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ABSTRACT 
After the COVID-19 outbreak, the emergence of antimicrobial resistance among bacterial pathogens is 

another concern for public health. This study was designed to investigate the presence of multi-drug 

resistant β-lactamase producing and colistin resistant bacteria in raw meat, fish and milk sample collected 

from the local market. 

Carcass of fish (12), chicken (11) and beef samples (10) along with pasteurized milk (10) samples were 

aseptically collected from the local market of Mohakhali and Karwan Bazar. The samples were processed 

accordingly and cultured on selective &amp; non-selective media. Single colonies were selected from 

selective media depending on their colony morphology and cultural characteristics and a series of 

biochemical tests were conducted for the confirmation of the selected isolates. Subsequently, antibiotic 

profiling was done through Kirby-Bauer disk-diffusion method for identifying multi-drug resistant bacteria. 

Finally, Carbapenem & colistin resistant isolates were screened by PCR for detection of the antibiotic-

resistant genes. Afterward, the hemolysis pattern of the carbapenem & colistin resistant isolates was 

observed in blood agar plates. 

A total of 400 isolates of gram-positive & gram-negative bacteria were randomly selected from 43 samples 

by observing distinct colony morphology. Escherichia coli (23.87%) and Klebsiella spp. (21.86%) was the 

predominant species followed by Pseudomonas spp. (9.05%), Yersinia spp. (8.8%), Shigella spp. (7.03%), 

Providencia spp. (5.28%), Citrobacter spp. (5.02%), Salmonella spp. (4.77%), Proteus spp. (3.27%), 

Pasteurella multocida (3.27%), Streptococcus spp. (2.76%), Enterococcus spp. (2.01%), Enterobacter spp. 

(1.76%) and Moraxella catarrhalis (1.26%). Around 72.56% of isolates were resistant to ampicillin, 50.9% 

were resistant against 4th generation cephalosporin (cefepime), 12.02% were found to be resistant to 

carbapenem, 12.63% showed resistance against colistin and 22% isolates resisted at least 4 groups of 

antibiotics. The presence of bla-NDM gene was detected from 11 isolates and NDM gene was found from 

7 isolates followed by bla-TEM gene in 6 isolates, bla-IMP gene in 2 isolates & bla-CTX-M gene in 5 

isolates from 48 carbapenem-resistant isolates along with the presence of CLR gene was detected in 19 

isolates from 58 colistin resistant isolates which were confirmed by Polymerase chain reaction (PCR) 

analysis. While observing the hemolysis pattern of 48 carbapenem resistant isolates, 22.91% isolates were 

alpha hemolytic, 16.66% were β hemolytic. Subsequently out of 58 colistin resistant isolates, 54% showed 

alpha hemolysis and 46% isolates showed β hemolysis. 

The study reveals the alarming emergence of β-lactam & colistin resistant bacteria which is a serious public 

health concern. Due to horizontal gene transfer, these resistant genes can be shared by pathogens which 

might be a cause of another pandemic. 
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1.Introduction:  
Antimicrobial resistance is an emerging and rapidly evolving phenomenon. The increasing AMR pattern 

subsequently leads to treatment failure, causing significant morbidity and mortality and additional 

healthcare costs annually [64,65]. AMR is increasingly reported from all over the world (Nordmann et al., 

2011; Mohsin et al., 2017; Khattak et al., 2018; ur Rahman et al., 2018a). This phenomenon is currently 

observed in all bacterial species including clinically important Gram-negative bacilli (GNB) (Rubin and 

Pitout, 2014). Gram negative bacilli, “enterobacteriaceae and non-fermenters” are normal inhabitants of 

the human intestinal microflora (Vaishnavi, 2013); they are responsible for the most common hospital 

and community acquired infections.  The scenario seems even more challenging for developing countries 

mainly due to unrestricted use of antimicrobials and lack of surveillance programs to monitor emergence 

of drug resistance (Khan et al., 2010; Mitema 2010; ur Rahman et al., 2018a). The emergence of 

carbapenemases together with the mcr-1 colistin resistance gene constitutes a global risk to public health 

[56, 57]. Resistance to carbapenem drugs is quite worrisome as these drugs are thought to be the last 

resort against MDR bacteria (Meletis,2016). In recent years, extended ESBL and carbapenemase 

producing Gram negative bacteria have become widespread in hospitals, community settings and the 

environment. This has been triggered by the few therapeutic options left when infections with these 

multi-drug resistant organisms occur. The emergence of resistance to colistin, the last therapeutic option 

against carbapenem-resistant bacteria, worsened the situation. Recently, animals were regarded as 

potent antimicrobial reservoir and a possible source of infection to humans. Antimicrobial consumption 

(AMC) in the animal production system is almost double human consumption [66]. In many countries, 

antimicrobials are widely available to humans and animals without any restriction. Unqualified animal 

healthcare providers play an important role in using antimicrobials in food-producing animals in 

developing countries [67]. Exaggerated use of antibiotics in the production facilities of food animals not 

only for therapeutic purposes but also for growth promotion or prophylaxis purposes is thought to be the 

crucial factor behind this (Agyare et al., 2019). When bacteria in the guts of animals are exposed to various 

antimicrobial agents with sub-therapeutic concentrations and frequencies, they acquire resistance to the 

antimicrobial agents that have been used through selective pressure (Scott et al., 2002). Foods of animal 

origin act as a vehicle and medium to transmit various resistant microorganism to human population. 

Transfer can occur by means of residues of antibiotics in food like poultry meat (Jhonson et al., 2007), 

through the transfer of resistant food-borne pathogens or through the ingestion of resistant strains of the 

original food microflora and resistance transfer to pathogenic microorganisms (Pesavento et al., 2007). 

The increased frequency and genetic relatedness of carbapenem and colistin resistant isolates from 

animal originated food and humans pose a public health threat that urges more prudent use of 

antimicrobials in livestock farms and aquaculture to avoid the propagation and expansion of resistance to 

last resort drugs from the animal originated food sources to humans 

Carbapenems are a β -lactam group of drugs that were developed in the 1980s. There are three 

mechanisms by which K. pneumoniae employs carbapenem resistance: (i) enzymatic hydrolysis via 

carbapenemases enzymes, (ii) overexpression of the efflux pump system and (iii) loss of porin expression 

[61]. Carbapenemases (i.e., Ambler molecular classes A, B and D β-lactamases) represent the most 

prevalent mechanism of carbapenem resistance. They hydrolyze a wide variety of β-lactams including 

penicillins, cephalosporins, monobactams, carbapenems and β-lactamases inhibitors through 

carbapenemase encoding genes, mainly of class B metallo-β-lactamases (MBL), including imipenem 
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metallo-β-lactamases (bla-IMP), New Delhi metallo-β-lactamases (bla-NDM) and Verona integron-

encoded metallo-β-lactamases (bla-VIM) [60]. At the beginning, nearly all Enterobacteriaceae were 

susceptible to carbapenems. However, this scenario has changed with the emergence of carbapenem 

resistant bacteria in the last years. Carbapenems are not approved for use in livestock production 

anywhere in the world [51]; as a result, animal-feed use is assumed to be rare. Despite of the lack of direct 

selection pressure, little is known about the prevalence of carbapenems resistant Gram-negative and 

Gram-positive bacteria, and more specifically carbapenems resistant Enterobacteriaceae, in poultry and 

livestock populations and their associated environments. Even though there remains a low probability of 

direct selection, Carbapenem Resistant Gram-Negative Bacteria (CRGNB) have been reported by 

investigators in few studies. On the other hand, colistin is not only administered in humans, its use has 

been also described in veterinary medicine. Indeed, it has been suggested that the uncontrolled use of 

colistin in animals has played an important role in the global emergence of colistin-resistant bacteria 

(Collignon et al., 2016). The World Health Organization recently added polymyxins to the list of critically 

important antibiotics used in food producing animals worldwide (Collignon et al., 2016). For many years, 

colistin resistance was thought to be mainly mediated by chromosomic mutations, with no possibility of 

horizontal gene transfer. However, the emergence of the mcr-1 plasmid mediated colistin resistance gene 

(Liu et al., 2016) has thoroughly altered the view of colistin resistance as a worldwide problem (Baron et 

al., 2016). The current epidemiology of colistin resistance is poorly understood.  

