport Vassiliadis (RV) Broth, followed by
selective plating on Hektoen Enteric Agar and Xylose Lysine Deoxycholate Agar
and finally molecular confirmation with PCR was a standard protocol used for

Salmonella spp. isolation (Nambiar et al., 2009).
2.3. Prevalence of E. coli and Salmonella species in domestic pigs

PCR-based pathogen detection was used to rapidly identify Salmonella from

clinical specimens, food samples, and faecal samples (Rahn et al., 1992).

Feder et al. (2003) detected E. coli 0157:H7 and established that potentially
pathogenic E. coli O 157:H7 could be found in pigs in the United States.

Paixdo et al. (2013) found seven positive samples out of 210 faecal samples

examined from pigs for Salmonella Enteritidis.

Valentin et al. (2014) reported Extended-Spectrum-Lactamase producing E.
coli from pig slurry in Estonia. From 2011 to 2014, a total of 347 E. coli strains

were identified, of which 144 were from humans, 88 from animals, and 115 from
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the environment. The E. coli strains were explicitly chosen for their ability to
produce ESBL.

Ainslie-Garcia et al. (2018) investigated the association between faecal shedding
of Salmonella spp. in pigs at different production stages and the presence of
Salmonella spp. in tissues at slaughter on a farm. From birth to slaughter, faeces
and tissues were collected from 14 groups of pigs from eight commercial farrowing
farms (a total of 809 animals) and cultured for Salmonella spp. Salmonella spp. was
detected in 13 per cent (421/3339) of the faecal samples. Overall, 35 per cent (284)
of the pigs shed Salmonella spp. at least once and 12 per cent (99) shed several
times. Salmonella spp. excretion increased with pig age (P > 0.01) and summer (P
>0.01).

De Koster et al. (2021) screened 817 pig faecal samples collected from 31
multiplier pig farms in Belgium and Netherlands for the presence of antibiotic-
resistant E. coli. They could not find carbapenems resistance in E. coli. However,
ESBL- E. coli were found in significantly higher numbers in Belgian farms (37 per

cent) than in Dutch farms (33 per cent).

Gwenzi et al. (2021) studied the prevalence of Salmonella spp. serotypes in non-
diarrheal pigs in India by analyzing fecal samples from 194 randomly selected pigs.
Salmonella spp. was detected in 11.3 per cent of the apparently healthy pigs with
no diarrhoea. Isolated serotypes were S. Weltevreden (81.8 per cent) and S.
Enteritidis (18.2 per cent). A total of 18.2 per cent of the isolates were multidrug
resistant (three antibiotic classes) with a variety of antibiotic resistance genes on

their genomes, including ESBL (blarem and blaoxa).

Antimicrobial resistance and the occurrence of Salmonella spp. from pig farms
were reported by Ye et al. (2021). Salmonella spp. was found in 64 (15 per cent)

faecal samples that were collected.

Igbinosa et al. (2021) conducted a study to characterize Salmonella spp. serovars

from commercial pig farms in Benin City, Nigeria. On screening 81 samples from
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farms, 15 Salmonella ser. Enteritidis, 11 Salmonella ser. Typhimurium and 58 other

Salmonella spp. serovars were isolated.

Chai et al. (2022) examined 400 faecal swab samples collected from rabbits, pigs,
and poultry farms in Malaysia for the antibiogram profiles of ESBL-producing E.
coli and CREC. Suspected E. coli isolates were confirmed by PCR test and
isolation. The Kirby-Bauer disk diffusion technique was used to assess the
antibiogram of the E. coli isolates, and twelve ESBL-producing E. coli (3 per cent;
12/400) were identified.

Non-typhoid Salmonella spp. (NTS) serovars were found in food producing animals

and pose a threat to food safety and public health (Karabasanavar et al., 2022).
2.4. Prevalence of E. coli and Salmonella species in houseflies

Iwasa et al. (1999) conducted a study to detect E. coli O157:H7 from Musca
domestica (Diptera: Muscidae). A total of 310 fly samples were obtained from four
different farms including pig farm. E. coli serotype O157:H7 was isolated from 5
(1.81 per cent) of 275 houseflies (M.domestica) collected from a cattle farm,
whereas no isolates were obtained from pig or poultry farms.

Olsen and Hammack (2000) isolated Salmonella spp. from the housefly (Musca
domestica) sampled from caged layer houses. Twenty-two species of flies were
collected from 18 traps for microbiological examination. There were 15 pools of
houseflies, M. domestica, ranging from 1 to 19 adult flies per pool. Salmonella spp.

was found in four of the 22 fly pools (18.81 per cent).

Salmonella spp. was isolated from muscoid flies in commercial animal operations
in San Bernardino County, California, by Mian et al. (2002). Salmonella Enteritidis
was detected in adult flies (2,686 muscoid flies) obtained from three dairies and
eight commercial poultry farms. Musca domestica accounted for 93.3 per cent of
the fly population. In eleven (12.94 per cent) of the pools M.domestica tested

positive for Salmonella Enteritidis.
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Antimicrobial-resistant E. coli isolates from symbovine flies from a farm in the
Czech Republic (2006-2007) were studied by Literak et al. (2009). A total of 240
flies were captured using adhesive "fly-catcher paper” and rectal swabs from 165
calves were taken for E. coli isolation. E. coli was found in 61 per cent of

symbovine fly samples.

Wang et al. (2011) analyzed 144 Salmonella spp. isolated from fly and pig fecal
samples from 11 pig farms in Taiwan, and 71.5 per cent of them were resistant to
atleast three antibiotics.

Zhang et al. (2018) collected 297 flies, consisting of 252 Musca domestica.
E. coli was reported to be the most frequently isolated bacterial species from the
flies (41 isolates each) from all sample locations.

Poudel et al. (2019) trapped 493 flies from different livestock and other
units and isolated E. coli from 43.9 per cent of the samples. The study revealed that
35.3 per cent of flies harboured antimicrobial-resistant bacteria, of which nine per

cent were multi-drug resistant.

An ecological study on antimicrobial-resistant zoonotic bacteria spread by flies in
cattle ranches was conducted by Wetzker et al. (2019). The study observed
houseflies showed the presence of 23.6 per cent of bacterial isolates, predominantly

Salmonella spp. (40 per cent).

Al Jallaa Hospital in Benghazi (Galina et al., 2021) reported multidrug-resistant
Gram-negative bacteria in house flies (Musca domestica). E. coli was isolated from
100 flies collected during the isolation process (22 per cent). The E. coli isolates
had 70 per cent resistance to amoxicillin-clavulanic acid (AMC) but no resistance
to imipenem (IPM) or ceftazidime (CAZ).

2.5. Antibiotics and Antibiotic resistance

The antibiotics discovery dates back to the 19" century. In 1887, Rudolf Emmerich
observed that animals infected with Streptococci were immune to cholera, while in

1896, a French medical student, Ernest Duchesne, proved the antibacterial effects
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of the soil mold Penicillium. However, the discovery of penicillin by Nobel Prize
winner Alexander Fleming in 1928 and its extensive use during World War 1l

revolutionized antimicrobial therapy (Sheehan, 1982).

Antibiotics were categorized according to their mode of action (bactericidal or
bacteriostatic), their spectrum of activity (broad or narrow), their mode of
administration (oral or injectable), and their chemical structure. Major classes of
antibiotics are naturally derived antibiotics (e.g., lactams, tetracyclines,
aminoglycosides, and macrolides) and chemical structures of synthetic antibiotics.
The lactam antibiotics, having a B lactam ring in their molecular structure, are
among the most commonly used antibiotics in clinical therapy. These antibiotics
have bactericidal activity against gram-positive and gram-negative bacteria by
irreversibly blocking penicillin-binding proteins (PBPs) such as carboxypeptidases,
endopeptidases, and transpeptidases involved in the formation of the peptidoglycan
layer in their cell walls. PBPs are a family of proteins that help freshly generated
peptidoglycans crosslink to the existing cell wall structure. The B -lactam
antibiotics group includes penicillin, cephalosporins, carbapenems, and
monobactams. They can be categorized into different generations and grouped

based on their antimicrobial properties and spectrum of action (Fontana, 1990).

Antibiotic resistance to commensal and pathogenic bacteria in humans was
reported for the first time by Smith in 1969 and was due to the selection pressure
on bacterial populations when used for therapeutic or preventive use (Schroeder et
al., 2002).

Antibiotics are chemicals or compounds (secondary metabolites) produced by
some microbes that might kill or impede the growth of other microorganisms. In
addition, many synthetic chemicals have similar activities. More than 5000
antibiotics were discovered as of today, with roughly 100 being in routine use to
treat human and animal illnesses (Khardori, 2006). Antibiotic resistance in
commensal bacteria (naturally occurring host flora) indicated the selection pressure
induced by antimicrobial usage and signalled the potential for future resistance in
pathogens (Aarestrup et al., 2010).
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Antibiotics are also being used as a growth promoter in food animals though
European Union prohibits it. However, the growth promoter restriction has
typically resulted in increased metaphylactic and prophylactic use in animals rather

than a consistent decrease in antibiotic consumption (Laxminarayan et al., 2013).

The free movement of people and comodities between countries and the
extensive international transportation of livestock has made AMR a global concern
(Da Costaet al., 2013). The environment is considered the melting pot of
antimicrobial resistance as microbes acquire antibiotic resistance genes from the
environmental microbiota. Furthermore, the rise of AMR correlates with a decrease
in the discovery of new antimicrobial drugs. Most antibiotics currently used to treat
common human and animal infections are expected to become obsolete in the next
five to ten years, reverting to the pre-antibiotic era in the post-antibiotic era
(Butaye et al., 2015).

In human medicine, antimicrobial drugs are only used for therapy and prophylaxis.
Antimicrobials in farm animals, on the other hand, have therapeutic, preventive,
metaphylactic, and subtherapeutic use (Hedman et al., 2020). We need to use
antimicrobials more cautiously in both human and animal medicine since a
complete restriction on their use in farm animals would have significant

consequences for animal health, welfare, and productivity.

2.6. Origin and antibiotic resistance due to extended-spectrum beta-

lactamase

Philippon created the phrase extended spectrum f lactamase (ESBL) in 1989.
ESBLs are mostly plasmid-encoded enzymes that provide prolonged resistance to
B lactam antibiotics. Nosocomial pathogens are ESBL-producing bacteria that have
been increasingly recognized as a cause of infections in the community since the
late 1990s. The great majority of ESBLs found in human clinical isolates until the
1990s were SHV (sulfhydryl-variable) or TEM (called after the first patient from
whom the pathogen was recovered) types (Hunter et al., 2010).
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Resistance to B-lactam antibiotics in gram-negative organisms could be caused by
three different mechanisms: mutations in penicillin-binding proteins (PBPS),
reduced permeability of the cell wall (i.e., disruption of porin proteins, efflux
systems), and production of B-lactamase enzymes (the most common mechanism
in Enterobacteriaceae family) that hydrolyze and inactivate the 3 -lactam ring. More
than 1000 [ -lactamases have been identified to date (Bush and Fisher, 2011).

Evolution of extended spectrum [ -lactamases started from the introduction of
cephalosporins in the 1960s; plasmid-borne enzymes and chromosomal
cephalosporinases (AmpCs) proficient in hydrolyzing all penicillins and
cephalosporins became available in the 1980s, resulting in the development of
second, third, and fourth-generation oxy-imino cephalosporins (cefuroxime,
cefotaxime, ceftazidime, and cef (clavulanic acid, tazobactam, sulbactam, and
avibactam). Due to their ability to hydrolyze and inhibit all penicillins and
cephalosporins, these enzymes, known as extended-spectrum [ -lactamases,
became popular in the 2000s, resulting in clinical failures in antibiotic therapy and
a rise in morbidity and/or mortality. Furthermore, the usage of cephalosporins
causes the expression of AmpCs, which can hydrolyze all cephalosporins (except
cefepime) and, to a lesser extent, carbapenemases. Carbapenems gradually

displaced cephalosporins to treat infectious illnesses (Poirel et al., 2011).

Antibiotics having B-lactams are the safest and most frequently used in clinical
treatment. They are versatile in that they can be structurally modified to produce
various powerful versions, a malleability that other antibiotic classes lack.
Lactamases (or B-lactam hydrolyzing enzymes) mediate p-lactam resistance in
Gram-positive bacteria, whereas B-lactamases (or f-lactam hydrolyzing enzymes)
induce B-lactam resistance in Gram-negative bacteria. Paradoxically, the evolution
of B -lactamases has sped up the production of new B-lactams drugs (Dolejska et
al., 2012).

To combat the hydrolysis induced by -lactam enzymes, 3-lactamase inhibitors had
been developed, permanently binding the enzyme binding site and allowing the 3 -

lactam to function. As a result, they were administered in combination with
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antibiotics susceptible to -lactamase. Over a period, inhibitor-resistant enzymes
have emerged, and some carbapenemases belonging to the Metallo-lactamase
family have developed resistance to these drugs. When ESBLs emerged in the
1980s, a novel P -lactam antibiotic was produced that was stable to hydrolysis by 3
-lactamases. Because of their effectiveness against all resistant species, these new

antibiotics, carbapenems, were the last line of antibiotics (Carattoli, 2014).

CTX-M (cefotaximase) -lactamases, evolved later are the most common ESBLS in
human Enterobacteriaceae. The first ESBL-producing E. coli strain was discovered
in a dog with a urinary tract infection and carried the SHV-12 gene. Later, E. coli,
Salmonella spp., and K.pneumoniae from livestock and companion animals were
found to have a variety of CTX-M, TEM, and SHV types (Dahms et al., 2015).

Clavulanic acid and other class A lactamase inhibitors such as sulbactam and
tazobactam inhibit an enzyme known as extended-spectrum beta-lactamase. Beta
lactamase enzyme provide resistance or reduce susceptibility to narrow- and broad-
spectrum cephalosporins but do not affect cephalosporins or carbapenem
compounds. ESBLs have been divided into different classes based on their amino
acid sequences, with most of them being first discovered in Europe. Ambler's
molecular classification and BushJacobyMedeiros' functional classification are the
two most widely used categorization schemes used for beta-lactamases. According
to the protein homology of the enzymes, the Ambler scheme divides B-lactamases
into four groups. Serine lactamases are class A, C, and D enzymes, while Metallo-
lactamases are class B enzymes. The functional system of BushJacobyMedeiros
was based on the functional properties of enzymes, the substrate, and inhibitor
profiles (Shaikh et al., 2015).

2.7. Origin and antibiotic resistance due to carbapenems

Carbapenems are structurally related to penems and have similar core structures.
Carbapenems have a B -lactam ring fused to an unsaturated five-membered ring
with carbon at position 1 of the unsaturated ring. Carbapenems have been identified
from several Streptomycete fermentation products. Thienamycin, a naturally
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occurring carbapenem, was discovered in Streptomyces cattleya. Although it was
unstable in aqueous solutions, the thienamycin molecule showed potent activity
against gram-positive and gram-negative bacteria. The pharmaceutical sector has
therefore created thienamycin compounds with adequate stability. Clinically
available carbapenems are imipenem, meropenem, ertapenem, and doripenem
thienamycin derivatives (EFSA, 2013).

In the 1980s, chromosomally mediated carbapenemases were discovered in the
cloacae isolates of Enterobacter long before the plasmid-transmitted K.pneumoniae
carbapenemase (KPC) was detected in 1996. Carbapenemases also hydrolyze all 3-
lactam antibiotics with some classes, such as, e.g., clavulanic acid showing
resistance to [-lactamase inhibitors. In addition, carbapenemase-producing
organisms are the most worrying of all multidrug-resistant (MDR) strains since the
genetic determinants containing the carbapenemase genes almost always carry
genes resistant to numerous other classes of antibiotics (Nordmann and Poirel,
2014).

Carbapenemases are divided into three categories: Ambler class A, class B, and
class D. The most common clinical carbapenemase is the class A carbapenemase,
specifically KPC, which is most commonly produced by K.pneumoniae. Their
infection-related death rates are high (> 50 per cent), and their treatment options are
limited. Ambler's class B carbapenemase family includes six enzymes:
imipenemase (IMI), Verona integrin-encoded Metallo-lactamase (VIM), Sao Paolo
Metallo-lactamase (SPM), Seoul imipinemase (SIM), Guyanese imipenemase
(GIM) and New Delhi Metallo-lactamase (NDM) (Guerra et al., 2014).

Class B enzymes can hydrolyze all B-lactams except aztreonam, and the mortality
rate for this class is estimated at 18 to 67 per cent. NDM has recently become
endemic in Pakistan and India and has been detected on every continent with co-
resistance to fluoroquinolones, aminoglycosides, macrolides, and all antibiotics
except tigecycline colistin (polymyxin E), and polymyxin B, has raised
international concern. The oxacillinases (particularly OXA-48) belong to the class
D carbapenemases, first discovered in Turkey in 2003, and are currently found
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worldwide. It is present in A.baumannii and is difficult to detect using phenotypic
approaches, making a collection of actual prevalence data problematic (Jager et al.,
2014).

The clinical effectiveness of antibiotics is short-lived as bacteria adapted to them
by evolving various resistance mechanisms that allow them to avoid the lethal
effects. Through increased global travel and trade, antimicrobial resistance can be
transported from one region of the world to another through increased global travel
and trade, as was the case with NDM-expressing carbapenem-resistant bacteria
discovered in Sweden in patients who had just been to India and Pakistan (Cubero
et al., 2015). As a result, antibiotic resistance is no longer a regional problem but a
global one with far-reaching economic implications due to rising healthcare
spending, longer hospital stays, and costly but harmful antibiotic alternatives (Xu
etal., 2022).

Yamada et al. (2016) performed multiplex PCR to detect genes of blakpc, blanpm,
blavim, blaive, and blaoxa-ss like carbapenemases and had 100 per cent sensitivity
and specificity. Because of the difficulties in interpreting MHT and MBL tests, it
was recommended that molecular tests can be used for optimal detection of

carbapenemase-producing Enterobacteriaceae (Dankittipong et al., 2022).
2.8. Use of Antimicrobials in Animal Health

The use of antimicrobial drugs in veterinary medicine, as in human medicine,
creates a selection pressure for the emergence of antimicrobial-resistant
microorganisms, including animal pathogens, human pathogens with animal
reservoirs, and commensal bacteria found in animals. According to available
statistics, antimicrobial agents are used extensively in animals, including drugs
critical to human treatment, and their use in animals may even exceed use in humans
(Singer et al., 2003).

Agoga et al. (2015) studied environments related to animal (cattle and pigs) and
municipal (human) waste and found that antimicrobial-resistant bacterial

populations were unique to the context of animal husbandry and human activities.
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However, 25 of the 61 unique AMR genes found were shared by urban garbage and
animal samples. AMR genes were found in external environments. Biocide and
metal resistance were the key issues of these genes from external microbiomes.
AMR genes were abundant and diverse in the human microbiome but with minimal

taxonomic diversity.

Coyne et al. (2019) stated that antimicrobial use in the pig sector was influenced by
a variety of factors, with multiple drivers motivating decisions. Farmers stated that
good management methods, low stocking densities, and a high health status were
related with low antimicrobial use, but there was no consensus on whether

agricultural systems resulted in either a low or high antimicrobial requirement.

Fang et al. (2020) conducted a survey on antimicrobial usage in pigs and
concluded that types of farms, antibiotic sources, and previous pig disease
experiences were all linked to self-purchasing of antibiotics by farmers. Those who
were smallholders, buying antibiotics from veterinary drug stores and village vets,
and whose pigs had previously suffered diseases were more likely to self-purchase
antibiotics for their pigs. In comparison to their peers, farmers who cleaned their
pigsties less frequently and those whose pigs had been diagnosed with ailments

used antibiotics more frequently.

Animal disease surveillance is underdeveloped, and the infrastructure to support
service delivery is limited. Due to economic considerations and approachability,
farmers prefer untrained "animal health workers" and para-veterinarians.
Antibiotics are commonly available over-the-counter without a prescription, and
medications are sold directly to farmers. Furthermore, drug withdrawal periods are
uncommon, and antibiotic-contaminated milk has been documented. Antimicrobial
stewardship in livestock is still being established, and there is a lack of awareness
of AMR. Initiatives like the National AMR Containment Program, the National
AMR Action Plan, and the National Health Policy demonstrate the government's

commitment to resolving the country's AMR problem (Mutua et al., 2020).



59

Albernaz-Gongalves et al. (2022) reported that preventative measures, such as
biosecurity and immunizations, are necessary yet insufficient in pig production
systems to achieve excellent health standards. High-performance pigs raised in
intensive systems are predisposed to disease due to restrictive, barren housing and
several extensively utilised management tactics that cause pain and stress.
Antibiotics are utilised as part of the infrastructure in pig farms to maintain health
and high levels of production. Antimicrobial resistance (AMR) is a global health
crisis impacting both humans and animals, and intensive livestock farming's uses
higher amount of antibiotics is a major risk factor for the establishment and transfer
of resistant bacteria from animals to humans. To address the issue of AMR,
antimicrobial usage must undergo significant adjustments, including as decreasing

its use for prophylaxis and eliminating their use as growth promoter altogether.
2.9. Housefly as potential source of AMR

The housefly (Musca domestica), one of the world's most widespread insects,
belongs to the suborder Cyclorrhapha. It accounts for over 91 per cent of all flies in
human habitation and is a major carrier and reservoir of pathogens and commensal
bacteria (Rahuma et al., 2005). Regularly associated with human and animal
habitats, insects are a reservoir of resistance genes in the environment and a
potential channel for their spread. The ability of insects to carry and transmit

pathogens is well documented (Vasanthakumar et al., 2008).

Adult house flies have a gray thorax and four dark longitudinal lines down their
back and are about 0.3 - 0.5 inches long. Female houseflies are slightly larger than
males, and their red compound eyes have a much greater spacing between them.
Each female fly can lay about 500 eggs. Larvae (maggots) hatch from the eggs
within a day; they live and feed on (typically dead and decaying) organic matter,
such as waste or feces. The maggots crawl to a dry, cold spot towards the end of
their third instar and turn into pupae, from which adult flies emerge. Complete

metamorphosis refers to this whole cycle (Dahlem, 2009).
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Adults can live two weeks to a month in the wild or more in controlled laboratory
conditions. The flies stop growing after hatching from the pupae; small flies are not
necessarily young flies but the result of malnutrition during the larval stage. Warm
temperatures are necessary for houseflies to develop and reproduce; In general, the
higher the temperature, the faster the flies develop and multiply (Igbal et al.2014)

Adult houseflies can stray up to 20 miles from their developmental sites,
and they often breed in sites associated with human and animal waste. As a result,
houseflies can quickly build up large numbers on animal farms and migrate from
farms to residential areas. According to the FDA, houseflies are also one of the most
critical hygiene pests globally, as they make a significant contribution to the spread
of food-borne infectious diseases such as cholera, shigellosis, and salmonellosis
(Jonge et al., 2020).

The presence of antibiotic-resistant pathogens in insects was isolated and identified
specific resistant pathogens in insect hosts. Flies, cockroaches, and even bees have
been reported to transmit antibiotic-resistant human infections in different habitats
(Kokdener and Kiper, 2021).

2.10. Antimicrobial susceptibility pattern of E. coli and Salmonella species
obtained from flies and faecal samples

A five gram ceftazidime disc was introduced for separating ESBL-producing and
non-ESBL-producing E. coli and K.pneumoniae strains (Jacoby and Han, 1996).
Rodrigues et al. (2004) described the Kirby-Bauer disk diffusion method, a novel
antimicrobial susceptibility test designed to identify potential ESBL producers.
Antibiotics such as cefoxitin (an inducer), cefotaxime, ceftazidime, ceftazidime +
clavulanic acid, aztreonam, and ceftriaxone had been used in the innovative disc

placement procedure.

In 2003-2004, Lim et al. (2007) studied antibiotic resistance in E. coli strains
obtained from feces of cattle and pigs in Korea. They discovered 744 E. coli bacteria
in 830 fecal samples from healthy cattle and pigs. These isolates were tested for

susceptibility to 16 antimicrobial agents, including amoxicillin-clavulanic acid
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(AMC) and cefotaxime (CTX). Bovine isolates showed no resistance to AMC and

CTX, while porcine isolates showed resistance to both AMC and CTX.

Abraham et al. (2014) underlined the importance of antimicrobial stewardship
programs, surveillance for antimicrobial-resistant zoonotic agents in livestock,
screening for carbapenemase production and antimicrobial susceptibility testing,

and MIC for chronic and recurrent diseases in livestock.