In Bangladesh, commercial chicken and aquaculture industries are expanding day by day to meet the 

increasing demand for animal-source nutrition for humans. Both sectors are playing a significantly 

important role in the food value chain. Commercial chicken and fish farms perform intensive operations 

to increase production and minimize disease prevalence. Many types of drugs, including antimicrobials, 

vitamins, minerals, and antimicrobial growth promoters are extensively used in commercial chicken, cow 

farm and aquaculture production sectors [68, 69, 70, 71, 6, 72]. Many farmers in Bangladesh are less 

aware of the negative impact of excessive, irrational, and prophylaxis use of antibiotics in animals, and 

aquaculture. Inadequate veterinary healthcare facilities, insufficient monitoring and regulatory services 

on antibiotic usage, high occurrence of diseases, and malpractices by unqualified veterinary healthcare 

providers (quack, drug sellers, and animal feed dealers) contributed a crucial role in the increased and 

misusage of antibiotics in animal health sectors [72]. As a result in the last few years, carbapenem and 

colistin resistant bacteria have gradually appeared in animals and food. In Bangladesh, many studies 

reported antibiotic resistance in the commercial layer chicken in Bangladesh [ 6, 2, 4]. Colistin use in 

broiler production was not uncommon. There was an evidence of E. coli isolates that carried colistin-

resistant mcr-1 genes and some of them showed resistance against tetracycline, and Beta-Lactam 

antibiotics [21,73]. In Bangladesh, a study reported 37.5% of the layer farms used colistin during the 

chicken production cycle and bacterial isolates detected from fecal samples of layer chicken showed 

resistance against colistin [21]. Frozen chicken meat samples were also tested positive for ESBL producing 

E. coli and Methicillin-resistant Staphylococcus aureus (MRSA) [2, 76, 26]. The E. coli isolated from chicken 

meat samples were found resistant against multiples antibiotics, such as oxytetracycline, amoxicillin, 

ampicillin, trimethoprim–sulfamethoxazole, pefloxacin, tetracycline, and carbapenems [78]. S. aureus 

showed wide-ranging resistance against cefoxitin, nalidixic acid, ampicillin, oxacillin, colistin, amoxicillin–

clavulanic acid, amoxicillin, penicillin-G, cloxacillin, oxytetracycline, and cefixime [77] The occurrence of 

antibiotic-resistant bacteria in fish and freshwater was not uncommon in Bangladesh [ 74, 75]. In 

Bangladesh, 3,079 metric tons of poultry manure is produced per day and 50% of this is directly used in 

aquaculture [79]. For example, detectable amount of oxytetracycline residues was traced in 25% Pangas 
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fish samples from Sylhet Sadar [80]. Antibiotic resistance of E. coli and Salmonella spp. in foods including 

meat (poultry), milk and milk products (both raw and pasteurized) [15,81], were also found by some 

studies conducted in Bangladesh. Some studies also demonstrated the presence of the residue of different 

antibiotics (ciprofloxacin, enrofloxacin, amoxicillin, doxycyline, oxytetracylcine, and tetracycline) in 

poultry meat [83], milk, eggs [82] and fishes [80] as well. In a study conducted in Bangladesh E. coli isolated 

from beef sample were highly sensitive to ciprofloxacin, gentamicin and neomycin and 50% of the total 

isolates of E. coli from different animal originated food were multi-drug resistant.[2] 

Minimal information is available to describe the antibiotic usage practices in food-producing animals in 

Bangladesh. On the other hand, several studies were carried out to examine antibiotic resistance. 

Antibiotic resistance, particularly in commercial chicken production, was explored more than other animal 

production sectors, including aquaculture and livestock but the role of different kind of animal originated 

food product in transmission of carbapenem-and colistin co-resistant isolates and the molecular 

characterization of these resistant gene is poorly explored.  In our study we tried to focus on molecular 

characterization of carbapenem and colistin resistant gram positive and gram-negative bacterial isolates 

found from different kind of animal originated food. As these types of animal originated food (Chicken, 

meat, fish & milk) are consumed by people on a regular basis so it is important to study the resistance 

pattern of the last defense antibiotic in the bacterial isolated harbored by the animal because horizontal 

gene transfer can occur to human by consumption of such contaminated food which pose a threat to 

public health.    

 

 

1.1 Objectives: 
 In this study our results demonstrate that diverse organisms with various carbapenemase and colistin 

resistant genes are widespread in animal originated foods (poultry, beef, fish & milk) in local market of 

Dhaka, highlighting the need for promoting proper food hygiene and effective measures to prevent 

further dissemination. The specific objectives of this study are as follows: 

1. Screening of collected isolates by disk diffusion to detect the carbapenem and colistin resistant strains. 

2. Checking the hemolysis pattern of the resistant isolates. 

3. Detection of NDM, bla-NDM CTX-M, TEM and CLR genes by PCR. 
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2. Materials & Methods:  

2.1 Sample Collection & Processing: 
 

Chicken meat (11), beef (10), fish (12) and packet milk (10) samples were collected from the local market 

of Mohakhali & Kawran bazar of Dhaka, Bangladesh from August to November 2021.  The samples were 

immediately transported to the laboratory after being stored in sterile collection bags containing ice and 

further processing was done. The homogenization process for chicken liver, beef, and fish samples were 

carried out by taking 10 grams of sample and 90 ml of sterile distill water. All the samples were 

homogenized at 400 rpm for 15 minutes and filtered. After that the filtrate along with milk samples (both 

diluted to two-fold) were plated through spread plate method in both selective and non-selective media then 

incubated for 24 hours at 37 degrees centigrade. 

 

2.2 Microbiological analysis of the isolates:  
From the non-selective media, the total viable count of each dilution was determined and distinct colonies 

were randomly selected depending on colony morphology and phenotypic characteristics from each 

selective media. Following selective and non-selective media were used in this experiment.  

 

Table 2.1: Name of the selective & non-selective media 

 

Selective Media Non-selective media 

1. Eosine methylene blue Agar 1. Nutrient Agar 

2. MacConkey Agar  

3. Cetrimide Agar  

4. Xylose lysine deoxycholate Agar  

Selected isolates from selective media were streaked on nutrient agar (NA) for pure culture.  

2.3 Biochemical confirmation of the isolates: 
All the selected isolates were subjected to a series of biochemical tests for the identification of different 

species of bacteria. Following biochemical tests were conducted for bacterial identification:  

 

Table 2.2: Name of the conducted biochemical test 

 

 

 

 

 

 

Name of the conducted biochemical test 

1. Triple sugar iron test 

2. Indole test 

3. Methyl Red test 

4. Voges-Proskauer test 

5. Citrate test 

6. Motility test 

7. Urease Test 

8. Catalase test 

9. Oxidase test 

10. Gram Staining 
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2.4 Antibiotic Susceptibility Testing 
 

The antibiotic susceptibility of 10 different antibiotics from 9 distinct groups was tested on Muller Hinton 

agar using the conventional Kirby-Bauer disk diffusion method. In brief, after adjusting the turbidity of 

bacterial suspension equivalent to 0.5 McFarland standard, test suspension was inoculated on to Mueller–

Hinton agar plates, and then antibiotic disks were placed and incubated    at 37◦C for 18–24 h. Ciprofloxacin 

(CIP, 5 mg), cefepime (FEP,30mg), ampicillin (AMP, 10 mg), imipenem (IMI, 10 mg), azithromycin 

(AZM, 15mg), piperacillin tazobactam (TZP, 15 mg), gentamycin (CN, 10mg), colistin (CT, 10mg), 

meropenem ( MRP, 10mg), Amikacin ( AK , 30mg) were used for the assay. The results of the antimicrobial 

susceptibility test were interpreted according to the guidelines of Clinical and Laboratory Standards 

Institute (Clinical and Laboratory Standards Institute, 2018). 

 

2.5 Screening of Carbapenem & Colistin Resistant isolates: 
Based on the antibiotic susceptibility test result the isolates which showed resistance against meropenem 

and imipenem were listed as carbapenem resistant isolates and resistance against colistin was observed.  

Further molecular gene detection and pathogenicity characterization was performed on the carbapenem 

and colistin resistant isolates. 