Understanding whether or not an organism produces carbapenemases (CPO) and
the class of carbapenemases it produces has implications for treatment, as some
drugs act selectively against certain carbapenemases. In addition, CPO spreads
more quickly through patients than in non-CP-carbapenem-resistant organisms,
requiring more stringent infection control measures than would be necessary for the
absence of carbapenemase synthesis. The phenotypic tests are best used in clinical
practice to identify CPO (Tamma and Simner 2018).

Tipisca et al. (2021) conducted study based on the phenotypic detection of
extended-lactamase-producing E. coli isolated from pigs in three slaughterhouses
in north-eastern Romania. The faecal samples were inoculated on to Mac Conkey
medium added with cefotaxime (MC+CTX). After screening for ESBL, 51 (39.84
per cent) of the 128 samples examined grew on MC+CTX media and were
identified as E. coli. Furthermore, 78.43 per cent of isolates with ESBL phenotype

were detected.

Fournier et al. (2021) investigated the presence of extended spectrum [} lactamase
(ESBL)-producing enterobacteria in the gut of pigs from a Swiss farm and the
antibiotic resistance mechanisms among them. A total of 81 faecal samples were
collected and analyzed for 3 -lactam resistance. Sixty per cent of the samples were
ESBL producers phenotypically. A total of 38 ESBL-producing E. coli and a single
ESBL-producing Enterobacter cloacae were recovered from 81 pigs, indicating a

50 per cent prevalence.
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2.11. Molecular characterization of blactx-m, blatem, and blaskv genes
conferring ESBL resistance in E. coli and Salmonella species obtained from

flies and faecal matter of pigs

Brinas et al. (2003) found that ESBLs were produced by E. coli strains from
diseased animals in Spain. ESBL production was detected in 20 per cent of the E.

coli strains recovered from previously treated companion animals.

Kojima et al. (2005) recorded a significant incidence of extended-spectrum
lactamase-producing E. coli strains obtained from farmed animals across Japan. A
total of 2,747 isolates that included 793 from pig farms, were screened over four
years. Of the samples screened there is a low level of ESBL encoded genes (blacrx-
m) in pigs (2/793).

The widespread use of beta-lactam antibiotics to treat gram-negative bacterial
infections has led to dynamic changes in bacteria that produce beta-lactamases that
increased their activity even over recently developed beta-lactam antibiotics

(Paterson and Bonomo, 2005).

Antimicrobial resistance is becoming more prevalent in microorganisms. In India’s,
a high percentage of ESBL positive isolates was observed in Lucknow, Delhi, and
Nagpur studies. Notably, only carbapenems were consistently sensitive to all
ESBL-producing isolates (Jain and Mondal, 2007).

Meunier et al. (2006) studied CTX-M-1 and CTX-M-15 type lactams in E. coli
clinical isolates from food producing animals in France (cattle, pigs, and poultry).
They were tested for the presence of lactamase types CTX-M. The CTX-M gene
was found in seven E. coli isolates from cattle, pigs, and poultry; PFGE was used
to study these isolates further. Although two plasmids were similar in two strains
of bovine, porcine, and avian, PFGE showed no epidemiological relationship

between them.

Liu et al. (2007) characterized of B -lactamase genes from cephalosporin-resistant
E. coli isolated from farm animals in Guangdong, China. Between 2003 and 2005,

50 (8.4 per cent) of 592 E. coli isolates isolated from livestock and poultry tested
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positive for cephalosporin resistance. Fourteen isolates (2.4 per cent) from chicken,
duck, pig, and partridge tested positive for the blactx-.m gene by PCR and
sequencing studies (14 for blactx-m). The blatem gene was found in all isolates. The
study reported that, CTX-M producing E. coli in China's livestock and poultry, with
the CTX-M group being the most commonly found extended spectrum lactamase.

Machado et al. (2008) studied antibiotic resistance integrons and ESBLS in porcine
Enterobacteriaceae. At least one antibiotic resistance was found in 113 isolates.
Non-susceptibility to non-lactam antibiotics was found to be more common among

ESBL producers than non-ESBL producers.

Tian et al. (2009) studied E. coli from two pig farms in China and found that a total
of 14 E. coli isolates had ESBL genes, thirteen carried blactx-m, and one carried
blasnv. PFGE of these ESBL-producing isolates revealed that plasmids expressing

ESBL genes carried additional non-lactam antibiotic resistance determinants.

High rates of ESBL-positive isolates were found in different cities, indicating that
ESBL-positive strains are not limited to a single city or region (Hawser et al., 2009).
The high incidence of ESBL in India and its extensive transmission are a cause for
concern. The prevalence of ESBL was 88 per cent among the 163 Gram-negative
bacteria evaluated as part of the SARI (2004-2006) investigation (Mathai et al.,
2009).

To assess the threat of transmission of ESBL bacteria to humans from animal
sources, Horton et al. (2011) tested the organisms in pigs of UK farms and reported
the high proportion of CTX-M positive E. coli organisms. They found that the per
centage of CTX-M positive E. coli was 0.121 per cent in pigs.

Geser et al. (2012) evaluated 334 faecal samples from pigs. After an enrichment
process, 15.3 per cent of the pig showed ESBL positives. E. coli was found in 89 of
the 91 isolates. According to the PCR results, 78 isolates (85.7 per cent) produced
CTX-M, five of the ESBLs found belonged to the SHV group (5.5 per cent), and

two isolates (2.2 per cent) contained a TEM-type enzyme.
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Lalzampuia et al. (2013) analyzed 138 gut bacteria from 53 pig fecal samples from
different Mizoram regions, including 102 (73.91 per cent) E. coli and 26 (18.84 per
cent) Salmonella spp. and observed eight (100 per cent) cefixime and cephalexin,
seven (87.5 per cent) cefazolin and oxytetracycline, and six (75 per cent) ampicillin,
ceftriaxone, cefotaxime, and enrofloxacin resistant E. coli isolates. The Double

Discs Synergy Test proved that all of these were ESBL producers.

Olowe et al. (2015) collected 350 fecal samples from healthy cattle and pigs and
identified ESBL. They isolated 114 E. coli strains, of which 72 (63.2 per cent) tested
positive for ESBLs in the double disc synergism test, and 81.6 per cent tested
positive in the ESBL brilliant agar. PCR specific for ESBL-producing genes was
carried out, SHV in 81 E. coli isolates, but none were found positive. CTX-M genes
were found in 51 (44.7 per cent) of the isolates, while TEM genes were found in 48

(42 per cent) of the E. coli isolates.

Dahms et al. (2015) screened inguinal swabs of 73 people from 17 pig
farms having contact with animals in northeast Germany for ESBL-producing E.
coli to find out the possibility of cross-transmission of ESBL-producing E. coli from
animal to human. ESBL-producing E. coli was found in five farm labourers. CTX-
M -lactamase was found in all human isolates under study, while TEM and OXA -

lactamases were also found indefinite proportion.

Samanta et al. (2015) reported 12 (6 per cent) isolates positive for ESBL production
in organized and backyard pig farms of West Bengal. Six of them turned out to be
CTX-M producers, and ten of them had TEM/SHV genes.

Usui et al. (2015) discovered the coexistence of cephalosporin (bla) and colistin
(mcr) resistance genes in Enterobacteriaceae from Thai flies. Between 2013 and
2015, 235 flies were collected from 27 locations in Thailand (18 urban areas, five
pig farms, and four poultry farms). Cefotaxime-resistant Enterobacteriaceae
(CtxRE) and bla-positive CtxRE were identified from 70 (29.8 per cent) and 48
(20.4 per cent) flies, respectively. The most abundant gene was blactx-m gene which
was found positive from 93 positive isolates from 48 flies, including E. coli,
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Enterobacteriaceae, and Klebsiella pneumoniae, in case of TEM (n=62), followed
by CTX-M (n=81) and SHV (n=10), with 58 isolates harboring multiple types of

these genes.

In Vietnam, Nguyen et al. (2016) assessed the occurrence of ESBL-producing E.
coli strains in food samples, including pork samples collected from
slaughterhouses, wholesale markets, and supermarkets. ESBL-producing E. coli
were found in 150 (45.5 per cent) of the 330 food samples examined. CTX-M (31.2
per cent) were the most common for ESBL -Activity responsible genes.

Songe et al. (2017) examined 56 ESBL-producing E. coli isolates from flies in
Lusaka, and observed 42 isolates from ESBL-producing E. coli carried bla ctx-m
genes. Furthermore, 18 (42.9 per cent) of the 42 blactx-m positive isolates tested
positive for blactx-m genes, while 15 (35.7 per cent) tested positive for blasqv genes.
Some isolates (21.4 per cent) tested positive for both the blatem and blasky genes,

simultaneously.

To study the faecal carriage of ESBL producing E. coli in piglets, a cross-sectional
study was performed by Tamta et al. (2020) on five organized pig farms. Faecal
samples from piglets (n=155) was processed for isolation and characterization of E.
coli. A total of 124 E. coli isolates from piglets was recovered, with 44.4 per cent

(55/124) of isolates from piglets and tested positive for ESBL production.

To identify beta-lactamase genes and develop an antibiotic resistance profile,
researchers from Latvia analyzed the occurrence of ESBL-producing E. coli from
faeces of pigs on large and small farms. Fecal samples were collected from piglets
and sows on four large farms and three small farms (n=615). ESBL-producing E.
coli were confirmed in three large farms, L1 (64.3 per cent), L2 (29.9 per cent), L3
(10.7 per cent), and one small farm, S1 (47.5 per cent). The prevalence of ESBL-
producing E. coli differed significantly between the large and small farm groups
(26.9 per cent vs. 12.7 per cent). The most common ESBL genes were blatem (94

per cent), blactx-m (86 per cent) and blasnv (4 per cent). blasny was dominant on the
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small farms (48 per cent), while blacrx.m was dominant on the large farms (Galina
etal., 2021).

Throughout an 11-month investigation, Pileggi et al. (2021) gathered two
species of filth flies from a livestock operation: house flies (Musca domestica),
which represent a generalist feeder, and stable flies Stomoxys calcitrans, which
represent a specialist (blood) feeder. Culturing on antibiotic-selective media was
used to determine the proportion of flies harbouring cefotaxime-resistant (CTX-R)
bacteria in whole bodies and dissected guts. A total of 18 resistant isolates were
obtained (including E. coli and Salmonella spp.). Cefotaxime resistant were
obtained from the 14 pools of flies processed, including 81 house flies and 68 stable
flies. These isolates were found resistant to a variety of antibiotics. The CTX-R
isolates were mainly found in female flies that carried at least two different resistant

bacterial species.

2.12. Molecular characterization of blajve, blaoxa-4s, and blanom genes
conferring carbapenem resistance in E. coli and Salmonella species obtained

from flies and faecal matter of pigs

Liu et al. (2007) studied multidrug-resistant gram-negative gut bacteria found in
flies collected from six different locations in China. Forty-eight antimicrobial-
resistant Gram-negative gut bacteria were identified, with E. coli accounting for 77
per cent. In addition, phenotypic antimicrobial resistance testing revealed that no E.
coli isolates were resistant to imipenem (IPM), meropenem (MRP), amoxicillin-
clavulanic acid (AMC), piperacillin-tazobactam (PIT). Cefotaxime (CTX)
resistance was found in 37 (100 per cent) isolates, and ceftazidime resistance was

found in 29.72 per cent isolates.

Carbapenemase genes can be passed from bacteria to bacteria via mobile genetic
elements, and flies can provide an ideal habitat for cross-bacteria transmission of

resistance genes (Cornaglia et al., 2011).

E. coli producing carbapenemase and ESBL were isolated from pigs in India were

screened by Nirupama et al. (2018). A total of 741 fecal samples and 195 piglets
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suffering from diarrhea were sampled. A total of 27 and 243 isolates showed
carbapenem-resistance and ESBL-production, respectively. During the genotypic
screening, three carbapenem-resistant isolates tested positive for the blaoxa-ss
carbapenemase gene. Out of 243 isolates 137 isolates tested positive for ESBL-
genes namely blactx-m. It is noteworthy to mention that the occurrence of blaoxa.-ss

carrying E. coli recovered from pigs in India poses public health hazard.

Diaconu et al. (2020) discovered the first MDR, blanpom positive E. coli isolate from
a food-producing animal in Europe. In 2019, a blaNDM-4-positive E. coli strain

was found in the faeces of a fattening pig.

In a study conducted by Tamta et al. (2020) from five organized pig farms, fecal
samples from piglets (n=155) were processed for isolation and characterization of
E. coli. Out of 124 E. coli isolates from piglets, a total of nine isolates revealed
carbapenem- resistance. The blanom gene was found in two isolates from piglets
and one from farmworkers. Carbapenem resistance in E. coli isolated from piglets
could be caused by human interaction or the shared environment and is of public

health concern.

Chai et al. (2022) reported the occurrence of ESBL-producing E. coli and
Carbapenem resistance in E. coli in pigs, and other species. A total of 400 fecal
swab samples from pigs, and other species were screened from different animal
farms in Malaysia and 12 ESBL-producing E. coli (3 per cent; 12/400) were
identified. Antibiotic resistance was detected in the bacterial isolates, that include
ertapenem, ampicillin, and amoxicillin-clavulanate. Multidrug-resistant E. coli
isolates were detected in 3.3 per cent (7/212) of the E. coli isolates. Though, figures
obtained in these study for ESBL resistance among pig was found to be higher when
compared to earlier authors, the results found to be significant since there are lesser

reports of ESBL producers among animals.

Gonzlez-Fandos et al. (2022) conducted studies on pigs to see the effect of extended
spectrum B-lactamase (ESBL) and carbapenemase-producing Enterobacteriaceae.
Group of 27 pigs was divided into three groups; one group received enrofloxacin
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treatment, another received oxytetracycline treatment, and the third received no
treatment. According to this study, the administration of oxytetracycline or
enrofloxacin to food-producing animals can cause ESBL and carbapenemase-
producing E. coli. Research should be needed to validate the finding further,

considering a more robust and extended experimental design.



3. Materials and Methods
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3. MATERIALS AND METHOD

3.1. MATERIALS
3.1.1. Standard / Reference Strains

The standard cultures of E. coli MTCC 3221, S. Typhimurium ATCC 4842,
and isolates of E. coli and S. Typhimurium confirmed of having blactx-m, blatem
and bla snv genes for ESBL- producing ability maintained in the culture repository
of the Department of Veterinary Public Health, College of Veterinary and Animal
Sciences, Pookode were used in this study. The E. coli isolates carrying blaime,
blaoxa and blanom genes for carbapenem resistance were procured from the
Department of Veterinary Microbiology, College of Veterinary Science and Animal
Husbandry, Faizabad, Uttar Pradesh.

3.1.2. Scientific Instruments and Equipment

The scientific equipment used in the study included T100™ Thermal Cycler
(Bio-Rad, USA), Gel Doc™ EZ Gel Documentation System (Bio-Rad, USA),
Laboratory centrifuge (REMI equipment, India), Refrigerated centrifuge (REMI
equipment, India), Cyclomixer (REMI equipment, India), Laminar airflow system
(Labine, India), Shaker incubator (Labline, India), Bacteriological incubator
(Labline, India), Submarine horizontal electrophoresis system (Bio-Rad, USA),
Electronic weighing machine (Schimadzu, Japan) and micropipettes (Thermo

Fisher Scientific, Finland; Eppendorf, Germany).
3.1.3. Plasticware and Glassware

Plasticware and glassware used in the study were procured from Tarsons
(India) and Borosil (India) respectively. Standard protocols were followed for the

washing and sterilization of glassware.
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3.1.4. Media, Reagents, and Chemicals

The chemicals and reagents of analytical grade were procured from reputed

national and international firms and used in this study.
3.1.4.1. Media used for Isolation and Identification

Dehydrated media for the isolation of E. coli and S. Typhimurium and
reagents for various biochemical tests were procured from HiMedia (India), BD-
Difco (USA), Genie (India), SRL (SISCO, India), and Sigma-Aldrich (USA).

3.1.4.2. Chemicals for DNA extraction

Reagents for DNA extraction were procured from Thermo Scientific (USA),
Sigma-Aldrich (USA), and the DNA extraction kit was procured from Origin
(India). The reagents for DNA extraction namely, TE buffer (10mM Tris, 1mM
EDTA, pH 8.0), Proteinase-K (20mg/ml), isopropanol, and ethanol (70 per cent)

were procured from Origin (India).
3.1.4.3. Oligonucleotides/Primers

The details of the oligonucleotides/primers used for the detection of various

enteric bacterial pathogens are presented in Table 1.



72

Table 1. Details of primers used for detection of enteric bacterial pathogens and resistance genes

Target organism Gene Gene Primer sequence Amplicon size Reference
(bp)
. F:5-TGGTAATTACCGACGAAAACGGC-3' .
ichi i 162 Bej et al., 1991
Escherichia coli UIdA | R 5. ACGCGTGGTTACAGTCTTGCG-3 J
. F:5-'GTGAAATTATCGCCACGTTCGGGCA-3'
Salmonella spp. invA R 5 TCATCGCACCGTCAAAGGAAC -3' 284 Rahn et al., 1992
F:5'- CGCTTTGCGATGTGCAG-3' Ahmed, 2004
blactxm | R: 5-~ACCGCGATATCGTTGGT-3' 550
) F:5'- GATGAACGCTTTCCCCATGATG-3'
ESBL producing blasiv | R: 5-CGCTGTTATCGCTCATGGTAA-3' 214 _
Enterobacteriaceae Yazdi et al., 2012
F:5'- ATGAGTATTCAACATTTCCG-3' 847
blaTem R: 5-GTCACAGTTACCAATGCTTA-3'
F: 5-GCAGCTTGTCGGCCATGCGGGC-3' 782
blanom | R: 5.GGTCGCGAAGCTGAGCACCGCAT-3
Carbapenemase-producing | F: 5-GAAGGCGTTTATGTTCATAC-3' 587 Doyle et al., 2012
Enterobacteriaceae blamp R: 5-GTACGTTTCAAGAGTGATGC-3'
F:5-GCGTGGTTAAGGATGAACAC-3' 438
blaoxass | R: 5-CATCAAGTTCAACCCAACCG-3

(013



3.1.4.4. PCR components

The PCR reaction was performed for the detection of E. coli and S.

Typhimurium in Verity 96 well Thermal Cycler System (BioRad). The details of
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the final reaction mixture of 20 uL volume are enlisted in Table 2.

Table 2. Concentration of various reagents used in PCR

Components Amount
Nuclease Free Water 5.9uL
2X PCR Master Mix 10uL
10pM Forward Primer 0.8pL
10puM Reverse Primer 0.8uL
DNA template 2.5uL
Final reaction 20 pL

3.1.4.5. Agarose gel electrophoresis components

Reagents for agarose electrophoresis were procured from Thermo scientific
(USA), Sigma-Aldrich (USA), Genei (India), and Chromous Biotech (India). The

components of the agarose gel electrophoresis are detailed in Table 3.

Table 3. Components of Agarose gel electrophoresis

SI. No. Components Concentration
1.5 per cent (1.5 g in 100 ml of 1X
1. Agarose
TAE)
2. Tris-acetate EDTA (TAE) 1%
buffer
3. Ethidium bromide 0.5 pg/mL
4. Gel loading dye 1X

5. Molecular weight marker

1kb/100bp DNA Marker ladder
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3.2. Methods

The study was conducted for a period of one year from December 2020 to
November 2021 in five pig farms located in three taluks of Wayanad district
namely, Vythiri, Sultan Bathery, and Mananthavady. A total of 210 pig fecal
samples and 15 pools (10-20 flies per pool) of house flies trapped using fly traps
were collected from these five farms. Similarly, another 15 pools of house flies
were collected from non-farm sources (as control) like hostel premises, college
canteen, etc. Details of housing and feeding system adopted, particulars of pigs
reared, farming experience, and the history of antibiotic usage or treatment were
collected from each farm.

3.2.1. Sampling
3.2.1.1. Faecal sample collection

The faecal swabs were randomly collected from the rectum of seven pigs of
farm I at a regular interval of two weeks and sampling was repeated six times from
the same farm. Similarly, samples are collected from II, III, IV and V. After
collection, fecal swabs were immediately transported to the laboratory using Cary
Blair transport medium under a cold chain. Extra two samples were also collected
from each farm for considering any damage that occurred while transportation. The
samples collected from farm I and farm III belonged to pigs that are completely fed
on concentrate feeds and swill feed, respectively. The fecal swabs collected from
farms 1II, IV, and V were randomly collected from weaning piglets, mixed-age
groups and breeding stocks, respectively.
3.2.1.2. Sampling of houseflies

Traditional and commercial fly traps were used for trapping flies from the
farm and non-farm settings. The traditional fly traps were made of plastic bottles
filled with baits such as dried fish and chicken powder in a ratio of 2:1, along with
sugar syrup. The traps were fixed at different locations in farm and non-farm
settings where flies were found to be abundant. The sampling frequency was pre-

determined to collect pooled samples and both traps were fixed at different
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locations in the pig sheds, where the flies were seen abundant. From each farm,
three successful attempts were made for fly trapping to yield three pools of samples,
likewise, a total of five farms which means 15 pools of samples were collected.
Each pool was processed for the isolation of E. coli and Salmonella spp. provided
the number of flies caught per catch was not less than 10. As a control, an additional
15 pools of samples were collected from non-farm settings (Table 4).

Flies were first washed with 1X Phosphate Buffer Saline (PBS) and
examined the wing pattern under 10X magnification for the genus identification
(Sen and Fletcher, 1962). Flies were then pooled and washed with 1X PBS three
times to remove surface contaminants (Zhang et al., 2018) and put into 2ml
Eppendorf tubes with 1.5ml PBS and centrifuged for 10 minutes at 12000 rpm.
The flies settled down at the bottom were crushed using a sterile metal rod.
Centrifugation was repeated for 10 min at 6000 rpm and the supernatant was used
for bacterial isolation.

Table 4. Details of house fly sample collection

SI. . Flies taken
No Site trI:O' i(:lf S Actual i:;f; t;‘iilllp ped per Total flies for
) pping ping processing
1. FarmI 3 28 22 18 68 60
2. Farm II 3 35 38 44 117 60
3. [Farm III 3 40 38 45 123 60
4. Farm IV 3 25 31 14 70 60
5. FarmV 3 21 12 16 49 49
Non- .
6. ffarm 15 More than 10 files from 178 178
. each pool
setting
Total 605 467




76

3.2.3. Transportation of Samples

The fecal samples were collected in Cary-Blair transport medium and all the
collected samples were transported under insulated chilled conditions. Samples
were processed in the laboratory for further isolation and molecular detection of
Salmonella spp. and E. coli.

3.2.4. Processing of Samples for Microbiological Analysis

The samples were enriched in the selective enrichment broth followed by
streaking onto a selective agar plate. The isolation and identification of different

enteric bacterial pathogens were carried out as described in section 3.2.5. by Barrow

and Feltham, (2003).

3.2.5. Isolation, identification and molecular confirmation of E. coli and

Salmonella spp. by culture method
3.2.5.1. Preparation of media

Isolation and identification of E. coli from all the samples were done by
methods described in the Bergey’s Manual of Systemic Bacteriology (1984) and
OIE Terrestrial Manual (2016), with appropriate modifications. For the isolation
and identification of Salmonella spp. standard procedures mentioned in OIE
Terrestrial Manual (2012) and FDA- Bacteriological Analytical Manual (2007)
were followed. Dehydrated culture media specific for both E. coli and Salmonella
spp. obtained from HiMedia Laboratories Pvt. Ltd. Mumbai, India were used for
enrichment and selective plating of the organisms. The composition of each media

is given in Annexure .

3.2.5.2. Isolation of E. coli

For pre-enrichment, fecal and fly samples were inoculated into buffered
peptone water (BPW). Briefly, for enrichment, 0.5 ml of the supernatant obtained

after centrifugation of the sample was inoculated into five ml of BPW and
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incubated at 37°C for 24 hr. On MacConkey agar, the typical pink-coloured
lactose-fermenting colonies were taken for identification of E. coli. Further,
selective plating of E. coli was done on EMB agar and incubated at 37°C for 24
hr. Three to five representative colonies that showed typical metallic sheen of E.
coli on EMB agar were picked, purified, and confirmed by molecular assay. The
biochemical identification of E. coli was carried out as per Barrow and Feltham,
(2003).

3.2.5.3. Isolation Salmonella spp.

The fly samples and faecal swabs were processed by pre-enrichment,
enrichment, and selective plating for the isolation of Salmonella spp. The fecal
swab and one ml of the supernatant from the centrifuged fly sample were
inoculated into nine ml each of BPW and incubated at 37°C for 24 hr. Enrichment
was carried out by inoculating 0.5 ml of the pre-enriched medium in five ml of
Rappaport Vassiliadis (RV) broth and incubating at 42°C for 24-36 hr in a water
bath.

On Mac Conkey agar, the typical colourless or white non-lactose
fermenting colonies were taken for identification of Salmonella spp. A loopful of
the enriched media was used for selective plating on the Xylose Lysine
Deoxycholate (XLD) agar plates and incubating at 37°C for 24 hr. Three to five
representative black-centered colonies of Salmonella spp. on XLD agar were
picked up, and confirmed by molecular assay. The biochemical identification of
Salmonella spp. was carried out as per Barrow and Feltham, (2003).

Fig. 1: Flow chart showing isolation and identification of E. coli and Salmonella
spp.

Sample

l

Buffered peptone water

l

Enrichment (1:10 dilution): Incubation at 37°C for 18h
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Plating loop full of enriched culture on Mac Conkey agar
(Incubation at 37°C for 18h)

~ N

Subculturing loop full of

Subculturing loop full of pink colonies colourless colonies
on EMB agar to 5ml of Rappaport
Vassiliadis (RV) broth
(Incubation at 37°C for 18h)
Biochemical
identification Plating loop full of enriched
(As per standard culture on XLD agar
(Incubation at 37;C for 18h)
v Biochemical
Molecular confirmation by identification
uidA gene specific for E. coli J
y

Molecular confirmation by invA
gene-specific for Salmonella spp.

3.2.5.4. Molecular confirmation of isolates

Presumptive colonies of E. coli and Salmonella spp. were confirmed using
PCR targeting uidA gene and invA genes, respectively. The PCR mixture was
prepared for amplification of the respective genes separately in a 0.2 mL PCR tube
as mentioned in Table 6. The mixture was tapped thoroughly and spun in a
microcentrifuge to settle the reagents to the bottom. PCR reaction was performed
in an automated thermal cycler (Bio-Rad, USA) with a preheated lid. Reference
strains, described in section 3.1.1 were used for optimizing primer pairs. Based on

the trials, factors such as primer sets, annealing temperature, and PCR cycles were
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varied to arrive at an optimum PCR condition. The cycling conditions for various

genes under study are detailed in Table 6.

3.2.5.4.1. Reconstitution of primers

The lyophilized primers were reconstituted in the required volume of Tris-
EDTA buffer (TE, pH 8.0) to make a stock solution of 1200 pmol/uL concentration.
The reconstituted primers were stored at -20°C. A working solution with a
concentration of 10 pmol/uL was prepared using sterile nuclease-free water
(Invitrogen™). Reconstituted primers (stock and working) were stored at -20°C till

further use.
3.2.5.4.2. Extraction and quantification of genomic DNA of standard cultures

The standard DNA of enteric bacterial pathogens mentioned in section 3.1.1
was used for the standardization of PCR. DNA was extracted using Genomic DNA
Extraction kit (Origin™), and phenol-chloroform method. The isolated DNA of
standard cultures was quantified by a nano-drop 2000C spectrophotometer (Thermo
Scientific, USA).

Steps for isolation of genomic DNA from bacterial suspension cultures (as per

manufacturer’s instruction)

1- The culture was prepared by inoculating the isolate in nutrient broth (Hi-
media, India) and incubated at 37°C for 24h.

2- Pipetted 1.5 ml of bacterial culture into a 2 ml microcentrifuge tube,
centrifuge at 12000 rpm for 1 min and discarded the flow-through.

3- Added Buffer GA (supplied in the DNA Mini Kit) to make up the final
volume to 200 pl.

4- Added 20 pl of proteinase K, mixed by vortexing, and incubated at 56°C
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until the cells are completely lysed. Vortexed occasionally during
incubation to disperse the sample or place in a shaking water bath or on a

rocking platform.

Centrifuged the 1.5 ml microcentrifuge tube to remove drops from the inside
of the lid.

Added 200 pl of Buffer GB to the sample, mix by pulse-vortexing for 15
sec, and incubate at 70°C for 10 min to yield a homogenous solution and

centrifuged the tube to remove drops from inside the lid.

Added 200 pl of ethanol (96-100 per cent) to the sample and mixed by
pulse-vortexing for 15 sec. Centrifuge the 1.5 ml microcentrifuge tube to

remove drops from inside the lid.

Carefully applied the mixture from step 7 (including the precipitate) to the
Mini spin column (placed in a 2 ml collection tube) without wetting the rim.
Closed the cap, and centrifuged at 12000 rpm for 30 sec. Placed the Mini
spin column in a clean 2 ml collection tube, and discarded the tube

containing the filtrate.

Carefully opened the Mini spin column and added 500 pl Buffer GD without
wetting the rim. Closed the cap, and centrifuge at 12000 rpm for 30 sec.

Carefully opened the Mini spin column and added 700 ul Buffer PW
without wetting the rim. Closed the cap, and centrifuged at speed (12,000
rpm) for 30 sec.

Added 500 pl Buffer PW to spin column and centrifuge at 12000 rpm for
30sec. Discarded the flow-through and place the spin column into the

collection tube.

Centrifuged at 12000 rpm for 2 min additionally to eliminate the chance of
possible Buffer PW carry over.
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13- Placed the mini spin column in a clean 1.5 ml microcentrifuge tube, and

discarded the collection tube containing the filtrate.

14- Carefully open the mini spin column and added 100 pl Buffer TE. Incubated
at room temperature for 2 min, and then centrifuged at 12000 rpm for 2 min.

15- Stored the bacterial genomic DNA at -20°C till further use.
3.2.5.4.3. Submarine gel electrophoresis

Agarose gel of 1.5 per cent concentration was prepared with 1X TAE buffer
and ethidium bromide was added at a concentration of 0.5 pg/mL. The 10 uL of
PCR product mixed with 2uL of 1X gel loading dye (Invitrogen™) was loaded into
the agarose gel wells. Three microliters of 100 bp plus DNA marker ladder and 5

pL of 100 bp DNA marker ladders were used as molecular weight markers.

Table 5. Components of PCR reaction mixture

Components Quantity (20uL) Final

concentration

2X PCR Master Mix 10.0 pL 1X
10pL forward primer 0.8 pL 0.2 uM
10pL reverse primer 0.8 pL 0.2 uM
Templet DNA 2.5 uL 1-500ng
Nuclease free water To make the final

volume 20 pL
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Table 6. PCR Cycling conditions used for Genus specific gene for E. coli and Salmonella spp.

Process
Repeat 35
Organisms | Oligonucle Initial Denaturation Annealing Extension cycles from Final
otides Denaturation denaturation Extension

Temp | Time | Temp | Time | Temp | Time | Temp | Time | to extension | Temp | Time
(°C) | (min) | (°C) | (Sec) (°C) | (Sec) (°C) | (Sec) (°C) | (min)

Escherichia uidA 94 5 94 40 55 40 72 50 72 5

coli

Salmonella invA 94 5 94 50 56 60 72 60 72 5

ov
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3.2.6. Characterisation of ESBL- and Carbapenemase- resistant isolates
3.2.6.1. Phenotypic characterisation

The antibiotic susceptibility testing for confirmed E. coli and Salmonella
spp., isolates were carried out as per the guidelines provided by Clinical Laboratory
Standards Institute (CLSI, 2018). E. coli ATCC 25922 was used as the quality
control strain. The commercial antibiotic discs namely, Cefotaxime (CTX, 30 pg),
Ceftazidime (CAZ, 30 pg), Ceftazidime/ Clavulanic acid (CAC, 30/10 pg), and
Cefotaxime / Clavulanic acid (CEC, 30/10 pg) were used for the detection of ESBL-
producing ability using double-disc synergy test (DDST), whereas Ertapenem
(ETP, 10 pg), Doripenem (DOR, 10 pg), Meropenem (MRP, 10 pg) and Imipenem

(IPM, 10 pg) were used for the detection of carbapenem resistance.

A loopful of pure culture was streaked onto nutrient agar and incubated at
37°C for 24 h. A single colony from the nutrient agar plate was transferred to 1 mL
of phosphate-buffered saline (PBS) in a 1.5 mL microcentrifuge tube and vortexed
thoroughly to obtain an optical density equivalent of 0.5 McFarland Units or 1.5

x108 CFU/mL, approximately for each test isolate.

A sterile cotton swab was used to spread inoculums with an optical density
adjusted to 0.5 McFarland Units evenly on Mueller-Hinton (MH) agar plate for both
E. coli and Salmonella spp. Antibiotic discs were placed on inoculated agar surface
at about two to three centimeters apart with gentle pressure and incubated overnight
at 37 °C for 16 to 18 hours. The zone of inhibition was measured for each antibiotic,
initially for the quality control strain and subsequently for all test strains.

For ESBL testing, a standard double-disc diffusion synergy test was carried
out for the isolates using both Cefotaxime and Ceftazidime, alone and in
combination with clavulanate. An increase in the zone diameter of >5 mm for either
of the antimicrobial agents tested in combination with clavulanate versus the zone
diameter of the agent when tested alone was graded as ESBL producers. For

carbapenem antibiotics, the obtained zone of inhibition diameters of the isolates
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was compared with interpretative categories described in Table 9 to grade the test
isolates as sensitive (S), intermediate (1), and resistant (R) for the respective
antibiotics for phenotypic identification of carbapenem-resistant genes (CLSI,
2018).

Table 7. Antibiotic discussed for initial screening and

confirmation of ESBL production

SI.No. Antibiotics Abbreviation Concentration | Kit code
(mcg/unit) No.
Screening
1. Cefotaxime CTX 30 |
2. Ceftazidime CAZ 30 11
Confirmation
3. Cefotaxime/cl CEC 30/10 |
avulanicacid
4, Ceftazidime/cl CAC 30/10 1l
avulanicacid

Table 8. Zone diameters for interpretation of ESBL

Antibiotic disc | Zone diameter
Screening
Cefotaxime <27 mm
Ceftazidime <22 mm
Confirmation

Cefotaxime/clavulanicacid A difference in the zone of inhibition

Ceftazidime/clavulanicacid of =2 5mm of cephalosporin discs and
their cephalosporin+ CA containing
discs
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Table 9. Interpretive Categories and Zone Diameter Breakpoints (mm) of

carbapenem antibiotics

Antibiotic disc Sensitive (S) | Intermediate (1) Resistant (R)
Doripenem (10 pg) >23 20-22 <19
Ertapenem (10 pg) >22 19-21 <18
Imipenem (10 ug) >23 20-22 <19
Meropenem (10 pg) >23 20-22 <19

3.2.6.2. Genotypic characterisation

The reference strains, described in section 3.1.1 were used for optimizing
primer pairs. Based on the trials, factors such as primer, annealing temperature, and
PCR cycles were varied to arrive at an optimum PCR condition. The combined
isolates of E. coli and Salmonella spp. were characterized for the presence of ESBL-
producing genes viz., blactx-m, blasny, blatem. PCR conditions and oligonucleotide
sequences used for the multiplex PCR for the detection of carbapenemase genes are

outlined in Table 1 and 10, respectively.

Multiplex PCR has been carried out for the detection of Carbapenemase-
producing genes viz., blanowm, blaive, bla oxa-4g using an automated thermal cycler
(Bio-Rad, USA). The multiplex PCR reaction was performed in Verity 96 well
Thermal Cycler PCR System (Applied Biosystems). The multiplex PCR reaction
mixture consisted of 10 uL 2x PCR Master Mix (Takara) containing TagDNA
Polymerase, buffer, MgCl, and dNTPs; 0.8 pL each of forward and reverse
primers (10 puL), 3 uL DNA template and 7.2 pL nuclease-free water to get a final
volume of 25pL. The PCR mixtures were subjected to the following cycling
conditions: initial denaturation (94°C/5 min - 1 cycle) followed by denaturation
(95°C/60 sec), annealing (55°C/60 sec), extension (72°C/60 sec), final extension
(72°C/10 min) and holding at 4°C. Required amplification was attained through

35 cycles of PCR. Five microliters of the amplified product were subjected to
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electrophoresis in 1.5 per cent agarose gel dissolved in 0.5X TBE buffer, stained
by ethidium bromide (0.5 mg/mL). PCR conditions and oligonucleotide
sequences used for the multiplex PCR for detection of carbapenemase genes are

outlined in Table 1 and 11, respectively.
3.2.7. Statistical analysis

The data obtained were subjected to statistical analysis following
procedures described by Snedecor and Cochran (1994) using the SPSS software

version 24.0.
3.2.7.1. Chi-square analysis

Univariate analysis for predictor categorical variables with dependent
multilevel antibiotic susceptibility was performed using Pearson’s chi-square
analysis. Univariate analysis was also performed for predictor categorical variables
and binary antibiotic susceptibility patterns. Initially, a chi-square test was
performed with a three-level susceptibility pattern (O - sensitive; 1- resistant; 2-
intermediate) and variables to assess the association between them. Another chi-
square analysis with a binary outcome (0 - sensitive; 1- resistant) and variables. The
isolates which were showing intermediate sensitivity were clubbed together with
the sensitive category for use in the binary logistic regression model to calculate the

relationship with different factors.



87

Table 10. Standardization of PCR for ESBL genes

PCR
. blactx-m blasHv blatem
conditions
Process Temp Time Temp Time Temp Time
(0) (min) (°C) (min) (°C) (min)
Initial
denaturation 94 5 94 5 94 5
Denaturation 94 1 94 1 94 1
Annealing 56 1 56 1 56 1
Extension 72 1 72 1 72 1
The repeated cycle of denaturation to extension 35 cycles

Final
extension 72 5 72 5 12 5
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Table 11. Standardization of PCR for carbapenem-resistant genes

Process
Initial Denaturation JAnnealing Extension Final
extension
Oligonucleoti|Denaturation Repeat
des from
Temp |Time| Temp | Time [Temp|Time [Temp|Time | cycle |Temp|Time
(min) (Sec) (Sec) (Sec) | of | (°C) |(min)
denatur
blanpm ation to
95 5 95 60 55 60 72 60 |extensi| 72 10
b|ao>(A.48 and on 40
blamp cycles
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4. RESULT

The present study was envisaged to evaluate the prevalence of major enteric
bacterial pathogens from pigs and house fly (Musca domestica) of Wayanad
district, and to characterize the carbapenem and ESBL producing ability of these
isolates. Samples comprised of faecal samples/faecal swabs collected from pigs
from different farm units as well as samples of houseflies (Musca domestica) near
the farm premises of Vythiri, Sultan Bathery and Mananthavady taluks of Wayanad
district. House fly samples from non-farm settings was also evaluated in order to

compare possibilities of AMR gene carrying from farm settings.

4.1. ISOLATION AND MOLECULAR DETECTION OF E. coli AND Salmonella
spp.

The study comprised of a total of 210 faecal samples from five pig farms (42 each)
and 30 pools of housefly samples (15 from farm settings and 15 from non-farm
settings). All the samples were screened for E. coli and Salmonella spp. using 'gold
standard' cultural methods and further confirmed by using molecular methods.

4.1.1. Isolation of enteric bacterial pathogens by culture method

Isolation and identification of E. coli and Salmonella spp. was carried out observing
standard protocol (section 3.2.5). Initially, the samples were inoculated in BPW for
enrichment and incubated at 37°C for 18 h. Subsequently, the enriched cultures
were streaked onto MacConkey agar plates (Fig.2) to distinguish lactose fermenting
colonies (E. coli) and non-lactose fermenting (Salmonella spp.) colonies. Selective
isolation of lactose fermenters (LF) and non-lactose fermenters (NLF) were carried
out by streaking on to selective plates. For E.coli, EMB agar was used, where the
organism showed blue-black colonies with greenish metallic sheen (Fig.3) and for
Salmonella, XLD agar was used where the organism showed characteristic red
coloured colonies with black center (Fig.4).
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Fig.2. Characteristic colonies of coliforms on MacConkey agar (A- Lactose
fermenting colonies and B-Non-lactose fermenting colonies)

Fig.3. Characteristic colonies of E. coli on EMB agar showing blue-black
colonies with greenish metallic sheen
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Fig.4. Characteristic colonies of Salmonella spp. on XLD agar showing red
colonies with black center

4.1.2. Molecular confirmation of E. coli and Salmonella spp. in pig faecal
sample

The standardized PCR was used for the identification of E. coli (uidA) and
Salmonella (invA) from pig faecal samples and house fly samples. The positive

isolates were further screened for ESBL and carbapenemase-producing genes.

A) Occurrence of E. coli

The result of Amplification of uidA gene of E. coli in various samples is shown in
Fig.5. Out of 210 faecal samples analyzed, E. coli was confirmed in farms IV and
V (100 per cent), farm III (97.60 per cent), farms I and II (92.90 per cent). The
overall recovery rate of E. coli from pig farms is 203 out of 210 samples (96.67 per
cent). The details are given in Table 12.
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B) Occurrence of Salmonella

The result of amplification of invA gene of Salmonella spp. is shown in Fig.6. Out
of 210 faecal samples analyzed, Salmonella spp. was confirmed highest in farm IV
(28.60 per cent), in the case of farms I, III, and V the recovery rate is six out of 42
samples (14.30 per cent). The recovery rate was lowest in samples from farm II
where only three Salmonella spp. were isolated. The details of Salmonella spp.
identified through PCR is given in Table 13.

4.1.3. Molecular confirmation of E. coli and Salmonella spp. from entrapped
houseflies in farm setting

A total of 30 pools of houseflies were entrapped from pig farms and non-
farm settings, and were screened for the occurrence of E. coli and Salmonella spp.
From the fly traps, only houseflies were segregated from other insects by
morphological characteristics and wing pattern structure. Wing pattern of the
housefly comprised of M1+2 veins curves forward distally and the R 5 (first

posterior cell/apical cell is nearly closed).

A) Occurrence of E. coli

Out of 15 pools of houseflies examined from five farms, the recovery rate of E. coli
was 100 per cent. The details are enlisted in the Table 12.

B) Occurrence of Salmonella spp.

Out of the 15 pools of houseflies examined, the recovery rate of Salmonella spp.
was comparatively low. Only two Salmonella-positive isolates were recovered
(13.33 per cent). The details are given the Table 13.

4.1.4. Molecular confirmation of E. coli and Salmonella spp. from entrapped
houseflies in non-farm settings

Non-farm settings are mainly comprised of areas (such as canteen, hotel etc.) where
human activity was more. The area of sample collection was set in a way that the
distance between the farm is comparatively higher, which means more than five

kilometers. The non-farm settings include nearby college canteen, hostel, human
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settlements, etc. the collection point is set where the houseflies are occurring
abundantly.

A) Occurrence of E. coli

Out of the 15 pools of house flies collected from non-farm settings, E. coli was

confirmed in all 15 pools. The data is given in Table 12.

B) Occurrence of Salmonella spp.

The present study could detect three positive isolates of Salmonella spp. from 15
pools of houseflies from non-farm settings. The recovery rate of Salmonella spp.

from non-farm settings was 20 per cent. The details are given in Table 13.
4.1.5. Biochemical confirmation of E. coli and Salmonella spp. isolates

All the isolates of E. coli and Salmonella spp. confirmed by PCR was also checked
and confirmed by biochemical characteristics specific to organisms and the positive
isolates were subcultured for further examination of AMR characterization (using

phenotypic and genotypic methods).
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Fig.5 : PCR amplification of uidA gene of E. coli
Lane M : 100 bp DNA marker

Lane P : Positive control of uidA gene

Lane N : Non-Template control

Lanes 1-3 : Samples positive to uidA gene at 162 bp

M P N 1 2

500bp
400bp
200bp
100bp

Fig.6 : PCR amplification of invA gene of Salmonella spp.
Lane M : 100 bp DNA marker

Lane P : Positive control of invA gene

Lane N : Non-Template control

Lanes 1-3 : Samples positive to invA gene at 284 bp
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Table 12. Number and per cent of E. coli confirmed by PCR

Sl Type of sample No. of | No. of Positive Isolates
No. samples | Positive (%)
isolates
1. Farm I 42 39 92.90
2. Farm II 42 39 92.90
3. Farm III 42 41 97.60
4. Farm IV 42 42 100
5. Farm V 42 42 100
6 | House Fly -Farm Setting 15 15 100
7 Housefly Pool Non- 15 15 100
Farm Setting
TOTAL 240 233 96.70
Chi-square value 6.798"
p-value 0.147™

ns-non significant

Table 13. Number and per cent of Salmonella spp. confirmed by PCR

Sl Type of sample No. of Positive Positive Isolates
No. samples isolates (In %)
1. Farm I 42 6 14.30
2. Farm II 42 3 7.10
3. Farm III 42 6 14.30
4, Farm IV 42 12 28.60
5. Farm V 42 6 14.30
6 House Fly -Farm 15 2 13.30
Setting
7 | Housefly Pool Non- 15 3 20
Farm Setting
TOTAL 240 38 15.70
Chi-square value 7.766"
p-value 0.101™

ns-non significant
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4.2. ANTIBIOTIC SUSCEPTIBILITY STUDIES OF ISOLATES

The antibiotic susceptibility of the recovered isolates was carried out as per CLSI
(2018) and were characterized for their ESBL production by phenotypic screening
through standard disc diffusion method and genotypic screening through PCR. The
resistance pattern to third-generation cephalosporins was assessed by using sterile

antibiotic discs that are routinely used in human and animal therapeutics.

4.2.1. Phenotypic Characterization of Recovered Isolates for ESBL Production

In vitro antibiotic resistance pattern of the E. coli and Salmonella spp. isolates were
determined by disc diffusion method of Bauer (1966). They were tested against
commonly used antibiotics viz, ceftazidime (CAZ, 30 ug), cefotaxime (CTX, 30
Mg), Ceftazidime/ Clavulanic acid (CAC 30/10 pg), and Cefotaxime / Clavulanic
acid (CEC 30/10 pg). A standard double-disc diffusion synergy test was carried out
for the isolates using both Cefotaxime and Ceftazidime, alone and in combination
with clavulanate. An increase of >5 mm in zone diameter for either antimicrobial
agent tested in combination with clavulanate versus the zone diameter of the agent
when tested alone. The phenotypic characterization of E. coli and Salmonella spp.
for ESBL production is listed in Fig.7 and Fig.8.

4.2.2. Phenotypic Characterization of Recovered Isolates of pig faecal sample
for ESBL Production

A) ESBL producing E. coli

E. coli isolates recovered from various pig farms were characterized phenotypically
for ESBL production by standard disc diffusion method. The results of antibiotic
susceptibility pattern of E. coli isolates are shown in Table 14. It was observed that
the isolates exhibited phenotypic resistance pattern to third generation
cephalosporins- cefotaxime and ceftazidime, and their clavulanic acid

combinations.

Phenotypic ESBL characterization of 203 E. coli positive isolates recovered from
pig faecal samples revealed that maximum resistance was observed for the
ceftazidime and cefotaxime, in the descending order. Moreover, the isolates were

sensitive to Ceftazidime/ Clavulanic acid and cefotaxime/ clavulanic acid
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respectively in the descending order. The maximum ESBL phenotypic resistance is
exhibited by farms - III and I'V and the least phenotypic resistance is shown by farm
L.

B) ESBL producing Salmonella spp.

Following to CLSI (2018), the phenotypic characterization of ESBL- producing
Salmonella spp. was evaluated, and result indicated that Salmonella positive
isolates showed antibiotic resistance. Higher resistance towards third-generation
cephalosporin is seen in farm IV. Out of 38 Salmonella spp. positive isolates from
210 samples screened, 15 were ESBL producers (45.50 per cent). The details are
given in Table 15.

4.2.3. Phenotypic Characterization of Recovered Isolates for ESBL Production
in house flies entrapped from farm settings

The isolates of E. coli (n=15) and Salmonella spp. (n=2) recovered from farm
settings were screened for ESBL production. The total ESBL production among E.
coli isolates was nine out of 15 isolates (60 per cent). One out of two Salmonella

spp. isolates was showing ESBL production phenotypically by disc diffusion.

A) ESBL producing E. coli
Among the 15 E. coli isolates from house flies in farm settings, 60 per cent of the
isolates showed phenotypic resistance to ESBL. Higher resistance was shown for

cefotaxime followed by ceftazidime. The details are given in Table 16.

B) ESBL producing Salmonella spp.

From the recovered two Salmonella spp. isolates, one sample was found resistant
to cefotaxime. The single isolate recovered was also found to be ESBL producer.
The details provided in Table 17.

4.2.4. Phenotypic Characterization of Recovered Isolates for ESBL Production
in house flies entrapped from non-farm settings
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The isolates of E. coli (n=15) and Salmonella spp. (n=3) recovered from non-farm
settings were screened for phenotypic assessment of ESBL production. The total
ESBL producers among E. coli isolates was found to be six out of 15 isolates (40
per cent). One out of three Salmonella spp. isolates showed ESBL producing
ability.

A) ESBL producing E. coli

Among the 15 E. coli isolates from house flies in farm settings, six samples showed
phenotypic resistance to ESBL (40 per cent). Higher resistance was shown for

cefotaxime followed by ceftazidime. The details are given in Table 16.