 

2.6 Pathogenicity Characterization in Carbapenem & Colistin Resistant 

isolates:  
To check the pathogenicity of the carbapenem and colistin resistant isolates, the pure culture of the 

isolates was streaked on Blood agar to observe the hemolysis pattern. 

2.7 Molecular Detection of Carbapenem & Colistin Resistance Genes & Genetic 

Characterization:  
2.7.1 DNA Isolation: Genomic DNA of the selected isolates were extracted via boiling method. For the 

process of boiling method, the isolates were cultured in Luria Bertoni broth and incubated overnight at 

37 C. 700 microliter of the bacterial culture was transferred to eppendorf tubes and was centrifuged at 

3000 rpm for 10 minutes. The pellet was washed with 300 microliter phosphate buffer and was 

centrifuged at 13000 rpm for 5 minutes. The pellet was then suspended in 200 microliter TE buffer and 

subjected to boiling at 100 degree C in a water bath for 15 minutes, followed by cold shock of 10 

minutes. Then cell suspension was then centrifuged at 13000 rpm for 5 minutes which lead to the 

precipitation of the cell debris. The final supernatant was collected which contained the DNA, it was 

then visualized by loading in agarose gel electrophoresis. 

2.7.2 PCR Amplification of resistance genes: The presence of particular gene was determined by 

performing the polymerase chain reaction. PCR amplification was carried out for beta-lactamase gene of 

the family NDM, bla-NDM, bla-CTXm, bla-TEM, bla-IMP, bla-SHV and for colistin resistance gene 

CLR using following pair of primers. 
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Table 2.3: The oligonucleotide primers set as forward and reverse 

 

 

 

4 microliter of DNA template, 12 microliter of PCR master mix (Thermofisher), 5 microliter of nuclease-

free water       2 microliter of forward and 2 microliters of reverse primer were used in a 25-microliter 

reaction mixture. The PCR master mix contained equal amount of dNTP, Mgcl2, and Taq polymerase. The 

PCR was carried out on the sample under suitable and different conditions for each gene primer. Following 

PCR condition was used for each primer respectively. The PCR products were analyzed by electrophoresis 

with 1.2% agarose gel concentration. The gel was stained with ethidium-bromide and visualized under UV 

transilluminator. 

  

Primer Primer sequence PCR Condition Number 

of Cycle 

Amplicon 

Size 

NDM NDM-F: 5’-GGTTTGGCGATCTGGTTTTC-3’ 

NDM-R: 5’-CGGAATGGCTCATCACGATC-3’ 

95°C for 5 minutes 

94°C for 30 seconds 

58°C for 30 seconds 

72°C for 30 seconds 

72°C for 7 minutes 

36 264 

bla-NDM bla-NDM-1- F: 5'ACCGCCTGGACCGATGACCA-3' 

bla-NDM-1- R: 5'-GCCAAAGTTGGGCGCGGTTG-3' 

95°C for 7 minutes 

94°C for 30 seconds 

58°C for 30 seconds 

72°C for 30 seconds 

72°C for 7 minutes 

36 264 

bla-IMP bla-IMP-F: 5′- GAAGGCGTTTATGTTCATAC-3′ 

bla-IMP-R: 5′- GTATGTTTCAAGAGTGATGC-3′ 

95°C for 5 minutes 

95°C for 45 seconds 

60°C for 45 seconds 

72°C for 1 minute 

72°C for 8 minutes 

35 587 

bla-CTX-M bla-CTX-M F: 5’-ACGCTGTTGTTAGGAAGTG-3’  

bla-CTX-M R: 5’-TTGAGGCTGGGTGAAGT-3’ 

94°C for 3 minutes 

94°C for 60 seconds 

58°C for 30 seconds 

72°C for 60 seconds 

72°C for 10 minutes 

 

36 857 

bla-TEM bla-TEM F: 5’ AAAATTCTTGAAGACG-3’ 

bla-TEM R:  5’ TTACCAATGCTTAATCA-3’ 

94°C for 3 minutes 

94°C for 30 seconds 

50°C for 30 seconds 

72°C for 2 minutes 

72°C for 10 minutes 

35 980 

CLR CLR F: 5'CGGTCAGTCCGTTTGTTC-3’ 

CLR R: 5'CTTGGTCGGTCTGTAGGG-3’ 

94°C for 7 minutes 

94°C for 30 seconds 

58°C for 90 seconds 

72°C for 60 seconds 

72°C for 10 minutes 

36 309 
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Fig 2. 1: An overview of followed protocol 
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3. Result:  

3.1: Isolated bacteria from animal originated food:  
From 43 samples of animal originated food which included 11 chickens, 10 beef, 12 fish and 10 pasteurized 

packet milk samples, 400 isolates were obtained. The isolates were selected randomly depending on their 

phenotypic characteristics from 5 selective media named Cetrimide, EMB, MacConkey, UTI and XLD 

where the sample were speeded. 

 

 

1.Cetrimide Media              2. XLD media      3. EMB media   4. MacConkey media   5. UTI media 

Fig. 3. 1: Growth of specific bacterial colonies on different selective media 

Figure 3.1 shows the growth of distinct bacterial colonies on different selective media which were 

grown after incubation of 37-degree C.  

 

 

Fig. 3. 2 :Percentage of isolated bacteria from animal originated food sample 

 

A total of 400 isolates were biochemically identified, of which 23.87% were Escherichia coli, 21.86% were 

Klebsiella spp. 9.05% were Pseudomonas spp. 8.8% were Yersinia spp. 7.03% were Shigella spp. 5.28% 
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were Providencia spp. 5.02% were Citrobacter spp. 4.77% were Salmonella spp. 3.27% were Proteus spp. 

3.27% were Pasteurella multocida, 2.76% were Streptococcus spp. 2.01% were Enterococcus spp. 1.76% 

were Enterobacter spp. (1.76%) and 1.26% were Moraxella catarrhalis which were shown in the figure 3.2 

 

3.2: Antibiotic Susceptibility Test: 
Antibiotic susceptibility test shows the details of antibiotic resistance of the isolates. To check the 

antimicrobial susceptibility pattern of isolated bacteria from beef, chicken meat, milk and fish antibiotic 

disk diffusion method was performed. To compare the collected result CLSI guideline was followed. 

 

 

 

 

Fig. 3. 3 : Disk Diffusion method performed to check antimicrobial susceptibility pattern in selected 

isolates collected from chicken, beef, fish and milk 

 

Fig. 3.3 A: shows antimicrobial susceptibility pattern of the bacterial isolate collected from cultured fish. 

The isolate shows resistance to ampicillin, colistin, meropenem and shows sensitivity to gentamycin. Fig. 

3.3 B: shows the antimicrobial susceptibility pattern of the of bacterial isolate collected from chicken. The 

isolate shows resistance to ampicillin, piperacillin tazobactam, cefepime and shows sensitivity to, 

meropenem and gentamycin. Fig. 3.3 C: shows antimicrobial susceptibility pattern of the bacterial isolate 

collected from pasteurized packet milk. The isolate shows resistance to cefepime, imipenem and shows 

sensitivity to amikacin, colistin, azithromycin.  

                                                                

 

 

A B C 
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Fig. 3. 4 : Antimicrobial Susceptibility Pattern of isolated bacteria from animal originated food 

 

Figure 3.4 shows the details of total antibiotic resistance percentage of isolates where around 72.48% of 

isolates were resistant to ampicillin, 41.92% were resistant against 4th generation cephalosporin (cefepime), 

9.6% were found to be resistant to imipenem, 7.07% were resistant to meropenem, 22.47% showed 

resistance against colistin, 27.14% were resistant to ciprofloxacin, 10.36% to amikacin, 53.53% were to 

azithromycin, 11.61% were to gentamycin, 22.22% were to piperacillin/tazobactam 22.22% were to 

piperacillin/tazobactam and 22% isolates resisted at least 4 groups of antibiotics. 