B) ESBL producing Salmonella spp.
From the recovered three Salmonella spp. isolates, the phenotypic assessment
revealed one sample resistant to cefotaxime. One isolate was found as ESBL

producer (33.33 per cent). The data is given in Table 17.

Table 14. ESBL- producing E. coli isolates detected by disc diffusion method in pig
faecal samples

Farm | No. of E. CTX CEC CAZ CAC | ESBL
_ coli S TTR|INS[S|S[1]R/[NS]S
isolates

Farm | 39 26 | 3 | 10 22 | 17| 31 | 3 5 26 | 16 14

Farm 39 10| 6 | 23 | 34 5 | 23] 6 8 38 | 4 20
11

Farm 41 11 | 8 | 22 39 2 (229110 36 | 5 25
I

Farm 42 8 19125 | 39 3 |12 (12| 18 | 39 | 3 25
v

Farm 42 17 | 2 | 23 | 40 2 (19| 4119 39| 3 24
\%

Total 203 72 128 | 103 | 174 | 29 | 107 | 34 | 60 | 178 | 31 | 108

Chi-square test 35.068 32.566 40.178 27.21 8.50™

P value 0.00 0.00 0.00 0.001° 0.07™
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*CTX- Cefotaxime, CEC- Cefotaxime + Clavulanic acid, CAZ-Ceftazidime, CAC-

Ceftazidime + Clavulanic acid combination, S- Sensitive, I- Intermediate, R-

Resistant

Table 15. ESBL-producing Salmonella spp. isolates detected by disc diffusion
method in pig faecal samples

Farm | No.of | CTX CEC | CAZ CAC | ESBL
isol
IS01ateS s T TR INSTs |s [T R INSIS
Farm 1 & 12 |1 |3 |6 |04 |0 216 |0 |4
Farm 11 3 1 |2 |0 |3 |0l2 |ol1 (3 [0 |1
Farm 111 6 2 2 2 5 1 1|5 1 |0 |6 0 2
FamIV | 12 12 |4 |6 |12 10 |6 |5 |1 |10 |2 |6
Farm V 65 13 |1 |2 |3 135 (11014 |2 |2
Total 33 |10 |10 |13 |29 |4 |22 |7 |4 |29 |4 |15
Chi-square test 12.605® | 8.665™ | 19.00™ 6.117™ | 5.744™
P value 0.398° |0.07™ | 0.086™ 0.101 | 0.219™

ns-non significant

*CTX- Cefotaxime, CEC- Cefotaxime + Clavulanic acid, CAZ-Ceftazidime, CAC-
Ceftazidime + Clavulanic acid combination, S- Sensitive, I- Intermediate, R-

Resistant
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Fig.8 : ESBL producing Salmonella spp. showing drug resistance
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Table 16. ESBL-producing E. coli isolates detected by disc diffusion method
in housefly samples

Sl. No. of E. | CTX CEC CAZ CAC ESBL
farm coli

No isolates |5 T} NS[S |S |1 [R |NS

1 | Non-Farm | 15 10 |2 13 |2 |10 |2 |3 |12 |3 |6
setting

2 | Farm 15 6 |5 1510 |2 |2 |10 |15 (0 |9
setting
Total 30 16 |7 28 |2 |13 |4 |13 |27 |3 |15

Chi-square value 2.429™ 2.143™ | 7.538™ 3.333™ | 1.20™

p-value 0.297™ 0.143™ | 0.023" 0.068™ | 0.27™

ns-non significant

Table 17. ESBL-producing Salmonella spp. isolates detected by disc diffusion method
in housefly samples

No. of |CTX CEC CAZ CAC ESBL
SI. | farm Salmonel
No. la S |1 NS S|l |[R|NS|S
isolates
1 Non-Farm 3 0|1 3 2 |10 |3 |0 1
setting
2 Farm 2 0|1 2 11110 |2 |0 1
setting
Total 5 012 5 3 12 1|0 (5 |0 2
Chi-square test 2.99™ 0.299™
P-value 0.861" 0.861"

ns-non significant
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4.3. GENOTYPIC CHARACTERIZATION OF RECOVERED ISOLATES FOR
ESBL GENES

The DNA was extracted using Origin genomic DNA kit from a total of 271 E. coli
and Salmonella spp. isolates obtained from pig feacal swabs, and housefly samples
in farm settings and non-farm settings. The extracted DNA from animals and pig
was used as template for PCR reactions for genotypic detection and confirmation
of ESBL producing genes (blacrx, blarem, blasny). All the isolates were evaluated
and positive isolates showed PCR amplicon band size at 847bp for blarem (Fig.10),
550 bp for blactx (Fig.9), 214 bp for blaskv (Fig.11).

4.3.1. Genotypic characterization of E. coli isolates for ESBL genes

The present study screened 203 E. coli isolates obtained from pig faecal samples
and 30 E. coli isolates obtained from houseflies in farm and non-farm settings for

the presence of ESBL-producing genes.

4.3.1.1. E. coli isolates recovered from pig faecal sample

From the E. coli isolates screened, the occurrence of bla ctx-m gene was 48.60 per
cent (102/203 in numbers) and that of blarem gene was 43.80 per cent (92/203 in
number). A lower percentage of blasnv gene, that was 10.50 per cent (22/203 in
numbers) was detected. Separate farm wise details of ESBL genes are given in the
Table 18. A higher percentage of blactx-m gene was recorded in farm I; Whereas
farm III recorded a maximum number of blasyv genes. However, farm IV had a
higher number of blatem genes. The presence of one or more ESBL-producing

genes in the same organism is detailed in Table 23 and 24.

4.3.1.2. E. coli isolates recovered from house flies in farm settings

The present study isolated 15 E. coli from 15 pools of houseflies samples entrapped
from five different pig farms across Wayanad. Of this, 80 per cent (12 numbers) of
isolates were found to be ESBL producers that harboured at least one ESBL
producing gene. Results revealed that 60 per cent of isolates were positive for
blactx-m and blasny and 46.70 per cent of isolates were blatem gene. The data is
enlisted in the Table 20.
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4.3.1.3. E. coli isolates recovered from house flies in non-farm settings

E. coli was isolated from 15 pools of housefly samples entrapped from five different
pig farms across Wayanad. Of this, 66.67 per cent (10 numbers) of isolates were
found to be ESBL producers that harboured at least one ESBL-producing gene. The
findings revealed that 33.33 per cent (five numbers) of isolates were positive for
blacTx-m, 20 per cent (three numbers) of isolates were positive for blasnyv and 33.33
per cent (five numbers) of isolates were found positive for blatem gene. The details

are summarised in Table 20.

4.3.2. Genotypic characterization of Salmonella spp. isolates for ESBL
production

A total of 33 Salmonella spp. isolated from pig faecal samples and five isolated
from houseflies in farm and non-farm settings were screened for the occurrence of

gene encoding ESBL production and results are shown below.

4.3.2.1. Salmonella spp. recovered from pig faecal sample

The Salmonella spp. isolated (n=33) from the pig faecal samples were screened for
the occurrence of ESBL genes. Out of 33 samples, 48.48 per cent were positive for
blactx-m (16/33 numbers). This study recorded 57.57 per cent of blarem genes
(19/33 in numbers). This study also detected a lower percentage of blasnv genes
(12.12 per cent). Of the total samples screened, 24 samples contained at least one
ESBL encoded gene (72.72 per cent). The details are mentioned in the Table 19.

4.3.2.2. Salmonella spp. recovered from house flies in farm settings

The recovery rate of Salmonella spp. from houseflies in farm settings was
comparatively lower. Out of the two Salmonella spp. screened for ESBL production
both were found to be ESBL-producing genes. Of this, one isolate contains bla crx-
m and the other isolate contained blasnv gene. The data is shown in the Table 21.



62

4.3.2.3. Salmonella spp. recovered from house flies in non-farm settings

Three Salmonella spp. isolates were obtained from houseflies in non-farm settings.
All three isolates contained at least one ESBL encoded gene. The results revealed
that two isolates contain both blarem and blasnv genes, while one isolate was
positive for blactx-m gene. The details are mentioned in the Table 21.

M 2 3 4 P N

1000bp

600bp —
500bp

Fig.9 : PCR amplification of blactx-m gene
Lane M : 100 bp DNA marker

Lane P : Positive control of blactx-w gene
Lane N : Non-Template control

Lanes 1-4 : samples positive to blactx-m gene at 550bp
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Fig.10 : PCR amplification of blarem gene
Lane M : 100 bp DNA marker

Lane P : Positive control of blatem gene
Lane N : Non-Template control

Lanes 1-2 : Samples positive to blatem gene at 847 bp

847bp
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300bp
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p 214bp

Fig.11 : PCR amplification of blasnv gene

Lane M : 100 bp DNA marker
Lane P : Positive control of blasnv gene
Lane N : Non-Template control

Lanes 1-2 : Samples positive to blasyv gene at 214 bp
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Fig.12: ESBL-producing E. coli isolates (%) from pig faecal samples

Table 18. ESBL-producing E. coli isolates from pig faecal samples

SI. | Farm | No. of | blacTtx-m blaspyv blatem
No E. coli
isolate | Posi | Percent | Positi | Percent | Positi | Percent
S tive | age (%) | ve age (%) | ve age (%)
1 | Farm 39 23 54.80 2 4.80 16 38.10
1
2 | Farm 39 19 45.20 5 11.90 16 38.10
11
3 | Farm 41 16 38.10 6 14.30 16 38.10
11
4 | Farm 42 20 47.60 5 11.90 24 57.10
v
5 Farm 42 24 57.10 4 9.50 20 47.60
A\
Total 203 102 48.60 22 10.50 92 43.80
Chi-square test 3.927" 2.336™ 4.952"
P-value 0.4162" 0.674™ 0.292"

ns-non significant
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Table 19. ESBL- producing Salmonella spp. isolates from pig faecal samples

Far | No. bla ctx-m blasqv blaTem
m of
isolat | Positiv | Percenta | Positiv | Percentag | Positiv | Percenta
e e ge (%) e e (%) e ge (%)
Far 6 2 33.33 0 0 3 50
m ]
Far 3 2 66.67 0 0 3 100
m II
Far 6 3 50 0 0 3 50
m III
Far 12 6 50 4 33.33 6 50
m
v
Far 6 3 50 0 0 4 50
mYV
total | 33 16 48.48 4 12.12 19 57.57
Chi-square test 3.653™ 16.311* 1.967™
P-value 0.455" 0.003° 0.742"

Table 20. ESBL -producing E. coli isolates from housefly samples

Sl No. blactx-m blasnv blatem
farm | of — — —
N E. Positi | Percent | Positi | Percent | Positi | Percenta
0. coli ve age (%) | ve age (%) | ve ge (%)
isolat
es
1 | Non-
Farm 15 5 33.3 3 20 5 33.3
setti
ng
2 | Farm
setti 15 9 60 9 60 7 46.7
ng
total 30 14 46.7 12 40 12 40
Chi-square value | 2.143™ 5.000™ 0.556"
p-value 0.143™ 0.25™ 0.456™
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Table 21. ESBL-producing Salmonella spp. isolates from housefly samples

SI. | far | No. of | blacrxwm blasnv blatem
N |'m Salmon
0. ella spp. | Positi | Percent | Positi | Percent | Positi | Percent
ve age (%) | ve age (%) | ve age ( %)
1 | Non
Far 3 1 33.3 2 66.60 66.60
m
setti
ng
2 | Far
m 2 1 13.3 1 7.1 00
setti
ng
total 5 2 40 3 60 40
Table 22. E. coli isolates encoding ESBL genes
ESBL No. of Positive genes in house fly
coding positive sample Total
genes genes in pig Farm Non-farm
sample settings settings
blacTx-m 102 (48.60) 9 (60) 5 (33.33) 116
blatem 92 (43.80) 7 (46.70) 5 (33.33) 104
blaskv 22 (10.50) 9 (60) 3 (20) 34
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Table 23. E. coli isolates encoding two ESBL genes

ESBL coding genes No. of Positive genes in house
positive fly sample ( per cent) | Total
genes in pig
sample ( per Fa.rm Non-.farm
cent) settings settings
blactx-m and blatem 80 (39.40) 7(46.67) | 8(53.33) 95
blarem and blasny 18 (8.80) 6 (40) 3 (20) 27
blactx-m and blaskv 16 (7.80) 8(53.33) | 2(13.33) 26

Table 24. E. coli isolates encoding three ESBL genes

ESBL coding genes No. of positive | Positive genes in house
genes in  pig | fly sample ( per cent) | Total
sample ( per cent) | Farm Non-farm

settings settings
blactx-v, blatem and |5 (2.4) 2(13.33) |1(6.67) |8
blaskv

Table 25. Salmonella spp. isolates encoding ESBL genes

ESBL No. of | Positive genes in house fly
coding positive sample ( per cent) Total
genes genes in pig | Farm Non-farm

sample ( per | settings settings

cent)
bla cTx-m 16 (48.48) 1(33.33) 1(33.33) 18
bla tem 19 (57.7) 0 2 (66.66) 21
bla shv 4 (12.12) 1(33.33) 2(66.66) 7
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Table 26. Salmonella spp. isolates encoding two ESBL genes

ESBL coding genes No. of | Positive  genes in
positive house fly sample (%) | Total
genes in pig | Farm Non-farm
sample (%) | settings settings

blactx-m and blatem 13 (39.39) 0 1(33.33) | 14

blatem and blashy 2(6.06) 0 2 (66.67) | 4

blactx-m and blasyy 1(3.03) 0 1(33.33) |2

4.4. ANTIBIOTIC SUSCEPTIBILITY STUDIES FOR CARBAPENEMASE
PRODUCTION

The study comprised of a total of 271 isolates of E. coli and Salmonella spp. that
were screened phenotypically and genotypically for determining the occurrence of
carbapenemase production. The phenotypic assay for carbapenem resistance was
done using the antibiotics namely, meropenem, ertapenem, doripenem, and
imipenem, as per the guidelines of CLSI (2018). The current study focuses on the
genotypic detection of carbapenemase production mainly by screening three genes,

which included blanowm, blaoxa-4g and blaive genes.

4.4.1. Phenotypic Characterization of Recovered Isolates for carbapenemase
production

Out of a total of 271 isolates of E. coli (233) and Salmonella spp. (38) total of 203
E. coli isolates were obtained from pig faecal samples and 30 isolates from house
fly samples (both farm and non-farm settings). Very low level of carbapenem
resistance was shown by isolates of E. coli. The phenotypic assessment of
carbapenem resistance was performed based on the guidelines mentioned by CLSI
(2018).

4.4.2. Phenotypic Characterization of Recovered Isolates for carbapenemase
production in pig faecal sample

Carbapenemase resistance screened among 203 E. coli isolates from pig faecal
samples showed the emergence of less than five per cent resistance to imipenem,

doripenem, ertapenem, and meropenem. When compared to Salmonella spp.
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isolates, none of the samples showed resistance to carbapenem antibiotics. All the
samples were found sensitive to all carbapenem antibiotics under study. Details are
enlisted in Table 28.

4.4.2.1. Carbapenemase-producing E. coli

A total of 203 E. coli isolates were evaluated for carbapenemase resistance.
Resistance to carbapenem antibiotics is found in an increasing order of doripenem,
meropenem (0.40 per cent), ertapenem (0.90 per cent), and highest in imipenem
(1.97 per cent). There was a higher number of intermediate-resistant isolates from

the present study. The details are mentioned in Table 27.

4.4.3. Phenotypic Characterization of Recovered Isolates for Carbapenemase
production in House flies entrapped from Farm settings

Out of 15 E. coli isolates and two Salmonella spp. isolates obtained from houseflies
in farm settings, the following results were obtained. Upon screening four
carbapenem antibiotics in 15 E. coli isolates, none of the samples showed
intermediate or resistance to carbapenem antibiotics. Two isolates of Salmonella
spp. were screened phenotypically for determining carbapenem resistance, both the

isolates were sensitive to the carbapenem antibiotics.

4.4.4. Phenotypic Characterization of Recovered Isolates for carbapenemase
production in house flies entrapped from non-farm settings

Out of 15 E. coli isolates and two Salmonella spp. isolates obtained from houseflies
in non-farm settings were screened for carbapenemase-producing ability.
Phenotypic carbapenem resistance was screened with 15 E. coli isolates, none of
the samples showed intermediate or resistance to carbapenem antibiotics. Three
isolates of Salmonella spp. were screened phenotypically for determining
carbapenem resistance, all three isolates were sensitive to the mentioned

carbapenem antibiotics.
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Table 27. Carbapenemase-producing E. coli isolates detected by double-disc
method in pig faecal samples

SI. No. of | Imipenem Meropenem Dorapenam | Eetrapenam
farm | E. coli
No. isolates S I R[S | R |[S I |[R|S I R

1 | Farm 39 41 11 04| 1| 0| 42 0|0 42 01O
I

2 | Farm 39 32 |6 |13 |6 |1 372|034 4|1
I

3 | Farm 41 30 83,40 |1 | 0|4 0|0 34|41
I

4 | Farm 42 42 1 0| 0|40 | 2 | 0O |42 |0]0] 36 |41

5 II:\;rm 42 42 1 0| 0| 42 | 0| 0|42 0|0 42 |0]O0
TotalV 203 |184 (154 19210 | 1 |{201|2 |0 |193|8 |2
Chi-square test 46.389™ 25.141™ 16.961"™ 25.051"™

P value 0.00 0.014™ 0.031™ 0.015™

ns-non significant
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Table 28. Carbapenemase-producing Salmonella spp. isolates detected by
double-disc method in pig faecal samples

SI. | farm | No. of | Imipenem | Meropenem | Dorapenem | Etrapenem
Salmonella
N S [I'|[R|S Il |[R |S Il |[R |[S I |R
isolates
1 | Farm 6 6/0/0] 6 O[O0 6 |0[0] 6 |0]O0
I
2 | Farm 3 3/0{0] 3 |0(0O] 3]|0|0] 3 |0]0O
II
3 | Farm 6 6 /00| 6 |O[0] 6 |0[0] 6 |0]O0
I
4 | Farm 12 120|012 |0| 0|12 (0| 0|12 0|0
1\
5 | Farm 6 6 /00| 6 |O[0O] 6 |0[0] 6 |0]O0
\%
Total 33 33/0({0(33|0|0|33|]0|0(|33]|0|0
Chi-square test 6.585™ 6.585M™ 6.585M™ 6.585M
P-value 0.160™ 0.160™ 0.160™ 0.160"™

ns-non significant

4.5. GENOTYPIC CHARACTERIZATION OF RECOVERED ISOLATES FOR
CARBAPENEMASE PRODUCING GENES

The DNA extracted was used as the template for PCR reactions for genotypic

detection and gene confirmation of carbapenemase-producing genes (blanpwm,

blaive, and blaoxa-ag). Two (0.90 per cent) isolates showed band at 847 bp for

blaoxa-as (Fig.13). The two carbapenem resistant genes of E.coli was obtained from

the pig faecal samples collected from the farm II. Carbapenem resistant genes could

not be detected in other isolates from pig faecal samples or from housefly samples

(farm or non-farm settings). None of the other carbapenem resistant genes (blanom

and blaivp) could be detected in the present study.
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4.6. ASSESSMENT AND COMPARISON OF ESBL PRODUCTION IN
DIFFERENT FARMS

4.6.1. Comparison of ESBL production in breeding stock and mixed stock

Farm IV was assigned as mixed stock and sample collection in farm V is done in
such a way that all animals were in late pregnancy. Phenotypic assay for ESBL
production in E. coli revealed that more number of ESBL-producing ability in
breeding stock compared to the mixed stock, however the genotypic assessment
confirmed there is no difference in ESBL-encoded genes in E. coli in both farms.
A higher percentage of Salmonella spp. was recovered from mixed stock (farm IV).
On phenotypic characterization, six out of 12 samples (50 per cent) were ESBL
producers in mixed stock. The data is given in the Table 29.

Table 29. Comparative ESBL-producing ability in mixed stock and
breeding stock

SI. | Farm No. of Phenotypic Genotypic assay
No 1sola}tes assay blacren blasay blaren
obtained
ESBL No. of +ve | No. of +ve | No. of +ve
producers isolates isolates isolates
1 | Farm IV | E. coli (42) 25 20 5 24
(Mixed Salmonella 6 6 4 6
StOCk) spp. (12)
2 | Farm V | E. coli (42) 24 24 4 20
(Breedi g imonella 2 3 0 4
ng spp. (6
stock) pp- (6)
Total E. coli (84) 49 44 9 44
Salmonella 8 9 4 10
spp. (18)
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4.6.2. Comparison of ESBL production in animals fed with concentrate and swill feeding

In farm I, samples were collected from pigs completely fed on concentrate and in farm III
samples were from animal fed on swill feeding. Phenotypic characterization showed higher
number of ESBL producing E. coli in pigs that were fed with swill feeding than concentrate
feeding. The result indicated that 20 out of 39 E. coli isolates were phenotypically ESBL
producers in farms where swill feeding is practiced, compared to those farms where concentrate
feeding was followed, 14 out of 39 E. coli isolates were ESBL producers. Genotypic assessment
revealed higher number of blasny gene (5) in swill fed animals than concentrate fed animals
(2). Three Salmonella isolates were recovered from pigs where swill feeding was practiced and
six isolates were obtained from concentrate fed pigs. Phenotypic assessment showed four out
of six isolates were ESBL producers in case of concentrate fed animals, whereas in case of swill
fed animals one out three isolates was an ESBL producer. All the Salmonella spp. isolates from

swill-fed animal carry blatem gene for ESBL production. The details are shown in Table 30.

Table 30. Comparative ESBL-producing ability in swill fed pigs and concentrate fed pig

Sl. | Farm No. of Phenotypic Genotypic assay
No 1solz.1tes assay blactx-m blasuy blatem
obtained
ESBL No. of +ve | No. of +ve | No. of +ve
producers isolates isolates isolates
1 Farm 1 | E. coli (39) 14 23 2 16
(Ctontcen Salmonella 4 2 0 3
rate
spp.(6
feeding) pp-(6)
2 | Farm IV | E. coli (39) 20 19 5 16
(SWIH Salmonella 1 2 0 3
feedlng) spp (3)
Total E. coli (78) 34 42 7 32
Salmonella 5 4 0 6
spp. (9)

mixed stock (farm IV). The ESBL producing E. coli was more in mixed stock disc assay. A
total of 25 out of 49 E. coli isolates from mixed stock are ESBL producers. The occurrence of
ESBL-producing genes in E. coli isolates was found to be the highest in mixed stock, whereas
the weaning piglet stock exhibited presence of blactx-m, blarem, blaskv in the order of 19,16,
and 5 out of 39 E. coli isolates, respectively. Both phenotypic and genotypic characterization
revealed higher percentage of ESBL producers in mixed stock than in weaning piglets. The
details are given in Table 31.
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4.6.4. Comparison of ESBL production in weaning piglets and breeding stock

Samples collected from farm II belonged to weaning piglets, whereas those of farm V belonged
to breeding stock. Phenotypic assessment revealed that 24 out of 42 E. coli isolates were ESBL
producers in breeding stock, which is comparatively higher than weaning piglets. Similar
observations were also noticed on genotypic assessment. Higher number of blactx-m and blatem
genes in order of 24 and 20 out of 42 E. coli isolates were recovered from breeding stock, which
is higher compared to the data obtained from weaned piglets. The details are given in the Table
32.