 

Table 3. 1: Resistance percentage of antibiotics in different animal originated food sample 

Sample Ampicillin Cefepime Gentamycin Piperacillin 

Tazobactam 

Imipenem Meropenem Ciprofloxacin Amikacin Azithromycin Colistin 

Chicken 75.43% 15.78% 22.80% 32.45% 12.3% 8.77% 37.71% 17.54% 66.66% 14.65% 

Beef 82.22% 100% 7.77% 31.11% 4.44% 8.8% 38.8% 3.33% 43.2% 21.50% 

Milk 73.3% 38.5% 12.3% 27.7% 12.3% 10.8% 27.7% 13.8% 50.8% 6.06% 

Fish 64% 28.8% 4.8% 4% 9.6% 4% 8% 7.2% 44% 20% 

Table 3.1 shows that bacteria isolated from different animal originated food provide different type of 

resistance pattern against specific group of antibiotics. 

3.3 Distribution of Carbapenem & Colistin Resistant isolates in animal 

originated food:  
All samples of beef, chicken, fish & milk analyzed in our study harbored resistance against carbapenem 

and colistin. 
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Table 3.2 shows that Klebsiella spp. E. coli. Pseudomonas spp. is the predominant carbapenem resistant 

isolates and highest carbapenem resistance was found in fish sample.  

 

 

 

 

 

 

 

 

 

 

Table 3.3 shows that Klebsiella spp., Shigella spp., Pseudomonas spp. is the predominant colistin resistant 

isolates and highest colistin resistance was found in fish sample.                        

                                                                                                         

Name of the isolates Number 

of 

isolates 

Sample ( Number of total isolates = 400) 

Chicken 

(116) 

Fish 

(125) 

Milk 

(66) 

Beef 

(93) 

Klebsiella spp. 16 4 7 0 5 

E. coli 8 1 6 0 1 

Pseudomonas spp. 6 2 2 1 1 

Pasteurella multocida 3 0 2 0 1 

Salmonella spp. 3 3 0 0 0 

Shigella spp. 2 1 1 0 0 

Yersinia spp. 2 0 0 1 1 

Proteus spp. 2 0 1 0 1 

Enterobacter spp. 2 2 0 0 0 

Enterococcus spp. 1 1 0 0 0 

Streptococcus spp. 1 1 0 0 0 

Moraxella catarrhalis 1 0 0 0 1 

Citrobacter spp. 1 0 1 0 0 

Total = 48 15 20 2 11 

Table 3. 2: Details of selected carbapenem resistant isolates from different animal originated food types 

Table 3. 3: Details of selected colistin resistant isolates from different animal originated food types 

Name of the isolates Number 

of 

isolates 

Sample (Number of total isolates = 400) 

Chicken 

(116) 

Fish 

(125) 

Milk 

(66) 

Beef 

(93) 

Klebsiella spp. 15 3 8 0 4 

Shigella spp. 9 3 2 0 4 

Yersinia spp. 8 1 2 2 3 

Pseudomonas spp. 8 2 4 1 3 

E. coli 7 1 2 0 0 

Salmonella spp. 6 4 2 0 0 

Providencia spp. 5 1 2 1 1 

Proteus spp. 3 2 0 0 1 

Citrobacter spp. 2 0 0 0 2 

Enterococcus spp. 1 0 1 0 0 

Pasteurella multicoda 1 0 1 0 0 

Enterobacter spp. 1 0 1 0 0 

Total = 66 17 25 4 20 
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3.4: Hemolysis pattern of Carbapenem 

Resistant isolates :  
 

 

 

 

 

 

 

 

 

 

 

Fig. 3. 6: Hemolysis pattern on blood agar 

  

 Figure 3.5 shows that alpha hemolysis is higher in carbapenem resistant isolates than beta hemolysis.  

Table 3.4 shows that pseudomonas spp. was the predominant isolate which exhibited the highest hemolysis 

pattern followed by Klebsiella spp. and E. coli.  

In figure 3.6, A is Pseudomonas spp. of beef sample which exhibited Beta hemolysis and B is 

Salmonella spp. of chicken sample which exhibited alpha hemolysis. 

 

 

 

 

Organism 
Name 

Sample Hemolysis Pattern 

Alpha 

hemolysis 

Beta 

hemolysis 

Pseudomonas 

spp. 

Fish 1 0 

Milk 1 0 

Beef 1 1 

Chicken 1 1 

Klebsiella 

spp. 

Fish 0 0 

Milk 0 0 

Beef 1 2 

Chicken 0 0 

E. coli Fish 0 3 

Milk 0 0 

Beef 0 0 

Chicken 0 0 

Salmonella 

spp. 

Fish 0 0 

Milk 0 0 

Beef 0 0 

Chicken 2 0 

Yersinia spp. Fish 0 0 

Milk 0 0 

Beef 0 1 

Chicken 0 0 

Streptococcus 

spp. 

Fish 0 0 

Milk 0 0 

Beef 0 0 

Chicken 1 0 

Citrobacter 

spp. 

Fish 1 0 

Milk 0 0 

Beef 0 0 

Chicken 0 0 

Pasteurella 

multicoda 

Fish 1 0 

Milk 0 0 

Beef 0 0 

Chicken 0 0 

 

 

22.91%

16.66%

Hemolysis Pattern of 
Carbapenem Resistant Isolates

Alpha
Hemolysis

Beta Hemolysis

A B 

  Table 3.4: Details of hemolysis pattern in   

carbapenem resistant isolates of animal 

originated food types              

                                                                                      

               

                                                                                         

carbapenem resistant isolates from animal                     

                                                      originated food 

types Hemolysis pattern of Carbapenem 

Resistant isolates : 

Fig. 3. 5: Percentage of hemolysis pattern of 

carbapenem resistant isolates 
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3.5: Hemolysis pattern of Colistin resistant 

isolates: 

 

Fig. 3. 7: Percentage of hemolysis pattern of colistin 

resistant isolates 

 

Fig. 3. 8: Hemolysis pattern on blood agar 

 

 

 

 

  

 

25, 54%

21, 46%

Hemolysis pattern of colistin resistant 
isolates

Alpha Hemolysis

Beta hemolysis

Organism 

Name 

Sample Hemolysis Pattern 

Alpha 

hemolysis 

Beta 

hemolysis 

Shigella spp. Fish 1 0 

Milk 0 0 

Beef 0 3 

Chicken 0 3 

Pseudomonas 

spp. 

Fish 2 1 

Milk 0 0 

Beef 1 1 

Chicken 1 1 

Klebsiella 

spp. 

Fish 2 1 

Milk 0 0 

Beef 3 0 

Chicken 0 0 

 Yersinia spp. Fish 1 0 

Milk 1 1 

Beef 0 1 

Chicken 0 1 

Salmonella 

spp. 

Fish 1 1 

Milk 0 0 

Beef 0 0 

Chicken 2 0 

E. coli Fish 1 0 

Milk 1 0 

Beef 0 2 

Chicken 0 0 

Proteus spp. Fish 1 0 

Milk 0 0 

Beef 1 0 

Chicken 1 1 

Citrobacter 

spp. 

Fish 0 0 

Milk 0 0 

Beef 2 0 

Chicken 0 0 

Providencia 

spp.  

Fish 0 1 

Milk 0 0 

Beef 0 0 

Chicken 0 1 

Enterobacter 

spp. 

Fish 0 0 

Milk 0 0 

Beef 1 0 

Chicken 0 0 

Pasteurella 

multicoda 

Fish 1 0 

Milk 0 0 

Beef 0 0 

Chicken 0 0 

A 

B 

   Table 3.5: Details of hemolysis pattern in   

colistin resistant isolates of animal originated 

food types              

                                                                                      

               

                                                                                         

carbapenem resistant isolates from animal                     

                                                      originated food 

types Hemolysis pattern of Carbapenem 
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Figure 3.7 shows that alpha hemolysis is higher in colistin resistant isolates than beta hemolysis.  

Table 3.5 shows that Shigella spp. was the predominant isolate which exhibited the highest hemolysis 

pattern followed by Pseudomonas spp., Klebsiella spp. and Yersinia spp. 

In figure 3.8, A is Yersinia spp. of milk sample which exhibited Beta hemolysis and B is Klebsiella spp. 

of fish sample which exhibited alpha hemolysis.  