Table 31. Comparative ESBL-producing ability in weaning piglets and mixed
stock

Sl. | Farm No. of Phenotypic Genotypic assay
No ISOIa_tes assay blacTx-m blasnv blatem
obtained
ESBL No. of +ve | No. of +ve | No. of +ve
producers | isolates isolates isolates
1 | FarmII | E.coli(39) 20 19 5 16
(W.ealn't” Saimonella 1 2 0 3
9Pigiet) | spp. (3)
2 |FarmV | E. coli (42) 24 24 4 20
E}greedl Salmonella 2 3 0 4
. (6
stock) spp- (6)
Total E. coli (81) 44 43 9 36
Salmonella 3 5 0 7
spp. (9)




Table 32. Comparative ESBL-producing ability in weaning piglets and breeding stock
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438 bp

Fig.13 : PCR amplification of blaoxa-4s gene

Lane M : 100 bp DNA marker

Lane P : Positive control of blaoxa-4s gene

Lane N : Non Template Control

Lanes 1&3 : Samples positive to blaoxa-as gene (438 bp)

SI. | Farm | No. of Phenotypic Genotypic assay
No. 'SOIa_teS assay blacTx-m blasHv blatem
obtained
ESBL No. of +ve | No. of +ve | No. of +ve
producers | isolates isolates isolates
1 Farm II | E. coli (39) 20 19 5 16
g\éVeanl Salmonella
spp. (3 1 2 0 3
oiglety | PP (©)
2 Farm E. coli (42) 25 20 5 24
il\\//lixed Salmonella
spp. (12 6 6 4 6
stock) Pp- (12)
Total E. coli (81) 45 39 10 40
Salmonella 7 8 4 9
spp. (15)
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5. DISCUSSION

Antimicrobial resistance (AMR) is one of the arduous public health issues globally, with
10 million deaths and a $100 trillion economic loss predicted by 2050 (O’Neill, 2016). To fulfill
the food security needs of the world's growing population, high-density farming practices as
adopted, which might treble antibiotic use by livestock in developing nations by 2030 (Bellet
and Rushton, 2019). Antibiotics are widely used in food animal populations, putting substantial
selection pressure on pathogens of public health importance (Tiseo et al., 2020). This
contributes to the emergence, dissemination, and maintenance of drug resistant pathogens in
other animals, people, and the environment. AMR has gained traction in human medicine, but
the significance of animal husbandry techniques in combating AMR is still being debated with
minimal understanding among stakeholders, especially in low-income countries. AMR has been
identified as a hotspot in the country's rising intensive farming techniques, with antibiotic use
in food animals expected to increase by 82 per cent by 2030 (VVan Boeckel et al., 2015). Many
recent studies in India have highlighted the necessity for sensible antibiotic usage in the
country's animal health sector, stressing the possibility of antibiotic resistance from foods of
animal origin (Kumar et al., 2019., Abdalla et al., 2022 and Moffo et al., 2022). Although a
"National Action Plan on Antimicrobial Resistance™ has been implemented in India to optimize
antibiotic use in the country, stringent enforcement on the ground is still required.

As per the reports of FAO (2019) globally, pig meat is considered the second most
favored meat for consumption due to its minimum relative prices. In total numbers, global pig
meat production is expected to grow by approximately 11 Mt (9.30 per cent) by 2028
(Tzanidakis et al., 2021). Intensively farmed pigs may act as a potential source of drug-resistant
bacteria due to the use of antibiotics as feed growth promoters or feed additives apart from their
therapeutic purposes. Such antimicrobial agents elicit ‘selection pressure’ on pathogenic
bacteria contributing to the development of anti-microbial resistance (AMR) that can be
critically important in human medicine.

Only a few confirmed occurrences of enteric bacterial pathogens of public health
relevance among animals have been reported in Kerala (Mahesh, 2017). Wayanad district is
located near Kerala's northern border, (on the Western Ghats) and is divided into three taluks:
Vythiri, Mananthavady, and Sulthan Bathery. According to the Department of Animal
Husbandry's report, Wayanad has around 250 registered pig farms. Majority of them are near
the forest buffer zone. Pigs are thought to be a reservoir and amplifier for a variety of zoonotic

diseases, such as Japanese encephalitis.
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Flies are assumed to be the mechanical vectors for the transmission of zoonotic bacterial
diseases, and there is a chance those flies that come into contact with animals and their faeces
may pick up pathogens in their gut and on their skin. Flies are potential reservoirs and vectors
for infections and antimicrobial resistant genes due to their feeding, breeding, and nesting
activities (Rybatikova et al., 2010; Usui et al., 2015). A recent overview of the role of
house flies in the spread of AMR was published, focusing on the medical implications of AMR
in flies as well as investigations on quantitative risk assessment models including vectoral
ability and colonization dose (Onwugamba et al., 2018). Flies are mechanical vectors for the
transmission of zoonotic bacterial diseases, (including transfer of resistant genes) and there is a
chance that frequent interaction with flies would lead to transmission. House flies can
proliferate in the decaying organic debris of livestock farms and have been observed living in
close proximity to animals and human settlements. So, chance of house flies to harbor
antimicrobial resistant genes must be explored. Thus, the goal of this research work was to
investigate the incidence of specific enteric bacterial pathogens such as E. coli and Salmonella
spp. and to determine their ability to produce ESBL and carbapenemase resistance. The study
purposefully chose pig and houseflies as the subjects in order to represent pork meat and

houseflies, both of which have a close relationship with humans.

5.1. ISOLATION AND MOLECULAR DETECTION OF E. coli and Salmonella spp. IN PIG
FAECAL SAMPLE AND FROM HOUSEFLIES.

5.1.1. Isolation and identification by Culture Method

Precise microbiological isolation of specific enteric bacterial pathogens was performed.
Initially, pig faecal samples were pre-enriched for Salmonella spp. in BPW and incubated at
37°C for 18 hours. MacConkey agar was used to differentiate lactose fermenting E. coli
colonies from non-lactose fermenting colonies (Salmonella spp.) in accordance with Nambiar
et al. (2009). After pre-enrichment in BPW, Castagna et al. (2005) revealed that the optimum
approach for isolation of Salmonella spp. is selective enrichment in RV broth followed by
plating onto XLD agar with red colonies with black centres. The investigation followed the
technique outlined in major reference books for pathogen isolation (Barrow and Feltham, 2003).
Molecular analysis will confirmed putative colonies and provided a real picture of the pathogen
of interest. All the 210 faecal samples and 30 pools of housefly samples, the presumptive E.
coli was obtained from 100 per cent of faecal and housefly sample. Presumptive Salmonella

spp. were obtained from 60 per cent faecal sample and 40 per cent housefly samples.
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5.1.2. Rapid Detection of Enteric Bacterial Pathogens in a Single Reaction by PCR assay
A total of 210 faecal samples/swabs from in housed reared pigs and 30 pools of housefly
samples farm and non-farm setting were analysed by using PCR. The results revealed the
occurrence of high proportions of pathogens, especially E.coli among the three taluks of
Wayanad district. The standardized PCR was used for identification of E. coli (uidA) and
Salmonella spp. (invA) from pig faecal samples and house fly samples. The invA gene
encoded for a membrane protein of bacteria, which is necessary for epithelial cells invasion.
PCR targeting invA gene for Salmonella spp. is rapid and is used as a specific detection tool for
Salmonella spp. (Lampel et al., 2000). The protocol that was standardized previously in the
laboratory by Mahesh (2017) was employed for simultaneous detection of pathogens such
as Salmonella spp. (invA), and E. coli (uidA) in the study. Similar studies for detection of
these pathogens was developed by Rodrigues et al. (2004) and Valentin et al. (2014).

5.1.2.1. Occurrence of E. coli

A total of 210 faecal swabs from five different pig farms comprising of 42 sample from each
farm were analyzed across Wayanad. Molecular confirmation of E. coli via gene targeting
uidA gene revealed that out of 210 samples screened, 207 isolates were found positive for E.
coli. On farm wise observation, it was seen that all the samples from farm IV and farm V
were found positive. In other three farms above 90 per cent recovery rate of E. coli isolates
was recorded. Similar specific PCR based studies have been documented by Makhado et
al. (2022), Abdalla et al. (2022), and Chance et al. (2021).

5.1.2.2. Occurrence of Salmonella spp.

For isolation of Salmonella spp. from pig faecal swabs standard procedure mentioned in
reference book are followed. Mainar-Jaime et al. (2008) reported molecular detection of
Salmonella spp. using invA gene which had an accuracy of 91 per cent compared to
conventional microbiological tests. In the study out of 210 samples screened for Salmonella
spp., a total of 33 isolates were Salmonella spp. and were confirmed by amplification of invA
gene. The highest recovery rate is recorded from the farm IV where mixed farm was
practiced. In all other farms the recovery rate was below 20 per cent. This is comparatively
higher when compared to the study conducted by Karabasanavar et al. (2022) and Borah et
al. (2022). Recovery rate of invA gene in other farm animals. In studies conducted by Tiwari
et al. (2021) recorded comparatively lower than present study. The study is in consensus
with the statement of Dang-Xuan et al. (2019) and Ostanello and Lucia, (2020) that there is
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a need of screening the risk factor associated with occurrence of Salmonella spp. in pig farms

with contaminated feed, water and unhygienic floor pens.
5.1.3. Molecular Detection of Enteric Bacterial Pathogens in houseflies
A) Occurrence of E. coli

The study explored the prevalence of E. coli in house flies entrapped from farm and non-
farm settings and no such reports were documented in the study area. Fifteen pools which
contain not less than 10 house flies were sampled from farm and non-farm settings,
separately. From both settings, the recovery rate of E. coli was 100 per cent. Gupta et al.
(2012) stated that houseflies were found in moderate to high numbers in a variety of human
and animal contexts, carrying clinically and veterinary important bacterial species in
abundance. Sobur et al. (2019a) reported a lower percentage of E. coli recovered from house
flies of non-farm settings, and has also stated that housefly trapped from different locations
such as nearby farm, schools, hosiptals etc can habour a higher percentage E. coli with

higher number of antimicrobial resistant gene, which is in agreement with present study.

The flies collected from farm settings showed 100 per cent recovery rated and is in
agreement with the study conducted by Cervelin et al. (2018), Pohlenz et al. (2018), Pawade
et al. (2019). Akter et al.(2020) studied the prevalence of E. coli in houseflies from farm
setting and reported 51.40 per cent recovery rate, that is comparatively lower compared to
this study. Apart of pig farm several other literature (Sobur et al., 2019b; Hamilton et al.,
2021) stated the presence of enteric pathogens in house fly trapped from different farm

settings.
B) Occurrence of Salmonella spp.

Out of 15 pools of houseflies trapped from farm settings, only two (15.7 per cent) Salmonella
spp. isolates were recovered. The present study reported lower percentage of Salmonella
spp. compared to the study conducted by Cervelin et al. (2018), Xu et al. (2018), and
Kababian et al. (2020). Wang et al. (2011) isolated Salmonella spp. from houseflies and
from pigs and is reported to be 26.40 per cent and 19.50 per cent respectively.
Furthermore,the author also stated there is linage in Salmonella strain that are recovered

from pig and houseflies. Above literature confirms the need of phylogenetic analysis.

There are well documented reports detailing the prevalence of enteric pathogens in non-farm
environment (Ommi et al., 2017; Odetoyin et al., 2020). The present study could obtain 20
per cent of Salmonella spp. from house flies entrapped from non-farm settings. Well
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documented reports available (Khamesipour et al., 2018; Kababian et al., 2020; Hassan et
al., 2022) showed higher occurrence of Salmonella spp. from houseflies of non-farm

settings.
5.2. ANTIBIOTIC SUSCEPTIBILITY STUDIES FOR ESBL PRODUCTION

A total of 233 E. coli and 38 Salmonella spp. isolates were examined for AMR pattern by
disc diffusion method as mentioned by CLSI (2018). The antimicrobials used were from the
list of critical group of antimicrobials viz., Cephalosporins (Cefotaxime, Ceftazidime and
their clavulanic acid combination). Almost all the E. coli isolates showed resistance to tested
antibiotics. The results were analyzed as per the CLSI guidelines and manufacturer’s

instructions. Genotypic screening of gene encoded for ESBL production was carried out.

5.2.1. Phenotypic Characterisation of Recovered Isolates for ESBL Production

5.2.1.1. Escherichia coli

The present study reported that 53.20 per cent (108/203) of E. coli isolated from pigs were
ESBL producers which was lower when compared to earlier studies conducted by Brisola et
al. (2019), where in the author had reported 62.10 per cent of E. coli isolates from pigs in
southern Brazil as ESBL producers through antimicrobial susceptibility profiling. Farm III
and farm V had maximum number of ESBL-producing E. coli and the lowest occurrence
was in case of farm-1. Similarly, Kamaruzzaman et al. (2020) reported the occurrence of
ESBL producing E. coli in 48 per cent of housefly sample from farm settings which was
lower when compared to the present study wherein 60 per cent (9/15) of E. coli isolates
recovered were ESBL producers. Where as 40 per cent (6/15) of E. coli isolates that was
recovered from housefly samples (non-farm setting) is higher compared to previous studies
conducted by Natalia et al. (2021), where author reported 35 per cent of ESBL producing E.
coli from house fly samples entrapped from non- farm settings like hospitals, schools etc. in
Poland. The present study observed higher percentage of ESBL-producing E. coli from
housefly trapped from farm setting than non-farm settings, pointing out the chance of getting
of antimicrobial resistance from farms to house fly thereby disseminating to other

environment.
5.2.1.2. Salmonella spp.

As highly sophisticated machinery and processing plant existed to ensure the maximum food
hygiene across the food chain, the trends of occurrence of salmonellosis via food is

increasing drastically (Shen et al., 2022). Non -typhoidal Salmonella spp. (NTS) can harbor
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large scale of antimicrobial resistant gene and can be considered as public health concern
due to spill over of antimicrobial gene to other pathogenic organisms (Wottlin et al., 2022).
The present study explored ESBL production among Salmonella spp. isolates from pig
faecal sample (33/203), housefly sample from farm settings (2/15) and house fly samples
from non-farm setting (3/15). Out of 33 Salmonella spp. isolates recovered from pig faecal
samples, 15 isolates (45.45 per cent) were found to be positive for ESBL production. The
highest number of ESBL production was recorded in farm IV where mixed farming is
practiced. Phongaran et al. (2019) reported a lower percentage (37.5 per cent) of ESBL
production in pigs from Thailand when compared to the present study.

ESBL production assay of Salmonella spp. was revealed, one out of two isolates (50
per cent) recovered from houseflies (farm settings). Akter et al. (2020) also reported the
occurrence of ESBL producers among Salmonella spp. isolates recovered from house flies
of farm settings in Bangladesh as 34.20 per cent. The author also examined samples from
housefly from non-farm settings like from slaughter houses, nearby hospitals, nearby slurry
etc and reported that housefly can harbour large number of Gram-negative organisms and
observed a higher prevalence of resistant genes. in the current study, two out of three
Salmonella spp. isolates from housefly sample of non-farm settings were showing ESBL
production phenotypically. Onwugamba et al. (2020) screened filth flies from environment
sources and found none of the Salmonella spp. isolates found to be ESBL producers. The
authors also reported higher percentage of ESBL E. coli from non-farm settings in Nigeria.

5.3. GENOTYPIC CHARACTERISATION OF RECOVERED ISOLATES FOR ESBL
PRODUCTION

5.3.1. Escherichia coli

Genotypic characterisation of 203 E. coli isolates recovered from pig faecal samples
unveiled that the occurrence of ESBL genes viz., blactx-m, blashv and blatem as 48.60 per
cent, 10.50 per cent and 43.80 per cent, respectively. Similarly, Athanasakopoulou et al.
(2021), Hounmanou et al. (2021), Trongjit and Chuanchuen, (2021), Truong et al. (2021)
had reported that CTX-M variant of ESBL was predominantly isolated from pig and this was
also in accordance with the present study. Li et al. (2021) reported a higher percentage of
blactx-m (70.50 per cent), and blarem (61.19 per cent) from pigs of East China. Of 203 E.
coli isolates screened, 80 isolates contain both blactx-w and blarem encoded gene, whereas
18 E. coli isolates encoded for both blatem and blaswy. From all the E. coli isolates from pig,

only five samples contain blacrx-m, blarem and blasnyv. The occurence of ESBL encoded gene
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in larger numbers may cause wide dissemination of these genes to surrounding environment
and food chain (Liu et al., 2022).

Earlier literature documented the prevalence of ESBL-producing genes among houseflies
trapped nearby farm premises (Gerry, 2020). Higher percentage of blactx-m and bla shv were
recovered from housefly samples. On screening 60 per cent (9/60) of blactx-m and blashv
were isolated. In constrast, Wadaskar et al. (2019) reported lower percentage of prevalence
ESBL encoded genes from houseflies collected from farm permises. ESBL-producing
Enterobacteriaceae are spreading rapidly and have been isolated and identified all over the
world, primarily from LF organisms like E. coli and certain NLF (Samir et al., 2022). Out
of 15 E. coli isolates screened seven (46.67 per cent) isolates contain blactx-m and blatem. In
case of occurrence of bla tem and bla shv in E. coli isolates, six out of 15 isolates (40 per
cent) contain both genes. In addition bla ctx-v and bla syv encoded E. coli isolates was
harboured seen in eight out of 15 isolates (53.3 per cent). Besides, two isolates contained all

the above three genes.

House flies of non-farm setting were also screened to understand the prevalence of
antimicrobial resistant gene especially nearby human dwellings. A prevalence of blactx-m
and blatem was found to be 33.33 per cent (5 out of 15 isolates). The occurrence of bla shv
encoded gene from houseflies collected from non-farm setting is 20per cent (3/15). Wetzker
et al. (2019), Tufa et al. (2020) and Meissner et al. (2022) reported a higher percentage of
above mentioned ESBL-producing genes from house flies of non-farm settings. Out of 15
E. coli isolates screened, eight (53.33 per cent) isolates contain blactx-m and blatem. In case
of occurrence of blarem and blasnv in E. coli isolates three out of 15 isolates (20 per cent)
contained both genes. Two out of 15 isolates (13.3 per cent) of E. coli contain blactx-m and

blasnv encoded genes. The current study found two isolates contain all three genes.
5.3.2. Salmonella spp.

A total of 33 Salmonella spp. isolates were molecularly confirmed after screening 210 faecal
samples from five pig farms across Wayanad district. The determination of ESBL-producing
genes were done by PCR based amplification of blactx-m, blarem and blasny. The study
showed a higher percentage of blatem gene from the isolates. A total of 19 out 33 isolates
were having blatem gene (57.57 per cent), Prevalence of blactx-m gene was seen in 16 out of
33 isolates (48.48 per cent). The overall occurrence of blasnv gene in Salmonella spp. isolates
were lower, and only four isolates showed positive for blasny. Borah et al. (2022) reported
a lower percentage of blatem gene (34.50 per cent) from Salmonella spp. isolates recovered
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from pigs. The present study was in agreement with earlier studies reported by Wang et al.
(2011); Dang-Xuan et al. (2019), Igbinosa et al. (2021). The presence of more than one
ESBL producing gene in Salmonella spp. is also documented (Ainslie-Garcia et al., 2018).
On screening the prevalence of blactx-v and blatem among isolates, 13 isolates revealed the
presence of both of these genes. The bla tem and bla suv was found positive among two
isolates out of 33 samples examined. Only one isolate contained blactx-m and blasnv genes

together.

On genotypic characterisation for ESBL production in Salmonella spp. isolates
recovered from houseflies could detected. From two Salmonella spp. isolates from farm, one
isolate is positive for blactx-m and other showed positive for blasnyv. None of the Salmonella
spp. isolates contained blatem gene. The above findings in the study are comparatively lower
compared to the studies conducted by Forster et al. (2009) and Gioia et al. (2022).

From houseflies collected from non-farm settings, three Salmonella spp. isolates were
recovered. Genotypic screening of ESBL-producing genes revealed the occurrence of blactx-
M, blatem and blasnv in the order of one (33.3 per cent), two (66.66 per cent) and two (66.6
per cent), respectively. The earlier studies on occurrence of MDR-Salmonella spp. in house
fly revealed higher recovery rate of Salmonella spp. which haboured many antimicrobial
genes including ESBL-producing Salmonella spp. (Hassan et al., 2022; Isam-Eldeen et al.,
2022). The present study could also isolate E. coli and Salmonella spp. with higher
prevalence of ESBL producing genes from pig faecal samples and houseflies (farm and non-

farm settings).

5.4. ANTIBIOTIC SUSCEPTIBILITY STUDIES FOR CARBAPENEMASE PRODUCTION

The carbapenem antibiotic class is one of the antibiotics of last resort for treating significant
Gram-negative infections in human medicine. Carbapenemases are beta-lactamase enzymes
produced by bacteria that have the ability to neutralize antibiotics such as penicillins,
cephalosporins, monobactams, and carbapenems, rendering them ineffective when used
(Meletis, 2016). New Delhi metallo-beta-lactamase (NDM), often known as blanpwm, IS
considered to be the most common gene encoding carabpenemase resistance in
Enterobacteriaceae in India (Pawlak et al., 2022). In addition to blanom, the KPC, VIM, IMP,
NDM, and OXA-48 gene types are also frequently reported. Overpopulation, lack of basic
sanitation and access to clean water, tropical climate, and improper antibiotic use control are

factors that contribute to carbapenem resistance. These elements work together to encourage
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the spread of carbapenemase-producing bacteria among humans and animals (Sonnevend et al.,
2022).

5.4.1. Carbapenemase-producing E. coli

Carbapenemase producing Enterobacteriaceae is considered as an important finding where
research and development is needed as the most critical category as per reports of WHO (2017).
Phenotypic characterisation of carbapenem resistance using four antibiotics mentioned in the
CLSI (2018) was performed in the present study (Pruthvishree et al., 2017; Murugan et al.,
2019; Yen et al., 2022). Out of the 203 E. coli isolates recovered from different pigs farms
screened, less than five per cent of sample showed resistance to carbapenem. There are also
increasing number of isolates showing intermediate resistance. This finding recalls the
emergence of carbapenem resistance in pigs in Wayanad. Phenotypic emergence of carbapenem
resistance was also reported by many authors earlier (Murugan et al., 2019; Yen et al., 2022).

None of E. coli isolates recovered from the houseflies in farm setting and non-farm settings
showed resistance against carbapenem antibiotics. All the E. coli isolates recovered from
houseflies showed sensitivity to carbapenem antibiotics. Sobur et al. (2019a), and Karami et al.
(2021) reported the occurrence of carbapenem resistance from houseflies collected from farm
settings. Similarly Kehl et al. (2022) and Pereira et al. (2022) reported the prevalence of

carbapenem resistance from houseflies collected from environment settings.

5.4.2. Carbapenemase-producing Salmonella spp.

All the Salmonella spp. isolates recovered from pig faecal samples and housefly samples (farm
and non-farm settings) showed sensitivity to carbapenem antibiotics. No isolates were found
with intermediate susceptibility or resistance to carbapenem antibiotics. Li et al. (2022) reported
a higher prevalence of carbapenem resistance in Salmonella spp. from pig in China. Similarly
Peng et al. (2022) reported the occurrence of carbapenem resistance in Salmonella spp. from

houseflies collected from farm and non-farm settings.

5.5. GENOTYPIC CHARACTERISATION OF RECOVERED ISOLATES FOR
CARBAPENEMASE PRODUCTION

Out of 203 E. coli isolates screened for carbapenem resistance genes, only two isolates from
farm-II (0.90 per cent) from weaning piglets were found to harbour blaoxa-ss. Nirupama et al.
(2018) reported the occurrence of carbapenem resistance among piglets. None of the other
carbapenem resistant genes-like blanom and blaive could be detected in the present study.
Pruthvishree et al. (2017) and VinodhKumar et al. (2021) reported the presence of carbapenem
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resistance genes mainly blanom and blaoxa-4g from diarrheic piglets across India and from wild
animals, respectively. The present study could not detect any of blanom and blaive from the E.
coli and Salmonella spp. isolates. Gupta et al. (2012), Pawlak et al. (2022), and Shen et al.
(2022) reported the prevalence of carbapenem resistance in Enterobacteriaceae from pig and

houseflies.
5.6. ASSESSMENT OF ESBL PRODUCTION IN DIFFERENT FARMS

The samples collected from farm I and farm III were from pigs completely fed on concentrate
feeds and swill feed, respectively. The faecal swabs from farm II, IV and V were randomly
collected from weaning piglets, mixed age groups and breeding stock, respectively. Farm wise
comparison for ESBL production was done to understand, whether there is any different in
EBSL production during different growth stages, type of feeding etc.

5.6.1. Comparison of ESBL production in breeding stock and mixed stock

In present study, equal number of ESBL producing E. coli were recovered from the pig faecal
sample from mixed reared pigs and from breeding stock by both phenotypic and genotypic
assay. The recovery rate of Salmonella spp. was higher in samples collected from mixed stock
of pig. Gundran et al. (2020) reported higher percentage of ESBL producing E. coli and
Salmonella spp. from breeder pigs of Philippines. Fournier et al. (2021) and Abdalla et al.
(2022) stated that pig reared with high stocking density and mixed reared of pigs can increase

the transfer of antimicrobial resistant genes.

5.6.2. Comparison of ESBL production in animals fed with concentrate feeding and swill
feeding

Phenotypic characterisation for ESBL production in E. coli isolates recovered from pig where
swill feeding is practiced showed higher percentage of ESBL resistance. While screening the
genes (blactx-m, blatem, and blassv) encoded for ESBL production, there is only slight
difference in the occurrence of above mentioned genes recovered from E. coli isolates in both
farms where swill feeding and concentrate feeding was practiced. There is no relevant literature
regarding the comparison between the occurrence of ESBL production in animals fed with
concentrate feeding and swill feeding. The present study could not assess the other risk factors
associated with the emergence of AMR in food animals and it must be done in future to get the
clear picture of how other factors associated with the transfer of resistant genes. Hedman et al.