3.6: Identification of antibiotic resistant gene through PCR: 
 All 48 carbapenem resistant isolates of animal originated food sample were further characterized for the 

presence of carbapenemase-encoding genes including bla-NDM, NDM, bla-IMP and results are shown in 

figure 3.8. Briefly, our results revealed that bla-NDM was predominant and identified in 11 (22.91%) 

isolates. This was followed by NDM carried by 7/48 (14.58%) isolates while two was was harboring bla-

IMP gene. The presence of ESBl gene (bla-CTXm, bla-TEM) in the carbapenem resistance isolates were 

also analyzed and genetic characterization was conducted. Six isolates out of 48 carbapenem resistant 

isolates (12.5%) carried bla-TEM gene and four isolates (8.33%) carried bla-CTXm gene. All 66 colistin 

resistant isolates of animal originated food sample were further characterized for the presence of colistin -

encoding gene named CLR carrying mcr-1 gene and results are shown in figure 5. Out of 66 colistin 

resistant isolates 20 isolates (30.30%) showed resistance against CLR gene. 

 

 

 

Fig. 3. 9: Distribution of carbapenemase gene in carbapenem resistant isolates 

 

Figure 3.9 shows that only Klebsiella spp. isolates harbored both NDM and Bla-NDM gene and 

Pseudomonas spp. isolates harbored both bla-NDM and bla-IMP gene. Citrobacter spp., Yersinia 

spp. and Enterococcus spp. had 100% of harboring carbapenemase resistant gene and E. coli 

isolates had the lowest percentage.  

25%

66.67%
50%

18.75%

50%
33.34% 33.34%

12.50%

100% 100%

16.67%

100%

0%

20%

40%

60%

80%

100%

120%

P
er

ce
n

ta
ge

 o
f 

re
si

st
an

t 
ge

n
e

Name of the isolates

Distribution of carbapenemase gene in carbapenem 

resistant isolates

NDM

bla-NDM

bla-IMP



18 
 

 

Fig. 3. 10: Distribution of B-lactam gene in carbapenem resistant isolates 

 

Figure 3.10 shows that there were no isolates that harbored both bla-CTX-M and bla-TEM gene. Salmonella 

spp. had 66.67% of harboring bla-TEM gene and Klebsiella spp. isolates had the lowest percentage. 

Pseudomonas spp. and Pasteurella multocida had 33.34% of harboring bla-CTX-M gene and E. coli 

isolates had the lowest percentage.  

 

 

Fig. 3. 11: Distribution of CLR gene in colistin resistant isolates 

 

Figure 3.11 shows that Enterobacter spp. and Pasteurella multocida had 100% of harboring CLR gene. 

After that, Shigella spp. had the highest percentage (66.67%) of carrying CLR gene, followed by 

Providencia spp., Yersenia spp., Pseudomonas spp. and Salmonella spp. Klebsiella spp. had the lowest 

percentage. 
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Table 3.6:  Distribution of B-lactam genes in different bacteria isolated from different animal 

originated food sample 

B = Beef; F = Fish; C = Chicken; M= Milk 

Table 3.6 shows that NDM gene was prevalent in Klebsiella spp. isolated from fish sample and bla-NDM 

was prevalent in Salmonella spp. isolated from fish sample too. On the other hand, the table shows that bla-

IMP was prevalent in Pseudomonas spp. and Enterococcus spp. which were isolated from fish and chicken 

sample respectively. According to the table, bla-TEM was prevalent in in Salmonella spp. isolated from 

fish and bla-CTX-M was prevalent in Pseudomonas spp.  and E. coli which were isolated from fish, chicken 

and beef sample. Only one Yersinia spp. isolate found from milk sample carried the bla-NDM gene while 

rest of the carbapenem resistant isolates did not carry any other B-lactam resistant gene. 

 

Fig. 3. 12: Gel electrophoresis of 100bp ladder and PCR product of bla-NDM 

 

Fig. 3.12 shows the gel electrophoresis result of blaNDM-1 gene. The gel shows nine bands of different 

isolates which were collected from beef, fish, chicken and milk sample. The arrowed isolates were positive 

for bla-NDM. The isolates showed the band at 264 bp which confirms the presence of the bla-NDM gene. 

Organism Distribution of B-lactam genes 

NDM bla-NDM bla-IMP bla-CTX-M bla-TEM 

 

Klebsiella spp. 

B F C M B F C M B F C M B F C M B F C M 

1 3 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 1 1 0 

Salmonella spp. 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 

Enterobacter spp. 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Proteus spp. 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Pasteurella 

multocida 

0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

Pseudomonas spp. 0 0 0 0 0 0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 

E. coli 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 

Citrobacter spp.  0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Yersinia spp. 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Enterococcus spp. 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Ladder 

264 bp 

bp264 
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Fig. 3. 13:  Gel electrophoresis of 100bp ladder and PCR product of CTX-M 

 

Fig. 3.13 shows the gel electrophoresis result of bla-CTX-M gene. The gel shows four bands of different 

isolates which were collected from beef, fish and chicken sample. The arrowed isolates were positive for 

bla-CTX-M. The isolates showed the band at 857 bp which confirms the presence of the bla-NDM gene. 

 

 

 

Fig. 3. 14: Gel electrophoresis of 100bp ladder and PCR product of NDM 

 

Fig. 3.14 shows the gel electrophoresis result of NDM gene. The gel shows four bands of different isolates 

which were collected from beef, fish and chicken sample. The arrowed isolates were positive for NDM. 

The isolates showed the band at 264 bp which confirms the presence of the NDM gene. 

 

 

 

  857 bp 

bp264 

Ladder 

Ladder 

 

  857 bp 

bp264 

Ladder 

  264 bp 

bp264 
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Table 3.7:  Distribution of colistin resistant genes in different bacteria isolated from different   animal 

originated food sample 

Organism Distribution of Colistin 

resistant genes 
CLR 

 

Klebsiella spp. 

Beef Fish Chicken Milk 
1 0 0 0 

Salmonella spp. 0 0 2 0 

Enterobacter spp. 1 0 0 0 

Yersinia spp.  0 1 1 1 

Pasteurella multocida 0 1 0 0 

Pseudomonas spp. 1 2 0 0 

E. coli 1 0 0 0 

Shigella spp. 2 1 3 0 

Providencia spp. 0 1 1 0 

 

Table 3.7 shows that CLR gene was prevalent in Shigella spp. isolated from chicken sample followed by 

beef sample. Only one Yersinia spp. isolate found from milk sample carried the CLR gene. The table also 

shows that CLR gene was most prevalent in the bacterial isolates found from chicken sample followed by 

beef and fish sample. 

 

Fig. 3. 15: Gel electrophoresis of 100bp ladder and PCR product of CLR 

 

Fig. 3.15 shows the gel electrophoresis result of CLR gene. The gel shows eight bands of different isolates 

which were collected from beef, fish and chicken sample. The arrowed isolates were positive for CLR. The 

isolates showed the band at 309 bp which confirms the presence of the CLR gene 

Ladder 

Ladder 

  309 bp 

bp264 

309 bp 
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Discussion:  
The increasing prevalence of antimicrobial resistance created serious problems for treatment of bacterial 

infections and continue to be a major challenge for public health worldwide. The high emerging of 

multidrug resistance is aggravated by the use of antibiotics without restrictions in agriculture, especially in 

food animals. The spread of antibiotic resistant bacteria from chicken or animal samples in general poses 

public health risk and increases the likelihood to spread in the human population. Analysis of foods Of 

livestock and aquatic origin such as fish is expected to yield diverse species of bacteria and we identified 

12 genera of both gram-positive and gram-negative bacteria through biochemical identification. In this 

study, we aimed to investigate carbapenems & colistin resistance among gram- negative and gram-positive 

isolates from chicken, fish, milk & beef. The emergence of colistin resistance is a global public health 

concern, since this antibiotic is the last defense line against carbapenem-resistant isolates. So far, there is 

only one published data on colistin and carbapenem resistance in ESBL isolated from chickens and their 

environment in the same geographical region (Elmonir.et. al, 2021). There is no specific published data on 

colistin and carbapenem resistant gene which focused on total four animal originated food sample (poultry 

chicken, fish, milk & beef) simultaneously.  