(2020) reported the emergence of AMR in low resource settings as in poultry farm.
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5.6.3. Comparison of ESBL production in weaning piglets and mixed stock

The present study screened the ESBL producing genes from samples collected from weaning
piglets as one group and from mixed group as others. The observation showed higher
percentage of E. coli isolates from mixed stock than from weaning piglets. Several studies have
shown that the gut microbiome of newborns contained more resistant bacteria than that of
adults, regardless of antibiotic exposure (Parndnen et al., 2018; Yun et al., 2021). The
proportion of blatem gene in E. coli isolates from mixed stock is higher in weaning piglets.
Burow et al. (2019) studied the AMR in E. coli from pigs from birth to slaughter and its relation
with antibiotic treatment. The results of the study showed higher percentage of antimicrobial
genes in weaning piglets regardless of their antibiotic usage. The above finding is contrary to
the present study. There are other reasons to consider piglets that habour more AMR genes
because nursing piglets receive more antimicrobials for growth promotion, therapy, and
prophylaxis than finishing pigs. Furthermore, due to declining passive immunity, mixing of
pigs from different litters or farms, and colonization by resistant organisms, weaners are
younger and more susceptible to enteric diseases (VinodhKumar et al., 2019). Antimicrobials
are used less frequently in finishers, in part because they are so close to being ready for human
consumption that antimicrobial residues in pork are a concern (Antonelli et al., 2019).

5.6.4. Comparison of ESBL production in weaning piglets and breeding stock

Both genotypic and phenotypic characterisation revealed higher number of ESBL-producing E.
coli in samples recovered from breeding stock. There are scarce information regarding the
screening of ESBL resistance in pig during late pregnancy. Out of 39 E. coli sample screened
from weaning piglets, there was higher occurence of ESBL producing gene, where there was a
history of diarrhea and antibiotic therapy. Antimicrobial therapy was regarded to be a
significant control tool for piglets diarrhoea in pig farms. High rate of AMR in bacteria has
emerged as a severe concern in the pig industry as a result of the widespread use of third-
generation cephalosporins as therapy (Li et al., 2021). Cavaco et al. (2008) also reported that
the introduction and spread of ESBL-positive E. coli in piglets has been linked to the misuse
and/or overuse of third-generation cephalosporins. The overall comparison study revealed the
presence of antimicrobial resistant genes in all stages of pig’s life from weaning to breeding
stage, different feeding strategy, different farming practices etc. hence strict biosecurity

measures including hygiene and sanitation should be followed.
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6.SUMMARY

Antimicrobial resistance (AMR) is a global emerging issue of public health concern. Therefore,
National Action Plan on Containment of AMR exist where, it is mandatory to strengthen the
antimicrobial resistance surveillance. The spread of ESBL-producing bacteria has become a
major public health concern due to the obvious limited treatment options. Resistance to beta-
lactam antibiotics has been found to predict resistance to penicillin’s, third-generation
cephalosporins, and monobactam antibiotics. Resistance to f-lactams is primarily caused by the
formation of ESBL enzymes, which breakdown and make B-lactam medicines useless. AMR
has become more common in E. coli and Salmonella as a result of the widespread and
indiscriminate use of antimicrobial drugs for therapy, prophylaxis, and growth regulators.
ESBL and carbapenemase producing bacteria have recently been found in food-producing and
companion animals, as well as farm settings such as waste water and manure. All reports agree
that there is a major public health risk and the likelihood of human infection from animal contact

or consumption of animal products.

In the Wayanad district, there are only a scare information on occurrence of enteric bacterial
resistant pathogens (such as E. coli, Salmonella spp.) in pigs and houseflies. These pathogens
have been found elsewhere in India, although there are few reports of them in house flies.
Antimicrobial resistant bacteria, particularly ESBLS, have emerged as a severe public health

hazard around the world, with their emergence and dissemination across pathogens.

In view of these facts, a research work was designed to explore the AMR in E. coli and
Salmonella spp. isolated from flies trapped at farm premises and fecal samples of the in-house
reared pig from December 2020 to November 2021. A total of 210 representative rectal swabs
of pigs and 30 pools of flies (15 pools from farm settings and 15 pools from non-farm settings)
were collected and processed for bacteriological culture. All the house flies surrounding to farm
premises and non-farm areas were collected using the commercial and traditional methods. E.
coli was recovered from all the housefly (100 per cent) and majority (96.70 per cent) of pig
faecal samples. Whereas Salmonella spp. was isolated from two (13.33 per cent) houseflies
from farm settings, three (20 per cent) flies in non-farm settings, and 33 (15.70 per cent) faecal

samples.

This study revealed that the recovered E. coli and Salmonella spp. isolates to be MDR-strains
and the E. coli isolates exhibited resistance to Ceftazidime (28.60 per cent), Cefotaxime (49 per

cent), Doripenem (0), Ertapenem (1 per cent), Imipenem (1.40 per cent), and Meropenem (0.50
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per cent) whereas Salmonella spp. isolates were resistant to Ceftazidime (12 per cent),
Cefotaxime (39.90 per cent). None of them showed resistance to Doripenem, Ertapenem,
Imipenem, and Meropenem. ESBL resistance was recorded more in E. coli (56 per cent) than

Salmonella spp. (48 per cent) by phenotypic assays.

In the molecular study, ESBL genes could be detected in the E. coli that included, blacTx-m
(48.60 per cent), blasnv (10.50 per cent), blatem (43.80 per cent), and that in Salmonella spp.
included blactx-v (48 per cent), blashv (12.12 per cent), blatem (57.57 per cent). Only two
isolates from pig faecal were positive for the carabapenemase producing blaoxa-4s gene. The
present research work is suggestive of the fact that flies harbour multi-drug resistant, ESBL
producing E. coli and Salmonella spp. Unregulated use of antibiotics in piggery may result in
farms acting as a hub of ESBL and carbapenem resistant genes. Further, extensive monitoring
of AMR in such unconventional reservoirs of bacterial pathogens needs to be conducted to
evaluate the risk associated with AMR.

In addition to the phenotypic and genotypic characterisation of isolates for ESBL production, a
diversified resistance pattern was detected by PCR assay, which was consistent with previous
ESBL and carbapenem studies. The study demonstrated the importance of comprehending the
magnitude of incidence and resistance pattern of major entero-zoonotic infections from pigs
and houseflies, which serves as a warning sign to use extreme caution when handling such
animals and maintain good environmental hygiene. It is clear that these enterobacterial strains
that produce ESBL and carbapenemase circulate among pigs and houseflies in a small district
in rural Kerala. These findings imply that the antibiotic use in pigs should be guided by regular

monitoring of carbapenemase and ESBL emergence and transmission.



90

7. REFERENCE

Aarestrup, F.M.1., Jensen, V.F., Emborg, H.D., Jacobsen, E. and Wegener H.C. 2010. Chang. Use
Antimicrob. Eff. Product. Swine Farms Den. Am. J. Vet. Res. 71: 726-733.

Abdalla, S.E., Abia, A.L.K., Amoako, D.G., Perrett, K., Bester, L.A. and Essack, S.Y. 2022. Food
animals as reservoirs and potential sources of multidrug-resistant diarrheagenic E. coli
pathotypes: Focus on intensive pig farming in South Africa. Onderstepoort J. Vet. Res. 89(1):
13.

Abraham, S., Wong, H.S., Turnidge, J., Johnson, J.R. and Trott, D.J. 2014. Carbapenemase-producing
bacteria in companion animals: a public health concern on the horizon. J. Antimicrob.
Chemother. 69(5): 1155-1157.

Agarwal, A., Roy, I., Gupta, M.K., Kumar, M. and Jain, A. 2003. Prevalence of extended-spectrum f3-
lactamase-producing Gram-negative bacteria in septicaemic neonates in a tertiary care hospital.
J. Med. Microbiol. 52(5): 421-425.

Agga, G.E., Arthur, T.M., Durso, L.M., Harhay, D.M. and Schmidt, J.W. 2015. Antimicrobial-resistant
bacterial populations and antimicrobial resistance genes obtained from environments impacted
by livestock and municipal waste. PLoS One 10: (7): e0132586p.

Ahmed, A.M., Nadano, H. and Shimamoto, T.2004. The first characterization of Extended-spectrum
beta-lactamase-producing Salmonella in Japan. J.Antimicrob. Chemother. 54: 283-284

Ainslie-Garcia, M.H., Farzan, A., Newman, J.E., Friendship, R.M. and Lillie, B.N. 2018. Salmonella
fecal shedding in pigs from birth to market and its association with the presence of Salmonella
in palatine tonsils and submandibular lymph nodes at slaughter. Can. J. Vet. Res. 82(4): 249—
255.

Akter, S., Sabuj, A.A.M., Haque, Z.F., Kafi, M.A., Rahman, M.T. and Saha, S. 2020. Detection of
antibiotic-resistant bacteria and their resistance genes from houseflies. Vet. World 13(2): 266.

Albernaz-Goncalves, R., Olmos Antillon, G. and Hotzel, M.J. 2022. Linking Animal Welfare and
Antibiotic Use in Pig Farming—A Review. Animals 12(2): 216.

Antonelli, P., Belluco, S., Mancin, M., Losasso, C. and Ricci, A. 2019. Genes conferring resistance to
critically important antimicrobials in Salmonella enterica isolated from animals and food: A
systematic review of the literature, 2013-2017. Res. Vet. Sci. 126: 59-67.

Asril, M., Rini, ILA., Oktaviani, I. and Mushaliyah, M. 2022. Tracking The Source of Antimicrobial
Production From House Fly (Musca domestica): Right-Wing of Fly Or Gut System? - A Mini-
Review. Elkawnie J. Islam. Sci. Technol. 7 (2): 225-238.

Athanasakopoulou, Z., Reinicke, M., Diezel, C., Sofia, M., Chatzopoulos, D.C., Braun, S.D., Reissig,
A., Spyrou, V., Monecke, S. and Ehricht, R. 2021. Antimicrobial Resistance Genes in ESBL-
Producing Escherichia coli Isolates from Animals in Greece. Antibiotics 10(4): 389.

Bauer, A.W. 1966. Antibiotic susceptibility testing by a standardized single disc method. Am J clin
pathol, 45:149-158.



91

Barrow, G.I. and Feltham, R.K.A. 2003. Cowan and Steel’s Manual for Identif - ication of Medical
Bacteria. (3rd Ed) Cambridge press. 331p.

Bej, A.K., Dicesare, J.L., Haff, L. and Atlas, R.M., 1991. Detection of Escherichia coli and Shigella
spp. in water by using the polymerase chain reaction and gene probes for uid. Appl Environ
Microbiol. 57: (4): 1013-1017.

Bellet, C. and Rushton, J. 2019. World food security, globalisation and animal farming: unlocking
dominant paradigms of animal health science. Rev. Sci. Tech. Int. Off. Epizoot. 38: 383-393.

Bergey’s Manual of Systematic Bacteriology | Book series home.
https://www.springer.com/series/4157 (Accessed June 7, 2022).

Bogaard, A.E. van den, and Stobberingh, E.E. 2000. Epidemiology of resistance to antibiotics: Links
between animals and humans. Int. J. Antimicrob. Agents 14: (4): 327-335.

Borah, P., Dutta, R., Das, L., Hazarika, G., Choudhury, M., Deka, N.K., Malakar, D., Hussain, M.I.
and Barkalita, L.M. 2022. Prevalence, antimicrobial resistance and virulence genes of
Salmonella serovars isolated from humans and animals. Vet. Res. Commun.25: 425.

Brinas, L., Moreno, M.A., Zarazaga, M., Porrero, C., Saenz, Y., Garcia, M., Dominguez, L. and Torres,
C. 2003. Detection of CMY-2, CTX-M-14, and SHV-12 B-Lactamases in Escherichia coli
Fecal-Sample Isolates from Healthy Chickens. Antimicrob. Agents Chemother. 47(6): 2056—
2058.

Brisola, M.C., Crecencio, R.B., Bitner, D.S., Frigo, A., Rampazzo, L., Stefani, L.M. and Faria, G.A.
2019. Escherichia coli used as a biomarker of antimicrobial resistance in pig farms of Southern
Brazil. Sci. Total Environ. 647: 362—368.

Burow, E., Rostalski, A., Harlizius, J., Gangl, A., Simoneit, C., Grobbel, M., Kollas, C., Tenhagen, B.-
A. and Kasbohrer, A. 2019. Antibiotic resistance in Escherichia coli from pigs from birth to
slaughter and its association with antibiotic treatment. Prev. Vet. Med. 165: 52-62.

Bush, K., and Fisher, J.F. 2011. Epidemiological Expansion, Structural Studies, and Clinical
Challenges of New fB-Lactamases from Gram-Negative Bacteria. Annu. Rev. Microbiol. 65(1):
455-478.

Butaye, P., Argudin, M.A. and Threlfall, J. 2015. Introduction to Antimicrobial-Resistant Foodborne
Pathogens In: Antimicrobial Resistance and Food Safety. Elsevier: 1-17p.

Carattoli, A. 2014. Resistance Plasmid Families in Enterobacteriaceae. Antimicrob. Agents Chemother.
53(6): 2227-2238.

Carlson, S.A., and Wu, M.T. 2003. Avoidance of false PCR results with the integron—retron junction
in multiple antibiotic resistant Salmonella enterica serotype Typhimurium. Mol. Cell. Probes
17(4): 183-186.

Castagna, S.M.F., Muller, M., Macagnan, M., Rodenbusch, C.R., Canal, C.W. and Cardoso, M. 2005.
Detection of Salmonella sp. from porcine origin: a comparison between a PCR method and
standard microbiological techniques. Braz. J. Microbiol. 36: 373-377.



92

Cavaco, L.M., Frimodt-Mgller, N., Hasman, H., Guardabassi, L., Nielsen, L., and Aarestrup, F.M.
2008. Prevalence of Quinolone Resistance Mechanisms and Associations to Minimum
Inhibitory Concentrations in Quinolone-Resistant Escherichia coli Isolated from Humans and
Swine in Denmark. Microb. Drug Resist. 14: (2): 163-1609.

CDC. 2014. CDC Fact Sheet: Pathogens causing US foodborne illnesses, hospitalizations, and deaths,
2000-2008. http://www.cdc.gov/foodborneburden/PDFs/pathogens-complete-list-01-12.pdf

Cervelin, V., Fongaro, G., Pastore, J.B., Engel, F., Reimers, M.A. and Viancelli, A. 2018.
Enterobacteria associated with houseflies (Musca domestica) as an infection risk indicator in
swine production farms. Acta Trop. 185: 13-17.

Chai, M.H., Sukiman, M.Z., Jasmy, N., Zulkifly, N.A., Yusof, N.A.S.M., Mohamad, N.M., Ariffin,
S.M.Z. and Ghazali, M.F. 2022. Molecular Detection and Antibiogram of ESBL-Producing and
Carbapenem-Resistant Escherichia coli from Rabbit, Swine, and Poultry in Malaysia. Trop.
Anim. Sci. J. 45(1): 16-23.

Chance, J., Gebhardt, J., DeRouchey, J., Amachawadi, R., Ishengoma, V., Nagaraja, T., Tokach, M.,
Woodworth, J., Goodband, R. and Kang, Q. 2021. The Effect of Live Yeast and Yeast Extracts
on Antimicrobial Susceptibilities of Fecal Escherichia coli of Nursery Pigs Weaned from Sows
Fed Diets with or without Yeast Additives. Kans. Agric. Exp. Stn. Res. Rep. 7: (11).

Clinical and Laboratory Standards Institute (CLSI). 2018. Performance Standards for Antimicrobial
Susceptibility Testing; Twenty-Fourth Informational Supplement. M100-S24. CLSI, Wayne,
PA, USA.

Cornaglia, G., Giamarellou, H. and Rossolini, G.M. 2011. Metallo-B-lactamases: a last frontier for [3-
lactams? Lancet Infect. Dis. 11: (5): 381-393.

Coyne, L.A., Latham, S.M., Dawson, S., Donald, 1.J., Pearson, R.B., Smith, R.F., Williams, N.J. and
Pinchbeck, G.L. 2019. Exploring Perspectives on Antimicrobial Use in Livestock: A Mixed-
Methods Study of UK Pig Farmers. Front. Vet. Sci. 6.

Cubero, M., Cuervo, G., Dominguez, M.A., Tubau, F., Marti, S., Sevillano, E., Gallego, L., Ayats, J.,
Pefia, C., Pujol, M. 2015. Carbapenem-resistant and carbapenem-susceptible isogenic isolates
of Klebsiella pneumoniae ST101 causing infection in a tertiary hospital. BMC Microbiol. 15:
(1): 177.

Da Costa, P.M., Loureiro, L. and Matos, A.J.F. 2013. Transfer of Multidrug-Resistant Bacteria
Between Intermingled Ecological Niches: The Interface Between Humans, Animals and the
Environment. Int. J. Environ. Res. Public. Health 10(1): 278-294.

Dahms, C., Hibner, N.-O., Kossow, A., Mellmann, A., Dittmann, K. and Kramer, A. 2015. Occurrence
of ESBL-Producing Escherichia coli in Livestock and Farm Workers in Mecklenburg-Western
Pomerania, Germany. plos one 10(11): 0143326.

Dahlem, G.A. 2009. Chapter 125 - House Fly: (Musca domestica) In: Resh, V.H., and R.T. Carde,
Eds., Encyclopedia of Insects (Second Edition). San Diego: Academic Press: 469-470.

Dang-Xuan, S., Nguyen-Viet, H., Pham-Duc, P., Unger, F., Tran-Thi, N., Grace, D. and Makita, K.
2019. Risk factors associated with Salmonella spp. prevalence along smallholder pig value
chains in Vietnam. Int. J. Food Microbiol. 290: 105-115.



93

Dankittipong, N., Fischer, E.A.J., Swanenburg, M., Wagenaar, J.A., Stegeman, A.J., and Vos, C.J. de
2022. Quantitative Risk Assessment for the Introduction of Carbapenem-Resistant
Enterobacteriaceae (CPE) into Dutch Livestock Farms. Antibiotics 11(2): 281.

De Koster, S., Ringenier, M., Lammens, C., Stegeman, A., Tobias, T., Velkers, F., Vernooij, H.,
Kluytmans-van den Bergh, M., Kluytmans, J. and Dewulf, J. 2021. ESBL-Producing,
Carbapenem- and Ciprofloxacin-Resistant Escherichia coli in Belgian and Dutch Broiler and
Pig Farms: A Cross-Sectional and Cross-Border Study. Antibiotics 10(8): 945.

Department of Animal Husbandry & Dairying releases 20th Livestock Census; Total Livestock
population increases 4.6% over Census-2012, Increases to 535.78 million.
https://pib.gov.in/pib.gov.in/Pressreleaseshare.aspx?PRID=1588304 (Accessed June 7, 2022).

Diaconu, E.L., Carfora, V., Alba, P., Di Matteo, P., Stravino, F., Buccella, C., Dell’Aira, E., Onorati,
R., Sorbara, L. and Battisti, A. 2020. Novel IncFIl plasmid harbouring blaNDM-4 in a
carbapenem-resistant Escherichia coli of pig origin, Italy. J. Antimicrob. Chemother. 75(12):
3475-3479.

Dohmen, W., Bonten, M.J.M., Bos, M.E.H., Marm, S. van, Scharringa, J., Wagenaar, J.A. and
Heederik, D.J.J. 2015. Carriage of extended-spectrum B-lactamases in pig farmers is associated
with occurrence in pigs. Clin. Microbiol. Infect. 21(10): 917-923.

Dolejska, M., Brhelova, E., Dobiasova, H., Krivdova, J., Jurankova, J., Sevcikova, A., Dubska, L.,
Literak, I., Cizek, A. and Vavrina, M. 2012. Dissemination of IncFIIK-type plasmids in
multiresistant CTX-M-15-producing Enterobacteriaceae isolates from children in hospital
paediatric oncology wards. Int. J. Antimicrob. Agents 40(6): 510-515.

Doyle, D., Peirano, G., Lascols, C., Lloyd, T., Church, D.L. and Pitout, J.D. 2012. Laboratory detection
of Enterobacteriaceae that produce carbapenemases. Journal of clinical microbiology. 50(12):
3877-3880.

Edwards, P.R., and Ewing, W.H. 1972. Identification of Enterobacteriaceae. Identif. Enterobact.
(third edition).

EFSA Panel on Biological Hazards (BIOHAZ). 2013. Scientific Opinion on Carbapenem resistance in
food animal ecosystems. EFSA Journal.11(12):3501

Fang, J., Gong, G., Yuan, J., and Sun, X. 2020. Antibiotic use in pig farming and its associated factors
in L County in Yunnan, China. Vet. Med. Sci. 7(2): 440-454.

FAO. 2019. Meat Market Review: Emerging trends and outlook.
https://www.fao.org/3/cb7886en/ch7886en.pdf

FDA-BAM (Bacterological Analytical Manual) Chapter 5: Salmonella (December 2007
Edition)https://www.fda.gov/food/laboratory-methods-food/bacteriological-analytical-
manual-bam-chapter-5-salmonella

Feder, 1., Wallace, F.M., Gray, J.T., Fratamico, P., Fedorka-Cray, P.J., Pearce, R.A., Call, J.E., Perrine,
R. and Luchansky, J.B. 2003. Isolation of Escherichia coli O157:H7 from Intact Colon Fecal
Samples of Swinel. Emerg. Infect. Dis. 9(3): 380-383.



94

Fontana, R., Canepari, P., Lleo, M.M. and Satta, G., 1990. Mechanisms of resistance of enterococci to
beta-lactam antibiotics. European Journal of Clinical Microbiology and Infectious
Diseases, 9(2): 103-105.

Forster, M., Klimpel, S., and Sievert, K. 2009. The house fly (Musca domestica) as a potential vector
of metazoan parasites caught in a pig-pen in Germany. Vet. Parasitol. 160(1): 163-167.

Fournier, C., Nordmann, P., Pittet, O. and Poirel, L. 2021. Does an Antibiotic Stewardship Applied in
a Pig Farm Lead to Low ESBL Prevalence? Antibiotics 10(5): 574.

Galina, D., Balins, A., and Valdovska, A. 2021. The Prevalence and Characterization of Fecal
Extended-Spectrum-Beta-Lactamase-Producing Escherichia coli Isolated from Pigs on Farms
of Different Sizes in Latvia. Antibiotics 10: (9): 1099.

Gerry, A.C. 2020. Review of Methods to Monitor House Fly (Musca domestica) Abundance and
Activity. J. Econ. Entomol. 113(6): 2571-2580.

Geser, N., Stephan, R. and Hachler, H. 2012. Occurrence and characteristics of extended-spectrum f-
lactamase (ESBL) producing Enterobacteriaceae in food producing animals, minced meat and
raw milk. BMC Vet. Res. 8(1): 21.

Gioia, G., Freeman, J., Sipka, A., Santisteban, C., Wieland, M., Gallardo, V.A., Monistero, V., Scott,
J.G. and Moroni, P. 2022. Pathogens associated with houseflies from different areas within a
New York State dairy. JDS Commun.

Gonzalez-Fandos, E., Martinez-Laorden, A., Abad-Fau, A., Sevilla, E., Bolea, R., Serrano, M.J.,
Mitjana, O., Bonastre, C., Laborda, A. and Falceto, M.V. 2022. Effect of Intramuscularly
Administered Oxytetracycline or Enrofloxacin on Vancomycin-Resistant Enterococci,
Extended Spectrum Beta-Lactamase- and Carbapenemase-Producing Enterobacteriaceae in
Pigs. Animals 12(5): 622.

Guerra, B., Fischer, J. and Helmuth, R. 2014. An emerging public health problem: Acquired
carbapenemase-producing microorganisms are present in food-producing animals, their
environment, companion animals and wild birds. Vet. Microbiol. 171(3): 290-297.

Gundran, R.S., Cardenio, P.A., Salvador, R.T., Sison, F.B., Benigno, C.C., Kreausukon, K., Pichpol,
D. and Punyapornwithaya, V. 2020. Prevalence, Antibiogram, and Resistance Profile of
Extended-Spectrum B-Lactamase-Producing Escherichia coli Isolates from Pig Farms in Luzon,
Philippines. Microb. Drug Resist. 26(2): 160-168.

Gupta, A.K., Nayduch, D., Verma, P., Shah, B., Ghate, H.V., Patole, M.S. and Shouche, Y.S. 2012.
Phylogenetic characterization of bacteria in the gut of house flies (Musca domestica L.). FEMS
Microbiol. Ecol. 79(3): 581-593.

Gwenzi, W., Chaukura, N., Muisa-Zikali, N., Teta, C., Musvuugwa, T., Rzymski, P. and Abia, A.L.K.
2021. Insects, Rodents, and Pets as Reservoirs, Vectors, and Sentinels of Antimicrobial
Resistance. Antibiotics 10(1): 68.

Hamilton, A.M., Paulsen, D.J., Trout Fryxell, R.T., Orta, V.E., Gorman, S.J., Smith, D.M., Buchanan,
J.R., Wszelaki, A.L., And Critzer, F.J. 2021. Prevalence of Salmonella enterica in Flies on a
Diversified Cattle and Fresh Produce Farm across Two Growing Seasons. J. Food Prot. 84: (6):
1009-1015.



95

Hancock, R.E.W., and Bellido, F. 1992. Factors involved in the enhanced efficacy against Gram-
negative bacteria of fourth generation cephalosporins. J. Antimicrob. Chemother. 29: (suppl_a):
1-6.

Hassan, A., Obeagu, E. and Olamijuewon, P. 2022. Evaluation of different microbial pathogens
associated with the external surfaces of houseflies and to determine the antibiotic susceptibility
pattern of recovered bacterial in Malayisa. Pathogens. 8: 1-13.

Hawser, S.P., Bouchillon, S.K., Hoban, D.J., Badal, R.E., Hsueh, P.-R. and Paterson, D.L. 2009.
Emergence of High Levels of Extended-Spectrum-p-Lactamase-Producing Gram-Negative
Bacilli in the Asia-Pacific Region: Data from the Study for Monitoring Antimicrobial
Resistance Trends (SMART) Program, 2007. Antimicrob. Agents Chemother. 53(8): 3280
3284,

Hedman, H.D., Vasco, K.A., and Zhang, L. 2020. A Review of Antimicrobial Resistance in Poultry
Farming within Low-Resource Settings. Animals 10(8): 1264.

Horton, R.A., Randall, L.P., Snary, E.L., Cockrem, H., Lotz, S., Wearing, H., Duncan, D., Rabie, A.,
McLaren, I. and Watson, E. 2011. Fecal Carriage and Shedding Density of CTX-M Extended-
Spectrum B-Lactamase-Producing Escherichia coli in Cattle, Chickens, and Pigs: Implications
for Environmental Contamination and Food Production. Appl. Environ. Microbiol. 77(11):
3715-3719.

Hounmanou, Y.M.G., Bortolaia, V., Dang, S.T.T., Truong, D., Olsen, J.E., and Dalsgaard, A. 2021.
ESBL and AmpC B-Lactamase Encoding Genes in E. coli From Pig and Pig Farm Workers in
Vietnam and Their Association With Mobile Genetic Elements. Front. Microbiol. 12.

Hunter, P.A., Dawson, S., French, G.L., Goossens, H., Hawkey, P.M., Kuijper, E.J., Nathwani, D.,
Taylor, D.J., Teale, C.J. and Warren, R.E. 2010. Antimicrobial-resistant pathogens in animals
and man: prescribing, practices and policies Oxford University Press.

Igbinosa, I.H., Beshiru, A., Ikediashi, S.C. and Igbinosa, E.O. 2021. Identification and Characterization
of Salmonella Serovars Isolated from Pig Farms in Benin City, Edo State, Nigeria: One Health
Perspective. Microb. Drug Resist. 27(2): 258-267.

Igbal, W., Malik, M.F., Sarwar, M.K., Iram, N. and Rashda, A. 2014. Role of housefly (Musca
domestica, Diptera; Muscidae) as a disease vector; a review. J. Entomol. Zool. Stud. 5.

Isam-Eldeen, 1.1.B., AlaaEldin, Y.M.H., Mohamed, A.l.H. and Eltayib, H.A.-A. 2022. Isolation of
potentially pathogenic bacteria from Musca domestica captured in hospitals and
slaughterhouses, Khartoum state, Sudan. Afr. J. Microbiol. Res. 16(2): 76-81.

Iwasa, M., Makino, S.-1., Asakura, H., Kobori, H. and Morimoto, Y. 1999. Detection of Escherichia
coli O157:H7 from Musca domestica (Diptera: Muscidae) at a Cattle Farm in Japan. J. Med.
Entomol. 36(1): 108-112.

Jacoby, G.A. and Han, P. 1996. Detection of extended-spectrum beta-lactamases in clinical isolates of
Klebsiella pneumoniae and Escherichia coli. J. Clin. Microbiol. 34(4): 908-911.

Jager, P. de, Thomas, J., Chirwa, T. and Naidoo, S. 2014. An outbreak of New Delhi Metallo-f3-
Lactamase-1 producing enterobacteriaceae: A case-control study. Int. J. Infect. Dis. 21: 44-45.



96

Jain, A. and Mondal, R., 2007. Prevalence & antimicrobial resistance pattern of extended spectrum b-
lactamase producing Klebsiella spp isolated from cases of neonatal septicaemia. Indian Journal
of Medical Research. 125(1):89.

Jarlier, V., Nicolas, M.-H., Fournier, G., and Philippon, A. 1988. Extended Broad-Spectrum f-
Lactamases Conferring Transferable Resistance to Newer f-Lactam Agents in
Enterobacteriaceae: Hospital Prevalence and Susceptibility Patterns. Rev. Infect. Dis. 10: (4):
867-878.

Jonge, N. de, Michaelsen, T.Y., Ejbye-Ernst, R., Jensen, A., Nielsen, M.E., Bahrndorff, S. and Nielsen,
J.L. 2020. Housefly (Musca domestica L.) associated microbiota across different life stages.
Sci. Rep. 10(1): 7842.

Kababian, M., Mozaffari, E., Akbarzadeh, K., Shabani Kordshouli, R., Saghafipour, A. and Shams, S.
2020. Identification of bacteria contaminating Musca domestica (Diptera: Muscidae) collected
from animal husbandries. Shiraz E-Med. J. 21(4): 92018.

Kamaruzzaman, E.A., Abdul Aziz, S., Bitrus, A.A., Zakaria, Z. and Hassan, L. 2020. Occurrence and
Characteristics of Extended-Spectrum B-Lactamase-Producing Escherichia coli from Dairy
Cattle, Milk, and Farm Environments in Peninsular Malaysia. Pathogens 9(12): 1007.

Karabasanavar, N., Sivaraman, G.K., S. P., S., Nair, A.S., Vijayan, A., Rajan, V. and P. S., G. 2022.
Non-diarrhoeic pigs as source of highly virulent and multidrug-resistant non-typhoidal
Salmonella. Braz. J. Microbiol.

Karami, M., Armaki, M.T., Rajabnia, R., Omran, S.M., Heidarpour, A. and Pournajaf, A. 2021. The
Role of Houseflies, Musca domestica L. (Diptera: Muscidae) as a Mechanical Vector for
ESKAPE Pathogens and Drug Resistance. Anti-Infect. Agents 19(4): 66—-71.

Kehl, K., Schallenberg, A., Szekat, C., Albert, C., Sib, E., Exner, M., Zacharias, N., Schreiber, C.,
Par¢ina, M. and Bierbaum, G. 2022. Dissemination of carbapenem resistant bacteria from
hospital wastewater into the environment. Sci. Total Environ. 806: 151339p.

Khamesipour, F., Lankarani, K.B., Honarvar, B. and Kwenti, T.E. 2018. A systematic review of human
pathogens carried by the housefly (Musca domestica L.). BMC Public Health 18(1): 1-15.

Khardori, N. 2006. Antibiotics—~Past, Present, and Future. Med. Clin. 90(6): 1049-1076.

Khilnani, G.C., Mehta, Y., Khatib, K.l., Jagiasi, B.G., Chanchalani, G., Mishra, R.C. and
Samavedam, S., 2020. ISCCM guidelines for the use of non-invasive ventilation in acute
respiratory failure in adult 1CUs. Indian journal of critical care medicine: peer-reviewed,
official publication of Indian Society of Critical Care Medicine, 24: 61.

Kojima, A., Ishii, Y., Ishihara, K., Esaki, H., Asai, T., Oda, C., Tamura, Y., Takahashi, T. and
Yamaguchi, K. 2005. Extended-Spectrum-p-Lactamase-Producing Escherichia coli Strains
Isolated from Farm Animals from 1999 to 2002: Report from the Japanese Veterinary
Antimicrobial Resistance Monitoring Program. Antimicrob. Agents Chemother. 49(8): 3533—
3537.

Kokdener, M. and Kiper, F. 2021. Effects of Larval Population Density and Food Type on the Life
Cycle of Musca domestica (Diptera: Muscidae). Environ. Entomol. 50(2): 324-329.



97

Kumar, V., Gupta, J., and Meena, H.R. 2019. Assessment of Awareness about Antibiotic ~ Resistance
and Practices Followed by Veterinarians for Judicious Prescription of Antibiotics: An
Exploratory Study in Eastern Haryana Region of India. Trop. Anim. Health Prod. 51: (3): 677—
687.

Lalzampuia, H., Dutta, T.K., Warjri, I. and Chandra, R. 2013. PCR-Based Detection of Extended-
Spectrum fB-Lactamases (blaCTX-M-1and blaTEM) in Escherichia coli, Salmonella spp. and
Klebsiella pneumoniae Isolated from Pigs in North Eastern India (Mizoram). Indian J.
Microbiol. 53(3): 291-296.

Lampel, K.A., Orlandi, P.A. and Kornegay, L. 2000. Improved Template Preparation for PCR-Based
Assays for Detection of Food-Borne Bacterial Pathogens. Appl. Environ. Microbiol. 66(10):
4539-4542.

Laxminarayan, R., Duse, A., Wattal, C., Zaidi, A.K.M., Wertheim, H.F.L., Sumpradit, N., Vlieghe, E.,
Hara, G.L., Gould, I.M., Goossens, H. 2013. Antibiotic resistance—the need for global
solutions. Lancet Infect. Dis. 13(12): 1057-1098.

Li, X,, Liu, H., Cao, S., Cheng, P., Li, F., Ishfag, M., Sun, J., and Zhang, X. 2021. Resistance Detection
and Transmission Risk Analysis of Pig-Derived Pathogenic Escherichia coli in East China.
Front. Vet. Sci. 8: 614651.

Li, Y., Li, K., Peng, K., Wang, Z., Song, H., and Li, R. 2022. Distribution, antimicrobial resistance and
genomic characterization of Salmonella along the pork production chain in Jiangsu, China. LWT
163: 113516.

Lim, S.-K.,, Lee, H.-S., Nam, H.-M., Cho, Y .-S., Kim, J.-M., Song, S.-W., Park, Y.-H., and Jung, S.-C.
2007. Antimicrobial resistance observed in Escherichia coli strains isolated from fecal samples
of cattle and pigs in Korea during 2003-2004. Int. J. Food Microbiol. 116(2): 283-286.

Literak, 1., Dolejska, M., Rybarikova, J., Cizek, A., Strejckova, P., Vyskocilova, M., Friedman, M.,
and Klimes, J. 2009. Highly Variable Patterns of Antimicrobial Resistance in Commensal
Escherichia coli Isolates from Pigs, Sympatric Rodents, and Flies. Microb. Drug Resist. 15(3):
229-237.

Liu, J.-H., Weli, S.-Y., Ma, J.-Y., Zeng, Z.-L., L0, D.-H., Yang, G.-X., and Chen, Z.-L. 2007. Detection
and characterisation of CTX-M and CMY -2 B-lactamases among Escherichia coli isolates from
farm animals in Guangdong Province of China. Int. J. Antimicrob. Agents 29(5): 576-581.

Liu, Z., Wang, K., Zhang, Y., Xia, L., Zhao, L., Guo, C., Liu, X., Qin, L., and Hao, Z. 2022. High
Prevalence and Diversity Characteristics of blaNDM, mcr, and blaESBLs Harboring
Multidrug-Resistant Escherichia coli From Chicken, Pig, and Cattle in China. Front. Cell.
Infect. Microbiol. 11.

Machado, E., Coque, T.M., Cantén, R., Sousa, J.C. and Peixe, L. 2008. Antibiotic resistance integrons
and extended-spectrum [-lactamases among Enterobacteriaceae isolates recovered from
chickens and swine in Portugal. J. Antimicrob. Chemother. 62(2): 296-302.

Mahesh, H. 2017. Molecular detection and characterization of common enteric bacterial pathogens of
public health significance. M.V.Sc thesis, Kerala Veterinary and Animal Science University,
Pookode, 99.



98

Mainar-Jaime, R.C., Atashparvar, N. and Chirino-Trejo, M. 2008. Estimation of the Diagnostic
Accuracy of the invA-gene-based PCR Technique and a Bacteriological Culture for the
Detection of Salmonella spp. in Caecal Content from Slaughtered Pigs using Bayesian Analysis.
Zoonoses Public Health 55(2): 112-118.

Makhado, U.G., Foka, F.E.T., Tchatchouang, C.-D.K., Ateba, C.N., and Manganyi, M.C. 2022.
Detection of virulence gene of Shiga toxin-producing Escherichia coli (STEC) strains from
animals with diarrhoea and water samples in the North-West Province, South Africa. Gene Rep.
27:101617.

Mandakini, R., Dutta, T.K., Chingtham, S., Roychoudhury, P., Samanta, I., Joardar, S.N., Pachauau,
A.R., and Chandra, R. 2015. ESBL-producing Shiga-toxigenic E. coli (STEC) associated with
piglet diarrhoea in India. Trop. Anim. Health Prod. 47(2): 377-381.

Martinez, J. 2012. Natural Antibiotic Resistance and Contamination by Antibiotic Resistance
Determinants: The Two Ages in the Evolution of Resistance to Antimicrobials. Front.
Microbiol. 3.

Mathai, D., Kumar, V.A., Paul, B., Sugumar, M., John, K.R., Manoharan, A. and Kesavan, L.M., 2009.
Fecal carriage rates of extended-spectrum [-lactamase-producing Escherichia coli among
antibiotic naive healthy human volunteers. Microbial Drug Resistance. 21(1): 59-64.

Merchant, I. A. and Packer 1967. Veterinary Bacteriology and Virology In: lowaState University Press
USA..

Meissner, K., Sauter-Louis, C., Heiden, S.E., Schaufler, K., Tomaso, H., Conraths, F.J. and Homeier-
Bachmann, T. 2022. Extended-Spectrum (-Lactamase-Producing Escherichia coli in
Conventional and Organic Pig Fattening Farms. Microorganisms 10: (3): 603.

Meletis, G. 2016. Carbapenem resistance: overview of the problem and future perspectives. Ther. Adv.
Infect. Dis. 3(1): 15-21.

Meunier, D., Jouy, E., Lazizzera, C., Kobisch, M. and Madec, J.-Y. 2006. CTX-M-1- and CTX-M-15-
type B-lactamases in clinical Escherichia coli isolates recovered from food-producing animals
in France. Int. J. Antimicrob. Agents 28(5): 402—407.

Mian, L.S., Maag, H., and Tacal, J.V. 2002. Isolation of Salmonella from muscoid flies at commercial
animal establishments in San Bernardino County, California. J. Vector Ecol. 4(1): 16-27.

Moffo, F., Mouiche, M.M.M., Djomgang, H.K., Tombe, P., Wade, A., Kochivi, F.L., Dongmo, J.B.,
Mbah, C.K., Mapiefou, N.P., Mingoas, J.-P.K. 2022. Associations between antimicrobial use
and antimicrobial resistance of Escherichia coli isolated from poultry litter under field
conditions in Cameroon. Prev. Vet. Med. 204: 105668.

Murray, C.J., Ikuta, K.S., Sharara, F., Swetschinski, L., Aguilar, G.R., Gray, A., Han, C., Bisignano,
C., Rao, P., and Wool, E. 2022. Global burden of bacterial antimicrobial resistance in 2019: a
systematic analysis. The Lancet 399(10325): 629-655.

Murugan, M.S., Sinha, D.K., Vinodh Kumar, O.R., Yadav, A.K., Pruthvishree, B.S., Vadhana, P.,
Nirupama, K.R., Bhardwaj, M. and Singh, B.R. 2019. Epidemiology of carbapenem-resistant
Escherichia coli and first report of bla VIM carbapenemases gene in calves from India.
Epidemiol. Infect. 147: 159.



99

Mutua, F., Sharma, G., Grace, D., Bandyopadhyay, S., Shome, B. and Lindahl, J. 2020. A review of
animal health and drug use practices in India, and their possible link to antimicrobial resistance.
Antimicrob. Resist. Infect. Control 9(1): 103.

Nambiar, P., Kannan, P., Agarwal, R. and Bhilegaonkar, K.N. 2009. PCR based detection of the Omp
C gene in Salmonella serovars. Indian J Comp Microbiol Immunol Infect Dis 30: 91-94.

Natalia, W.-K., Skowron, K., Kwiecinska-Pirog, J., Biatucha, A., Watecka-Zacharska, E., Grudlewska-
Buda, K., Kraszewska, Z. and Gospodarek-Komkowska, E. 2021. Flies as a potential vector of
selected alert pathogens in a hospital environment. Int. J. Environ. Hlth Res: 1-20.

Nataro, J.P. and Kaper, J.B. 1998. Diarrheagenic Escherichia coli. Clin. Microbiol. Rev. 11(1): 142—
201.

Nirupama, K.R., O.R., V.K., Pruthvishree, B.S., Sinha, D.K., Murugan, M.S., Krishnaswamy, N., and
Singh, B.R. 2018. Molecular characterisation of bla OXA-48 carbapenemase-, extended-
spectrum B-lactamase- and Shiga toxin-producing Escherichia coli isolated from farm piglets
in India. J. Glob. Antimicrob. Resist. 13: 201-205.

Nordmann, P. 2014. Carbapenemase-producing Enterobacteriaceae: Overview of a major public health
challenge. Médecine Mal. Infect. 44(2): 51-56.

Nordmann, P. and Poirel, L. 2014. The difficult-to-control spread of carbapenemase producers among
Enterobacteriaceae worldwide. Clin. Microbiol. Infect. 20(9): 821-830.

Nguyen, D.P., Nguyen, T.A.D., Le, T.H., Tran, N.M.D., Ngo, T.P., Dang, V.C., Kawai, T., Kanki, M.,
Kawahara, R. and Jinnai, M. 2016. Dissemination of Extended-Spectrum [-Lactamase- and
AmpC B-Lactamase-Producing Escherichia coli within the Food Distribution System of Ho Chi
Minh City, Vietnam. BioMed Res. Int : 8182096.

Nunes, I.A., Helmuth, R., Schroeter, A., Mead, G.C., Santos, M.A.A., Solari, C.A., Silva, O.R. and
Piantino Ferreira, A.J. 2003. Phage Typing of Salmonella Enteritidis from Different Sources in
Brazil. J. Food Prot. 66(2): 324-327.

Odetoyin, B., Adeola, B. and Olaniran, O. 2020. Frequency and Antimicrobial Resistance Patterns of
Bacterial Species Isolated from the Body Surface of the Housefly (Musca domestica) in Akure,
Ondo State, Nigeria. J. Arthropod-Borne Dis. 14(1): 88-96.

OIE Terrestrial Manual. 2012) Salmonellosis. Chapter 2.9.9:
www.oie.int/fileadmin/Home/eng/Health_standards/tahm/2.09.09_SALMON ELLOSIS.pdf

OIE  Terrestrial Manual. 2016  Verocytotoxigenic ~ Escherichia  Coli. Chapter
2.9.10.:www.oie.intfileadminHomeengHealth_standardstahm2.09.10 VERO_E_COLI.pdf

Olagunju, E.A. 2022. Housefly: Common zoonotic diseases transmitted and control. J. Zoonotic Dis.
6(1): 1-10.

Olowe, O.A., Adewumi, O., Odewale, G., Ojurongbe, O. and Adefioye, O.J. 2015. Phenotypic and
Molecular Characterisation of Extended-Spectrum Beta-Lactamase Producing Escherichia coli
Obtained from Animal Fecal Samples in Ado Ekiti, Nigeria. J. Environ. Public Hith 2015:
497980.



100

Olsen, A.R., Gecan, J.S., Ziobro, G.C. and Bryce, J.R. 2001. Regulatory Action Criteria for Filth and
Other Extraneous Materials V. Strategy for Evaluating Hazardous and Nonhazardous Filth.
Regul. Toxicol. Pharmacol. 33: (3): 363-392.

Olsen, A.R. and Hammack, T.S. 2000. Isolation of Salmonella spp. from the Housefly, Musca
domestica L. and the Dump Fly, Hydrotaea aenescens (Wiedemann) (Diptera: Muscidae), at
Caged-Layer Houses. J. Food Prot. 63(7): 958-960.

Ommi, D., Hemmatinezhad, B., Hafshejani, T.T. and Khamesipour, F. 2017. Incidence and
Antimicrobial Resistance of Campylobacter and Salmonella from Houseflies (Musca
Domestica) in Kitchens, Farms, Hospitals and Slaughter Houses. Proc. Natl. Acad. Sci. India
Sect. B Biol. Sci. 87(4): 1285-1291.

O’Neill, J. 2016. Review on antimicrobial resistance: tackling drug-resistant infections globally: final
report and recommendations. Rev. Antimicrob. Resist. Tackling Drug-Resist. Infect. Glob. Final
Rep. Recomm.

Onwugamba, F.C., Fitzgerald, J.R., Rochon, K., Guardabassi, L., Alabi, A., Kuhne, S., Grobusch, M.P.,
and Schaumburg, F. 2018. The role of ‘filth flies’ in the spread of antimicrobial resistance.
Travel Med. Infect. Dis. 22: 8-17.

Onwugamba, F.C., Mellmann, A., Nwaugo, V.O., Siselbeck, B., and Schaumburg, F. 2020.
Antimicrobial resistant and enteropathogenic bacteria in ‘filth flies’: cross-sectional study from
Nigeria. Sci. Rep. 10(1): 16990.

Ostanello, F., and Lucia, A.D.D. 2020. On-farm risk factors associated with Salmonella in pig herds.
Large Anim. Rev. 26(3): 133-140.

Overbeek, R., Olson, R., Pusch, G.D., Olsen, G.J., Davis, J.J., Disz, T., Edwards, R.A., Gerdes, S.,
Parrello, B., Shukla, M., et al. 2014. The SEED and the Rapid Annotation of microbial genomes
using Subsystems Technology (RAST). Nucleic Acids Res. 42: 206-214.

Paixdo, R., Moreno, L.Z., Sena de Gobbi, D.D., Raimundo, D.C., Hofer, E., Matte, M.H., Ferreira,
T.S.P., Gomes, VV.T. de M., Costa, B.L.P. and Moreno, A.M. 2013. Characterization of Yersinia
enterocolitica Biotype 1A Strains Isolated from Swine Slaughterhouses and Markets. Sci.
World J : 1-6.

Park, R., Dzialo, M.C., Spaepen, S., Nsabimana, D., Gielens, K., Devriese, H., Crauwels, S., Tito, R.Y.,
Raes, J. and Lievens, B. 2019. Microbial communities of the house fly Musca domestica vary
with geographical location and habitat. Microbiome 7(1): 147.

Parnanen, K., Karkman, A., Hultman, J., Lyra, C., Bengtsson-Palme, J., Larsson, D.G.J., Rautava, S.,
Isolauri, E., Salminen, S. and Kumar, H. 2018. Maternal gut and breast milk microbiota affect
infant gut antibiotic resistome and mobile genetic elements. Nat. Commun. 9(1): 3891.

Paterson, D.L. and Bonomo, R.A. 2005. Extended-Spectrum B-Lactamases: a Clinical Update. Clin.
Microbiol. Rev. 18(4): 657—686.

Pawade, M., Wadaskar, B., Kolhe, R., Waskar, V. and Kundu, K. 2019. Isolation of Escherichia coli
and Salmonella species in flies trapped at animal farm premises. 198-201.



101

Pawlak, M., Lewtak, K. and Nitsch-Osuch, A. 2022. Effectiveness of Antiepidemic Measures Aimed
to Reduce Carbapenemase-Producing Enterobacteriaceae in the Hospital Environment. Can. J.
Infect. Dis. Med. Microbiol. 2022: 9299258.

Peng, Z., Hu, Z., Li, Z., Zhang, X., Jia, C., Li, T., Dai, M., Tan, C., Xu, Z. and Wu, B. 2022.
Antimicrobial resistance and population genomics of multidrug-resistant Escherichia coli in pig
farms in mainland China. Nat. Commun. 13(1): 1116.

Pereira, A.L., Oliveira, P.M. de, Faria-Junior, C., Alves, E.G., Castro e Caldo Lima, G.R. de, Costa
Lamounier, T.A. da, Haddad, R. and Aradjo, W.N. de 2022. Environmental spreading of
clinically relevant carbapenem-resistant gram-negative bacilli: the occurrence of blakPC-or-
NDM strains relates to local hospital activities. BMC Microbiol. 22(1): 6.