In this study, Escherichia spp. were the most frequently isolated bacterial species (23.80%) from all four 

samples. Rahman et al. reported the prevalence of E. coli in foods of animal origin was 37.86% which is 

higher than our findings as in our study the prevalence of E. coli in animal originated food was 23.86% 

(Figure 1).  The prevalence of E. coli was 64.4% in the poultry meat in our study which is lower than the 

result obtained by Mandal et al. who reported E. coli (76%) being prevalent in poultry chicken in 

Bangladesh but higher than the results obtained by Chika et al. who reported E. coli (30.3%) as the most 

prevalent organisms isolated from cloacal swabs of poultry birds. Chika et al. found Klebsiella species & 

Pseudomonas aeruginosa (34.88%, 32.7% respectively) in abundance in poultry chicken but in our study 

the prevalence of Klebsiella spp. and Pseudomonas spp. was 12.9% and 8.77 respectively in poultry meat. 

In our study the prevalence of other bacterial species in poultry meat were also observed which were in 

quite low percentage than E. coli and the prevalence of gram-negative bacteria is higher than gram positive 

bacteria. Similar result was also overserved in our other three animal origin food sample where the 

percentage of E. coli & Klebsiella spp.  was the most prevalent. In beef sample the prevalence of E. coli 

and Klebsiella spp.  was 23% and 13% respectively and in milk sample the prevalence was 17% and 15% 

which is lower than the study reported by Rahman et al. because the prevalence of E. coli was 70% in beef 

and 29.63% in milk. Asem et al. reported E. coli as the predominant species isolated from seafood, followed 

by Klebsiella oxytoca, K. pneumoniae, and Citrobacter diversus which resembles with our study as the 

prevalence of E. coli & Klebsiella spp. (20.17% and 28%) was also predominant in our fresh water fish but 

the prevalence of Klebsiella spp. is higher than E. coli. This variation in prevalence with current study might 

be due to the variation in the selection of sample and isolating a wide range of bacterial species instead of 

focusing on specifically one. There is no specific study in Bangladesh which focused on a wide range of 

gram positive and gram-negative bacteria found in different type of animal originated food types. 

In the antimicrobial susceptibility study, we used 10 antibiotics of nine different classes. The challenge was 

not negligible as four (meropenem, cefixime, colistin, and ciprofloxacin) of the antibiotics tested in this 

study are classified by the World Health Organization as extremely important antibiotics in human 

medicine, and the other six (levofloxacin, ampicillin, amikacin, gentamicin, imipenem, azithromycin) are 

classified as highly important antibiotics (World Health Organization, 2017). In our study the highest 

resistance was observed against ampicillin followed by 4th generation cephalosporin, azithromycin and 

ciprofloxacin (Figure 3.3) in animal origin of food. The  study of Rowshan et.al reported 55% prevalence 

of Extended-Spectrum Beta-Lactamase (ESBL)-producing E. coli in broiler ceca and feces at households, 

farms, and live poultry markets where majority (71%) of the ESBL-producing E. coli isolates showed 
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resistance against fluoroquinolones and cefepime, followed by sulfonamides (65%) and aminoglycosides 

(31%) but in our study the isolated bacteria of poultry meat collected from local market showed maximum 

resistance in ampicillin (75.43%), followed by azithromycin (66.66%), Ciprofloxacin (37.71%) and 

Piperacillin tazobactam ( 32.45%) (Table 1). Contamination in the beef liver by antibiotic-resistant bacteria 

with resistance against ciprofloxacin (40%) and ampicillin (6.67%) was also reported by Rana et.al which 

differed from our studies as the resistance of ampicillin (82.22%) was very higher in beef respectively 100% 

resistance was observed in 4th generation cephalosporin 38.8% in ciprofloxacin and 43.2% in azithromycin. 

(Table-3.1). In our study predominant bacteria found in cultured fish of local market showed highest 

resistance in ampicillin (64%) followed by azithromycin (44%), cefepime (28.8%) & colistin (28.8%) 

differs with the study by Farazana et. al (2018) as they found 100% resistance in Penicillin and 

cephalosporin but they did not overserve any carbapenem resistance like our study shows resistance pattern 

in meropenem (4%) & imipenem (9.6%). The resistance pattern observed in the predominant bacteria found 

in pasteurized milk showed highest resistance in ampicillin (73.3%) followed by azithromycin (50.8%), 

cefepime (38.5%) and piperacillin tazobactam (27.7%) which resembles with the study of Marjan et.al as 

the highest resistance was also found against ampicillin followed by ciprofloxacin cephalosporin in 

different pathogenic isolates of milk and milk products in their study. Although limited numbers of samples 

from different animal originated food samples were analyzed in our study, the results clearly point to the 

contamination of Livestock and fresh water fish with multiple antibiotic-resistant.  

The overall percentage of Carbapenem resistant among Gram negative bacteria was 95.84%. This rate is 

much higher than the prevalence rate of 59% obtained from Spain and higher than that obtained from Qatar 

(2.2%) . A study by Gregg et al., (2018), showed greater than 50% CRE in any of the isolates obtained from 

poultry meat, while Gernot et al., (2014) showed no CRE in any of the isolates obtained from Chicken Meat 

in Austria but in our study, we found 12.93% carbapenem resistant isolates from poultry chicken. In our 

study 12.3% imipenem resistant isolates obtained from pasteurized packet milk which resemble with the 

study by Marajan. et. al (2014) as they found 10.5% resistance in imipenem. Total 11 carbapenem resistant 

isolates were found from 10 beef samples in our study which is higher than the study by Qianhui et. al as 

they found only 3 carbapenem resistant isolates from 60 beef sample from 2016-2018. The percentage of 

total carbapenem resistant isolates were 11.82% in beef sample (imipenem- 4.4%, meropenem-8.8%) and 

11.55% in pasteurized packet milk which is lower than other two animal origin food sample (chicken & 

fish) of our study (Table-3.1). The total percentage of carbapenem resistant isolates in fish sample is 16% 

(Table-3.2) of our study which is higher than the study by Sugawara et. al as they found 12.5% carbapenem 

resistant isolates in fish. In this study prevalence of carbapenem resistance was observed in Klebsiella spp 

and E. coli (Table-3.2) which is similar to other studies (Ballot.et.al; 2019, Perovic.et.al; 2018, 

Grundmann.et.al; 2017). The occurrence of Carbapenem resistant bacteria in livestock and seafood has 

been also reported in African, American, Asian, and European countries. Two studies investigated the 

transmission of CRE between animals and exposed humans [19]. Differences in the prevalence of 

carbapenem resistant bacteria in different country in different animal originated food is visible in this study.  

The reasons for these differences may be due the time each country started using carbapenems in clinical 

practice and regulations and restrictions imposed on antibiotic use in animal farm. The prevalence 

differences may also be attributed to the geographical location, climatic circumstances, environmental 

contamination, sample types, differences in breed, management systems and growth conditions. 

Colistin is considered one of the last-resort reserved antibiotics for humans. However, colistin is used in 

animals for therapeutic, prophylactic, and growth promotion purposes (Catry.et.al, 2015). In Bangladesh, a 

study reported 37.5% of the layer farms used colistin during the chicken production cycle and bacterial 

isolates detected from fecal samples of layer chicken showed resistance against colistin (Islam.et.al, 2020).  

In another study conducted in Bangladesh, Hashem and colleagues reported E. coli isolates that were 100% 
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susceptible to colistin sulphate. The rate of susceptibility is only 77.53% among our isolates in all of our 

animal originated food sample. In our study the highest colistin resistance was overserved in beef (21.50%), 

followed by fish (20%) and chicken (14.67%) and lowest colistin resistance was observed in milk (6.06%). 

The study by Islam. et. al (2020) reported highest colistin resistance in Proteus spp. followed by Klebsiella 

spp., Shigella spp., Salmonella spp. isolates from poultry chicken but in our study highest colistin resistance 

was found in Klebsiella spp. (22.72%), Shigella spp. (13.63%), Yersinia spp. (12.12%) and Pseudomonas 

spp. (12.12%) in all animal originated food sample. This can reflect either the abuse of colistin sulphate, or 

the acquisition of colistin resistance genes while integrating other antibiotic resistance genes, if these 

determinants are located on the same mobile genetic element.  

In the study, hemolysis pattern was observed in the screened carbapenem & colistin resistant isolates to 

check the pathogenicity. No study has been found in Bangladesh which reported the pathogenicity of 

antibiotic resistant isolates. In our study 22.91% carbapenem resistant isolates were alpha hemolytic and 

16.66% isolates were β hemolytic. (Figure-3.4) In total 4 sample the highest hemolysis pattern was observed 

in fish followed by chicken, beef and milk. In carbapenem resistant isolates Pseudomonas spp. (6) was 

predominant followed by Klebsiella spp. (3), E. coli, (3) Salmonella spp. (2), Yersinia spp. (1), 

Streptococcus spp. (1), Citrobacter spp. (1), Pasteurella multocida (1) (Table- 3.4). In this study 54% 

colistin resistant isolates were alpha hemolytic and 46% isolates were beta hemolytic (Figure-3.6). The 

highest hemolysis pattern was observed in beef followed by fish, chicken and milk. In colistin resistant 

isolates Shigella spp. (7) was predominant followed by Pseudomonas spp. (7), Klebsiella spp. (6), Yersinia 

spp. (5), Salmonella spp. (4), E. coli (4), Proteus spp. (4), Citrobacter spp. (2), Providencia spp. (2), 

Enterobacter spp. (1), Pasteurella multicoda (1) (Table-3.5). The resistant isolates which showed alpha and  

β hemolysis in blood can be designated as potential pathogen which can cause infectious diseases among 

animal and human.   

The emergence of metallo- β lactamases, ESBl and colistin resistance genes in poultry, livestock and fish 

production facilities may influence the spread of resistant bacteria among animals and humans. In the 

poultry production system, one study reported the isolation of K. pneumonia and K. oxytoca harboring 

NDM metallo beta-lactamases (Abdallah et al., 2015). Another study described the identification of K. 

pneumoniae carrying OXA-48, NDM and KPC type carbapenemases. Isolated strains were recovered from 

the liver, lungs, and trachea of broiler chicken (Hamza et al., 2016). Predominance of NDM and bla-NDM 

producing Klebsiella spp. was identified in our study where three NDM and three bla-NDM producing 

Klebsiella spp. isolates were found from cultured fish and only one NDM harboring Klebsiella spp. was 

detected in beef. From poultry meat, we have found one Enterobacter spp.  which harbored NDM gene and 

bla-TEM gene respectively and one Enterococcus spp. isolate which harbored bla-IMP gene. Bla-NDM 

positive one Pasteurella multocida isolate were also identified in beef sample. The study by Sonia et. al 

(2020) reported that all the isolated of Salmonella spp. found from frozen chicken meat in their study were 

positive for the bla-TEM gene, 2.7% were positive for bla-CTX-M-1, and 20.3% for bla-NDM-1 whereas 

in our study 66.67% Salmonella spp. isolated from poultry meat sample were positive for bla-TEM and bla-

NDM. In this study, prevalence of bla-CTX-M gene was identified in E. coli, Pseudomonas spp. and 

Pasteurella multocida in only fish and beef sample. In another study conducted in India, it was reported 

that bla-NDM-5 carbapenemase gene was found in one E. coli isolated from milk samples obtained from 

mastitic cow (Ghatak.et.al, 2013) whereas our study reported bla-NDM harboring Yersinia spp. and bla-

imp harboring Pseudomonas spp. found in pasteurized packet milk. E. coli and K. pneumoniae are the most 

common enterobacteria harboring TEM-type β-lactamases, but their occurrence in other bacterial species 

is increasingly being reported. Some of these include Enterobacter aerogenes, Morganella morganii, 

Proteus mirabilis, Proteus rettgeri, and Salmonella enterica (Bradford.et.al, 2001). In our study, two 

Klebsiella spp. isolate from fish and chicken respectively and one Proteus spp. isolate from fish harbored 
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bla-TEM gene. Identification of NDM in isolates of different bacteria recovered from meat, milk and fish 

is alarming suggesting that NDM has been equally widespread both among animal- as well as human. NDM 

gene is considered to be originated from Indian continent particularly India, Pakistan and Bangladesh and 

spread to other parts of the world quite speedily (Poirel et al., 2010; Habeeb et al., 2013).  

In a Swiss study, the mcr-1 gene was detected in 25.8% of retail poultry meat (chicken and turkey) from 

Germany (28 samples) and Italy (5 samples). The mcr-1 gene has not been found in any of a set of chicken 

and turkey meat samples from Switzerland, Denmark, Austria, and Hungary (Zurfluh et al., 2016). In Brazil, 

the presence of E. coli with mcr-1 was detected in 19.5% of the tested retailed chicken meat and liver 

samples (Monte et al., 2017). This study identified mcr-1 at a higher frequency in Salmonella spp. than in 

E. coli. In a Bangladeshi study by Islam. et. al showed that approximately one-third of the isolates from 

poultry chicken droppings carried the hazardous mcr-1 gene which resembles with our study as 30.30% 

gram-negative colistin resistant bacteria isolated from different animal origin food sample harbored plasmid 

mediated mcr-1 gene. In our study, the prevalence of mcr-1 mediated Shigella spp. and Yersinia spp. was 

higher in different food sample but the percentage of mcr-1 mediated Enterobacter spp. and Pasteurella 

multocida was 100% in food samples. Highest mcr-1 mediated gram-negative bacteria was isolated from 

chicken meat, (7) followed by fish (6), beef (6) and milk (1) in this study. It would be interested to further 

investigate the genetic background of these genes, plasmid types, and plasmid sizes, and whether all these 

genes are carried on the same or different plasmids.  

Altogether, our data report on the presence of β -lactam and colistin resistant gene suggesting that poultry 

meat, beef, fish, milk might be a source of these genes. While exploring the risk factors for MDR bacterial 

infection in broiler chickens, Beef and fish was the potential risk factors namely ‘use of antibiotics without 

prescription of veterinarians’ were identified. One of the major concerns is over-the-counter sale of 

antibiotics without prescription that promote irrational use, overuse, and misuse of antibiotics in the animal 

health as well as human health sectors in most of the developing countries including Bangladesh (Hassan 

et al., 2021; Kalam et al., 2021; Kumar et al., 2013; Masud et al., 2020). Subsequently, indiscriminate use 

of antibiotics without prescription contributes to the development and spread of antimicrobial resistance 

(McEwen & Collignon, 2018; Singer et al., 2003). The high prevalence of multidrug-resistant bacteria and 

antibiotic residues in fish samples indicate frequent and indiscriminate use of antibiotics in aquaculture. 

The use of medicated feed is widespread in aquaculture. Avoiding overuse of feed is thus a relatively 

straightforward way to reduce environmental contamination with antimicrobial residues and resistant 

bacteria, since up to 30% of feed is unconsumed (Cabello et al. 2013). Inappetence is a typical symptom of 

infections in aquatic animals, so pro-viding medicated feed can be of questionable benefit unless very 

carefully managed (Ranjan et al. 2017). The presence of B-lactamase and colistin resistance gene in 

pasteurized packet milk indicated toward inadequate farm conditions, operational errors such as faulty 

pasteurization, and personnel related contamination which are important in terms of packet milk safety. 
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Conclusion:  
The dissemination of ESBL, carbapenemase, and colistin resistant gram-negative & gram-positive bacteria 

in food producing animals brought into question the real efficacy of antibiotic administration in animals in 

terms of treatment, prophylaxis and growth promotion. Antibiotics usage in commercial chicken, cow-farm 

and aquaculture production sectors was extensive in Bangladesh. Non-therapeutic usage of antibiotics in 

commercial chicken, cow and fish has raised significant concerns about the development of antibiotic 

resistance. Since antibiotic resistance is a multi-faceted problem, Bangladesh needs well-coordinated 

efforts through the One Health approach to combat antibiotic resistance. Government should develop and 

implement strict guidelines urgently for the use of antimicrobial agents in food animals. Comprehensive 

antibiotic administration monitoring systems can be helpful to minimize the emergence of antibiotic 

resistance. An extensive awareness program for farmers is crucial to reduce the unnecessary use of 

antibiotics in healthy chickens and cow. Intensive awareness training program for farmers, feed dealers and 

drug sellers may be helpful to raise awareness on good farm practices, standard biosecurity practices and 

their benefit, personal hygiene and the prudent use of antibiotics. Adequate laboratory diagnostic facilities 

need to be established at the central to the root level to help veterinarians and animal farmers for the prudent 

use of antibiotics. Finally, more research is required to generate more specific data on antibiotic usage in 

animal sectors and detect the emergence of antibiotic resistance in animals and humans. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 
 