Pileggi, M.T., Chase, J.R., Shu, R., Teng, L., Jeong, K.C., Kaufman, P.E., and Wong, A.C.N. 2021.
Prevalence of Field-Collected House Flies and Stable Flies With Bacteria Displaying
Cefotaxime and Multidrug Resistance. J. Med. Entomol. 58: (2): 921-928.

Pohlenz, T.D., Zavadilova, K., Ghosh, A. and Zurek, L. 2018. Prevalence of Shiga-toxigenic
Escherichia coli in House Flies (Diptera: Muscidae) in an Urban Environment. J. Med. Entomol.
55(2): 436-439.

Poirel, L., Dortet, L., Bernabeu, S., and Nordmann, P. 2011. Genetic Features of blaNDM-1-Positive
Enterobacteriaceae. Antimicrob. Agents Chemother. 55(11): 5403-5407.

Poudel, A., Hathcock, T., Butaye, P., Kang, Y., Price, S., Macklin, K., Walz, P., Cattley, R., Kalalah,
A., Adekanmbi, F. 2019. Multidrug-Resistant Escherichia coli, Klebsiella pneumoniae and
Staphylococcus spp. in Houseflies and Blowflies from Farms and Their Environmental
Settings. Int. J. Environ. Res. Public. Health 16(19): 3583.

Pruthvishree, B.S., Vinodh Kumar, O.R., Sinha, D.K., Malik, Y.P.S., Dubal, Z.B., Desingu, P.A.,
Shivakumar, M., Krishnaswamy, N. and Singh, B.R. 2017. Spatial molecular epidemiology of
carbapenem-resistant and New Delhi metallo beta-lactamase ( bla NDM)-producing
Escherichia coli in the piglets of organized farms in India. J. Appl. Microbiol. 122(6): 1537—
1546.

Rahn, K., De Grandis, S.A., Clarke, R.C., McEwen, S.A., Galan, J.E., Ginocchio, C., Curtiss, R. and
Gyles, C.L. 1992. Amplification of an invA gene sequence of Salmonella typhimurium by
polymerase chain reaction as a specific method of detection of Salmonella. Mol. Cell. Probes
6(4): 271-279.

Rahuma, N., Ghenghesh, K.S., Ben Aissa, R. and Elamaari, A. 2005. Carriage by the housefly (Musca
domestica) of multiple-antibiotic-resistant bacteria that are potentially pathogenic to humans,
in hospital and other urban environments in Misurata, Libya. Ann. Trop. Med. Parasitol. 99(8):
795-802.

Rodrigues, C., Joshi, P., Jani, S., Alphonse, M., Radhakrishnan, R. and Mehta, A. 2004. Detection of
B-lactamases in nosocomial gram negative clinical isolates. Indian J. Med. Microbiol. 22(4):
247-250.

Rybatikova, J., Dolejska, M., Materna, D., Literak, I. and Cizek, A. 2010. Phenotypic and genotypic
characteristics of antimicrobial resistant Escherichia coli isolated from symbovine flies, cattle



102

and sympatric insectivorous house martins from a farm in the Czech Republic (2006—-2007).
Res. Vet. Sci. 89(2): 179-183.

Samanta, I., Joardar, S.N., Mahanti, A., Bandyopadhyay, S., Sar, T.K. and Dutta, T.K. 2015.
Approaches to characterize extended spectrum beta-lactamase/beta-lactamase producing
Escherichia coli in healthy organized vis-a-vis backyard farmed pigs in India. Infect. Genet.
Evol. 36: 224-230.

Samir, A., Abdel-Moein, K.A., and Zaher, H.M. 2022. The Public Health Burden of Virulent Extended-
Spectrum B-Lactamase-Producing Klebsiella pneumoniae Strains Isolated from Diseased
Horses. Vector-Borne Zoonotic Dis. 22: (4): 217-224p.

Schroeder, C.M., Meng, J., Zhao, S., DebRoy, C., Torcolini, J., Zhao, C., McDermott, P.F., Wagner,
D.D., Walker, R.D. and White, D.G. 2002. Antimicrobial Resistance of Escherichia coli 026,
0103, 0111, 0128, and 0145 from Animals and Humans. Emerg. Infect. Dis. 8(12): 1409-
1414,

Schwarz, S., Enne, V.1, and Duijkeren, E. van 2016. 40 years of veterinary papers in JAC — what have
we learnt? J. Antimicrob. Chemother. 71: (10): 2681-2690p.

Sen, S.K. and Fletcher, T.B., 1962. Veterinary entomology and acarology for India. Veterinary
entomology and acarology for India.

Shaikh, S., Fatima, J., Shakil, S., Rizvi, S.Mohd.D. and Kamal, M.A. 2015. Antibiotic resistance and
extended spectrum beta-lactamases: Types, epidemiology and treatment. Saudi J. Biol. Sci.
22(1): 90-101.

Sheehan,J.C.1982.eweb:39944.https://repository.library.georgetown.edu/handle/10822/792152
(Accessed March 25, 2022).

Shen, W., Chen, H., Geng, J., Wu, R.A., Wang, X. and Ding, T. 2022. Prevalence, serovar distribution,
and antibiotic resistance of Salmonella spp. isolated from pork in China: A systematic review
and meta-analysis. Int. J. Food Microbiol. 361: 109473.

Singer, R.S., Finch, R., Wegener, H.C., Bywater, R., Walters, J. and Lipsitch, M. 2003. Antibiotic
resistance—the interplay between antibiotic use in animals and human beings. Lancet Infect.
Dis. 3(1): 47-51.

Snedecor, G.W. and Cochran, W.G. 1994. Statistical Methods ( 8" Ed). The lowa State University
Press, Ames lowa, USA, 564p.

Sobur, A., Haque, Z.F., Sabuj, A.A., levy, S., Rahman, A.T., El Zowalaty, M.E. and Rahman, T. 2019a.
Molecular detection of multidrug and colistin-resistant Escherichia coli isolated from house
flies in various environmental settings. Future Microbiol. 14(10): 847-858.

Sobur, M., levy, S., Haque, Z., Nahar, A., Zaman, S.,and Rahman, M. 2019b. Emergence of colistin
resistant E. coli in poultry, house flies and pond water in Mymensingh, Bangladesh. J. Adv. Vet.
Anim. Res. (0): 1.

Songe, M.M., Hang’ombe, B.M., Knight-Jones, T.J.D. and Grace, D. 2017. Antimicrobial Resistant
Enteropathogenic Escherichia coli and Salmonella spp. in Houseflies Infesting Fish in Food
Markets in Zambia. Int. J. Environ. Res. Public. Health 14(1): 21.



103

Tamma, P.D., and Simner, P.J. 2008. Phenotypic Detection of Carbapenemase-Producing Organisms
from Clinical Isolates. J. Clin. Microbiol. 56(11): 01140-18.

Tamta, S., O.R.,, V.K, B.S,, P, R,, K,, Rupner, R.N., G.E., C., Dubal, Z.B., Sinha, D.K. and Singh,
B.R. 2020. Faecal carriage of extended spectrum beta-lactamase (ESBL) and New Delhi
metallo beta-lactamase(NDM) producing Escherichia coli between piglets and pig
farmworkers. Comp. Immunol. Microbiol. Infect. Dis. 73: 101564.

Tian, G.-B., Wang, H.-N., Zou, L.-K., Tang, J.-N., Zhao, Y.-W., Ye, M.-Y,, Tang, J.-Y., Zhang, Y.,
Zhang, A.-Y. and Yang, X. 2009. Detection of CTX-M-15, CTX-M-22, and SHV-2 Extended-
Spectrum B-Lactamases (ESBLS) in Escherichia coli Fecal-Sample Isolates from Pig Farms in
China. Foodborne Pathog. Dis. 6(3): 297-304.

Tiseo, K., Huber, L., Gilbert, M., Robinson, T.P. and Van Boeckel, T.P. 2020. Global Trends in
Antimicrobial Use in Food Animals from 2017 to 2030. Antibiotics 9 (12): 918.

Tipiscd, M., Cozma, A.P., Anita, D., Isan, E., Oslobanu, L., Anita, A. and Savuta, G. 2021. Preliminary
Study on Phenotypic Detection of ESBL and Amp-C B-Lactamase-Producing Escherichia Coli
Isolates from Slaughtered Pigs. Bull. Univ. Agric. Sci. Vet. Med. Cluj-Napoca Vet. Med. 78(1):
144,

Tiwari, R., Karthik, K., Bhatt, P. and Reddy, M.R., 2020. Etiology, epidemiology, pathology, and
advances in diagnosis, vaccine development, and treatment of Gallibacterium anatis infection
in poultry: a review. Veterinary Quarterly, 40 (1): 16-34.

Trongjit, S., and Chuanchuen, R. 2021. Whole genome sequencing and characteristics of Escherichia
coli with co-existence of ESBL and mcr genes from pigs. PLOS ONE 16: (11): 0260011.

Truong, D.T.Q., Hounmanou, Y.M.G., Dang, S.T.T., Olsen, J.E., Truong, G.T.H., Tran, N.T., Scheutz,
F. and Dalsgaard, A. 2021. Genetic Comparison of ESBL-Producing Escherichia coli from
Workers and Pigs at Vietnamese Pig Farms. Antibiotics 10(10): 1165.

Tufa, T.B., Fuchs, A., Wienemann, T., Eggers, Y., Abdissa, S., Schneider, M., Jensen, B.-E.O., Bode,
J.G., Pfeffer, K. and Haussinger, D. 2020. Carriage of ESBL-producing Gram-negative bacteria
by flies captured in a hospital and its suburban surroundings in Ethiopia. Antimicrob. Resist.
Infect. Control 9(1): 175.

Tzanidakis, C., Simitzis, P., Arvanitis, K. and Panagakis, P. 2021. An overview of the current trends
in precision pig farming technologies. Livest. Sci. 249: 104530.

Usui, M., Shirakawa, T., Fukuda, A., and Tamura, Y. 2015. The Role of Flies in Disseminating
Plasmids with Antimicrobial-Resistance Genes Between Farms. Microb. Drug Resist. 21: (5):
562-5609.

Valentin, L., Sharp, H., Hille, K., Seibt, U., Fischer, J., Pfeifer, Y., Michael, G.B., Nickel, S.,
Schmiedel, J. and Falgenhauer, L. 2014. Subgrouping of ESBL-producing Escherichia coli
from animal and human sources: An approach to quantify the distribution of ESBL types
between different reservoirs. Int. J. Med. Microbiol. 304(7): 805-816.

Van Boeckel, T.P., Brower, C., Gilbert, M., Grenfell, B.T., Levin, S.A., Robinson, T.P., Teillant, A.
and Laxminarayan, R. 2015. Global trends in antimicrobial use in food animals. Proc. Natl.
Acad. Sci. 112(18): 5649-5654.



104

Van bogaard, A.E. van den, and Stobberingh, E.E. 2000. Epidemiology of resistance to antibiotics:
Links between animals and humans. Int. J. Antimicrob. Agents 14(4): 327-335.

Vasanthakumar, A., Handelsman, J., Schloss, P.D., Bauer, L.S. and Raffa, K.F. 2008. Gut Microbiota
of an Invasive Subcortical Beetle, Agrilus planipennis Fairmaire, Across Various Life Stages.
Environ. Entomol. 37(5): 1344-1353.

VinodhKumar, O.R., Karikalan, M., llayaraja, S., Sha, A.A., Singh, B.R., Sinha, D.K., Chandra Mohan,
S., Pruthvishree, B.S., Pawde, A.M. and Sharma, A.K. 2021. Multi-drug resistant (MDR),
extended spectrum beta-lactamase (ESBL) producing and carbapenem resistant Escherichia
coli in rescued Sloth bears (Melursus ursinus), India. Vet. Res. Commun. 45: (2-3): 163-170.

VinodhKumar, O.R., Singh, B.R., Sinha, D.K., Pruthvishree, B.S., Tamta, S., Dubal, Z.B.,
Karthikeyan, R., Rupner, R.N. and Malik, Y.S. 2019. Risk factor analysis, antimicrobial
resistance and pathotyping of Escherichia coli associated with pre- and post-weaning piglet
diarrhoea in organised farms, India. Epidemiol. Infect. 147: 174.

Wall, B.A., Mateus, A.L.P., Marshall, L., Pfeiffer, D.U., Lubroth, J., Ormel, H.J., Otto, P. and
Patriarchi, A. 2016. Drivers, dynamics and epidemiology of antimicrobial resistance in animal
production. Food and Agriculture Organization of the United Nations.

Wadaskar, B., Kolhe, R., Waskar, V., Pawade, M. and Kundu, K. 2019. Isolation of Escherichia coli
and Salmonella species in flies trapped at animal farm premises Journal of Entomology and
Zoology Studies. 7(6): 198-201.

Wang, Y.-C., Chang, Y.-C., Chuang, H.-L., Chiu, C.-C., Yeh, K.-S., Chang, C.-C., Hsuan, S.-L., Lin,
W.-H. and Chen, T.-H. 2011. Transmission of Salmonella between Swine Farms by the
Housefly (Musca domestica). J. Food Prot. 74(6): 1012-1016.

Wetzker, W., Pfeifer, Y., Wolke, S., Haselbeck, A., Leistner, R., Kola, A., Gastmeier, P. and Salm, F.
2019. Extended-Spectrum Beta-Lactamase (ESBL)-Producing Escherichia coli Isolated from
Flies in the Urban Center of Berlin, Germany. Int. J. Environ. Res. Public. Health 16(9): 1530p.

World Health Organization (WHO). 2014. Antimicrobial resistance: global report on surveillance.
World Health Organization, Geneva,.
Available:http://www.who.int/Medicines/publications/antibioticresistant-bacteria/en/..

World Health Organization. 2017. Global priority list of antibiotic-resistant bacteria to guide research,
discovery, and development of new antibiotics. Geneva.
Geneva.Available:http://www.who.int/Medicines/publications/globalpriority-list-
antibioticresistant-bacteria/en/.

Wottlin, L., Harvey, R.B., Norman, K.N., Burciaga, S., Loneragan, G., Droleskey, R.E. and Anderson,
R.C. 2022. Prevalence and antimicrobial resistance of non-typhoidal Salmonella enterica from
head meat and trim for ground product at pork processing facilities. J. Food Pro.85 (7): 1008—
1016.

Xu, L., Gu, J., Wang, X., Song, Z., Jiang, H., Li, N., Lei, L., Xie, J., Hu, T. and Ding, Q.2022. Risk of
horizontal transfer of intracellular, extracellular, and bacteriophage antibiotic resistance genes
during anaerobic digestion of cow manure. Bioresour. Technol. 351: 127007.



105

Xu, Y., Tao, S., Hinkle, N., Harrison, M. and Chen, J. 2018. Salmonella, including antibiotic-resistant
Salmonella, from flies captured from cattle farms in Georgia, U.S.A. Sci. Total Environ. 616—
617: 90-96.

Yamada, K., Kashiwa, M., Arai, K., Nagano, N. and Saito, R. 2016. Comparison of the Modified-
Hodge test, Carba NP test, and carbapenem inactivation method as screening methods for
carbapenemase-producing Enterobacteriaceae. J. Microbiol. Methods 128: 48-51.

Yazdi M., Nazemi, A., Mirinargasi, M., Jafarpour, M., Sharifi, S.H. and Branch, T., 2012.
Genotypic versus phenptypic methods to detect extended-spectrum beta-lacatamases (ESBLS)
in uropathogenic Escherichia coli. Ann. Biol. Res.3: 2454-2458.

Ye, C., Xu, D., Chen, J., Hou, F., Wang, Y., Xu, Y., Zeng, Z., Peng, Y., Hu, D.-L. and Fang, R. 2021.
Antimicrobial Resistance and Molecular Characterization of Class 1 Integron in Salmonella
Isolates Recovered from Pig Farms in Chongging, China. Foodborne Pathog. Dis. 18(10): 712—
717.

Yen, N.T.P., Nhung, N.T., Phu, D.H., Dung, N.T.T., Van, N.T.B., Kiet, B.T., Hien, V.B., Larsson, M.,
Olson, L. and Campbell, J. 2022. Prevalence of carbapenem resistance and its potential
association with antimicrobial use in humans and animals in rural communities in Vietnam.
JAC-Antimicrob. Resist. 4(2): 038.

Yun, J., Muurinen, J., Nyké&senoja, S., Seppa-Lassila, L., Sali, V., Suomi, J., Tuominen, P., Joutsen, S.,
Hamalainen, M. and Olkkola, S. 2021. Antimicrobial use, biosecurity, herd characteristics, and
antimicrobial resistance in indicator Escherichia coli in ten Finnish pig farms. Prev. Vet. Med.
193: 105408.

Zhang, J., Wang, J., Chen, L., Yassin, A.K., Kelly, P., Butaye, P., Li, J., Gong, J., Cattley, R. and Qi,
K. 2018. Housefly (Musca domestica) and Blow Fly (Protophormia terraenovae) as Vectors of
Bacteria Carrying Colistin Resistance Genes. Appl. Environ. Microbiol. 84(1): 01736-17.



106

OCCURRENCE OF CARBAPENEMASE AND EXTENDED SPECTRUM
BETA LACTAMASE PRODUCING MAJOR ENTERIC BACTERIA IN
FARMED PIGS AND HOUSE FLIES FROM FARM PREMISES

MANOJ M.
(19-MVP-18)

ABSTRACT

Submitted in partial fulfilment of the requirements for the degree of

MASTER OF VETERINARY SCIENCE
(Veterinary Public Health)

2022

Faculty of Veterinary and Animal Sciences

Kerala Veterinary and Animal Sciences University

DEPARTMENT OF VETERINARY PUBLIC HEALTH
COLLEGE OF VETERINARY AND ANIMAL SCIENCE

POOKODE, WAYANAD - 673576
KERALA, INDIA



107

ABSTRACT

Intensively farmed pigs may act as a potential source of drug resistant bacteria due to
the use of antibiotics as feed additives or growth promoters apart from their therapeutic
purposes. Similarly, house flies in and around farm premises make effective contact with
animals, manure and the environment thereby transmitting anti-microbial resistant bacteria to
the food chain finally reaching humans. Hence, a study was designed to explore the
antimicrobial resistance in E. coli and Salmonella spp. isolated from fecal samples of the in-
house reared pig and flies trapped at farm premises. A total of 210 representative pig rectal
swabs and 30 pools of flies (15 pools from farm settings and 15 pools from non-farm settings)
were collected from different farms of Wayanad district and processed for bacteriological
culture. The recovery rate of E. coli from fly was 100 per cent and that from fecal samples was
96.7 per cent and Salmonella spp. were recovered from 13.33 per cent of flies from farm
settings, 3 (20 per cent) flies in non-farm settings, and 33 (15.7 per cent) from fecal samples.
The study also revealed that the recovered E. coli and Salmonella spp. were multi-drug resistant
strains and the E. coli isolates exhibited resistance to Ceftazidime (28.6%), Cefotaxime (49%),
Ertapenem (1%), Imipenem (1.4%), and Meropenem (0.5%) whereas, Salmonella spp. isolates
were resistance to Ceftazidime (12%), Cefotaxime (39.9%). None of them showed resistance
to following drugs Doripenem, Ertapenem, Imipenem, and Meropenem. ESBL resistance was
recorded more in E. coli (56%) than Salmonella spp. (48%) by phenotypic assays. In the
molecular study, ESBL genes could be detected in the E. coli i.e., blaCTX-M (48.6%), blaSHV
(10.5%), blaTEM (43.8%), and that in Salmonella isolates included blaCTX-M (48%), blaSHV
(12.12%), blaTEM (57.57%). Only two isolates from pig faecal were positive for the
carabapenemase producing OXA-48 gene. The present study is suggestive of the fact that flies
harbour multidrug resistant bacteria such as, ESBL producing E. coli and Salmonella strains.
Furthermore, Pig can act as a hub of ESBL resistance and the emergence of carbapenem
resistant genes in pigs cannot be neglected. The monitoring of AMR needs to be routinely

conducted inorder to eliminate the risk of AMR pathogen in food source.
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producing E. coli and Salmonella spp.
among farmed pigs. The study shall also
explore the role of flies in harbouring these
drug resistant bacteria.
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IS based
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resistant Enterobacteriaceae (CRE) in the
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112

recovered, although blave bearing CRE
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farm and sampling shall be repeated six
times at a regular interval from the same
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conferring resistance

resistance (Pruthvishree et al., 2017).
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Data will be statistically analysed using
SPSS version 24.0.
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14. Time frame of work

Semester |

1. Collection of literature

2. Planning of programme of research
work

3. Preparation of Synopsis

Semester 11

1. Collection of samples

2. Procurement of primers, antibiotic

discs and chemicals

3. Isolation of the E. coli and Salmonella

spp. from pig faecal and house fly samples
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4. Molecular confirmation of the isolates

Semester 111

1. Collection of samples and identification
of organisms

2. Phenotypic screening of isolates for
ESBL and carbapenemase production

3. Genotypic screening of isolates for
ESBL (blactx-m, blatem and blasny ) and
carbapenemase genes (blaive, blaoxa,
and blanpwm)

Semester 1V

1. Analysis of data and interpretation of the
results

2. Preparation and submission of thesis
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Date: 20.09.2020
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ANNEXURE |

COMPOSITION OF REAGENTS

Buffered Peptone Water (HiMedia) g/L
Casein enzyme hydrolysate 10.00
Sodium chloride 5.00
Disodium hydrogen phosphate 12H20 9.00
Monopotassium hydrogen phosphate 1.50

Final pH (at 25°C), 7.0£0.2

Mueller Hinton Agar g/L
Beef infusion 300.0
Casein acid hydrolysate 175
Starch 1.5
Agar 7.0

Final pH (at 25°C), 7.3+0.2

Nutrient Broth g/L
Peptic digest of animal tissue 5.0
Sodium chloride 5.0
Beef extract 1.5
Yeast extract 1.5

Final pH (at 25°C), 7.4£0.2

Normal Saline Solution (NSS) g/L
Sodium chloride 8.5¢
Distilled Water 1000 ml
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Cary Blair Transport Media
Sodium Thioglycolate

Disodium hydrogen phosphate
Sodium chloride

Calcium chloride

Agar

Final pH (at 25°C), 8.4+0.2
MacConkey Agar

Enzymatic Digest of Gelatin
Enzymatic Digest of Casein
Enzymatic Digest of Animal tissue
Lactose

Bile salts Mixture

Sodium chloride

Neutral red

Crustal Violet

Agar

EMB Agar

Peptic digest of animal tissue
Dipotassium phosphate
Lactose

Sucrose

Eosin - Y

Methylene blue

Agar

Final pH (at 25°C) 7.2+0.2

g/L
1.50

1.10

5.00

0.09
5.00

g/L
17.00
1.50
1.50
10.00
1.50
5.00
0.03
0.001
13.50

g/L

10.000
2.000
5.000
5.000
0.400
0.065

13.500
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XLD Agar g/L
Yeast extract 3.000
L-Lysine 5.000
Xylose 3.750
Lactose 7.500
Sucrose 7.500
Sodium deoxycholate 2.500
Ferric ammonium citrate 0.080
Sodium thiosulphate 6.800
Sodium chloride 5.000
Phenol red 0.080
Agar 15.00
Final pH ( at 25°C) 7.4+0.2
RV Broth g/L
Soya peptone 4.50
Sodium chloride 7.20
Potassium dihydrogen phosphate 1.26
Dipotassium hydrogen phosphate 0.18
Magnesium chloride, anhydrous 28.60
Malachite green 0.036

Final pH (at 25°C) 5.2+0.2



120

ANNEXURE I1
Tris Acetate-EDTA (TAE) buffer (50X stock solution)

Tris Base 24.29

Glacial Acetic Acid 5.71ml
EDTA (0.5M) 10.0 ml
Distilled Water 100.0 ml

Store at room temperature

For use dilute 1: 10 - distilled water for agarose gel electrophoresis

Gel loading dye

Sucrose 40 % (w/v) 49
Bromophenol Blue 0.25 %( w/v) 25mg
Xylene cynol 25 mg
Distilled water 10mi
Ethidium Bromide 10mg/ml (w/v)

Stored in dark cool place at 40°C in amber coloured bottle

Agarose gel (1%0)
One gram of agarose was dissolved by heating in 100ml 1X TAE buffer

MCFARLAND STANDARD

1.0% Barium chloride 0.05ml

1.0% Sulphuric acid 9.95ml

Approx. cell density 1.5x10s CFU/mlI

PCR reaction buffer (1X)

100mM Tris (pH 8.3)

500mM KCL

15mM MgCI2, Gelatin 0.1% Storage: -20°C
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