References 
 

1. Elmonir, W.; Abd El-Aziz, N.K.; Tartor, Y.H.; Moustafa, S.M.; Abo Remela, E.M.; Eissa, R.; Saad, 

H.A.; Tawab, A.A. Emergence of Colistin and Carbapenem Resistance in Extended Spectrum β-

Lactamase Producing Klebsiella pneumoniae Isolated from Chickens and Humans in Egypt. Biology 

2021, 10, 373. Retrieved from https://doi.org/10.3390/biology10050373 

 

2. Rahman. M.A, 2, Rahman A. K. M. A., M. A. Islam. M. A., Alam. M.M, M. A. Islam 

ANTIMICROBIAL RESISTANCE OF ESCHERICHIA COLI ISOLATED FROM MILK, BEEF 

AND CHICKEN MEAT IN BANGLADESH. Bangl. J. Vet. Med. (2017). 15 (2): 141-146 

 

3. Chika E, Charles E, Ifeanyichukwu I, Thaddeus G, Malachy U, et al. Detection of Metallo-β-

lactamase (MBL) among Carbapenem-Resistant Gram-Negative Bacteria from Rectal Swabs of Cow 

and Cloacae Swabs of Poultry Birds. Ann Med Health Sci Res 2017; 7: 51-56 

 

4. Mandal, A. K., Talukder, S., Hasan, M.M, Tasmim, S. T., Parvin, M. S., Ali, M. Y, & Islam, M. T 

(2021). Epidemiology and antimicrobial resistance of Escherichia coli in broiler chickens, 

farmworkers, and farm sewage in Bangladesh. Veterinary Medicine and Science, 1–13.  

 

5. Sanjit Singh, A., Lekshmi, M., Prakasan, S., Nayak, B. B., & Kumar, S. (2017). Multiple Antibiotic-

Resistant, Extended Spectrum-β-Lactamase (ESBL)-Producing Enterobacteria in Fresh Seafood. 

Microorganisms, 5(3), 53. https://doi.org/10.3390/microorganisms5030053 

 

6. Rousham, E.K.; Asaduzzaman, M.; Mozmader, T.A.U.; Amin, M.B.; Rahman, M.; Hossain, M.I.; 

Islam, M.R.; Mahmud, Z.H.; Unicomb, L.; Islam, M.A. Human Colonization with Extended-

Spectrum Beta-Lactamase-Producing, E. coli in Relation to Animal and Environmental Exposures in 

Bangladesh: An Observational One Health Study. Environ. Health Perspect. 2021, 129, 037001. 

 

7. Rana, E. (2017) Antibiotic resistance, microbial and morphological changes of marketed bovine liver 

at different time interval from Chittagong, Bangladesh: A public health Concern. Res. Rev. J. Vet. 

Sci., 3(1): 16-23. 

 

8. Hossain. F.E, Chakraborty. S, Bhowmick., N.C, Rahman., Ahmed. F., Comparative Analysis of 

Antibiotic Resistance Pattern of Bacteria Isolated from Fish of Cultured and Natural Ponds: A Study 

based on Noakhali Region of Bangladesh. Bioresearch Communications-(BRC), 4(2), 586- 591. 

Retrieved from https://www.bioresearchcommunications.com/index.php/brc/article/view/12 

 

9. Solà-Ginés M, Cameron-Veas K, Badiola I, Dolz R, Majó N, et al. Diversity of multi-drug resistant 

Avian Pathogenic Escherichia coli (APEC) causing outbreaks of colibacillosis in broilers during 2012 

in Spain. PloS one 2015; 10(11): e0143191 

 



30 
 

10. Glover B, Wentzel J, Jenkins A and Van Vuuren M. The first report of Escherichia fergusonii isolated 

from non-human primates, in Africa. One Health. 2017; 3: 70-75. 

 

11. Eltai NO, Abdfarag EA, Al-Romaihi H, Wehedy E, Mahmoud MH, et al. Antibiotic Resistance 

Profile of Commensal Escherichia coli Isolated from Broiler Chickens in Qatar. J Food Protect 2017; 

81(2): 302-307 

 

12. Davis GS, Waits K, Nordstrom L, Grande H, Weaver B, et al. Antibiotic-resistant Escherichia coli 

from retail poultry meat with different antibiotic use claims. BMC Microbiology. 2018; 18(1): 174. 

 

13. Zarfel G, Galler H, Luxner J, Petternel C, Reinthaler FF, et al. Multiresistant bacteria isolated from 

chicken meat in Austria. Int J Environ Res Public Health. 2014; 11(12): 12582-12593. 

 

14. Sugawara, Y., Hagiya, H., Akeda, Y. et al. Dissemination of carbapenemase-producing 

Enterobacteriaceae harboring bla-NDM or bla-IMI in local market foods of Yangon, Myanmar. Sci 

Rep 9, 14455 (2019). Retrieved from: https://doi.org/10.1038/s41598-019-51002-5 

 

15. Marjan S., Das K. K., Munshi S. K., & Noor R. (2014, May).  Drug-resistant bacterial pathogens in 

milk and some milk products. ResearchGate.  44(3), 241-248. 10.1108/NFS-05-2013-0061 

 

16. Ballot D.E., Bandini R., Nana T., Bosman N., Thomas T., Davies V.A., Cooper P.A., Mer M., 

Lipman J. A review of -multidrug-resistant Enterobacteriaceae in a neonatal unit in Johannesburg, 

South Africa. BMC Pediatr. 2019; 19:320. doi: 10.1186/s12887-019-1709-y 

 

17. Perovic O., Germs-Sa F., Ismail H., Quan V., Bamford C., Nana T., Chibabhai V., Bhola P., 

Ramjathan P., Swe-Han K.S., et al. Carbapenem-resistant Enterobacteriaceae in patients with 

bacteraemia at tertiary hospitals in South Africa, 2015 to 2018. Eur. J. Clin. Microbiol. Infect. Dis. 

2020; 39:1287–1294. doi: 10.1007/s10096-020-03845-4 

 

18. Grundmann H., Glasner C., Albiger B., Aanensen D.M., Tomlinson C.T., Andrasević A.T., Cantón 

R., Carmeli Y., Friedrich A.W., Giske C.G., et al. Occurrence of carbapenemase-producing Klebsiella 

pneumoniae and Escherichia coli in the European survey of carbapenemase-producing 

Enterobacteriaceae (EuSCAPE): A prospective, multinational study. Lancet Infect. Dis. 2017; 

17:153–163. doi 10.1016/S1473-3099(16)30257-2) 

 

19. B.-T. Liu, F.-J. Song, M. Zou, Z.-H. Hao, H. Shan. Emergence of colistin resistance gene mcr-1 in 

Cronobacter sakazakii producing NDM-9 and in Escherichia coli from the same animal Antimicrob 

Agents Chemother, 61 (2017), 10.1128/AAC.01444–16 pii: e01444–16 

 

20. Catry, B.; Cavaleri, M.; Baptiste, K.; Grave, K.; Grein, K.; Holm, A.; Jukes, H.; Liebana, E.; Navas, 

A.L.; Mackay, D. Use of colistin-containing products within the European Union and European 

Economic Area (EU/EEA): Development of resistance in animals and possible impact on human and 

animal health. Int. J. Antimicrob. Agents 2015, 46, 297–306. 

 



31 
 

21. Islam, S.; Urmi, U.L.; Rana, M.; Sultana, F.; Jahan, N.; Hossain, B.; Iqbal, S.; Hossain, M.M.; 

Mosaddek, A.S.M.; Nahar, S. High abundance of the colistin resistance gene mcr-1 in chicken gut-

bacteria in Bangladesh. Sci. Rep. 2020, 10, 1–11 

 

22. Hashem, M.A.; Elahi,M.F.; Mannan, M.A.; Kabir, M.H.B.; Kashem, M.A.; Pallab, M.S. Isolation, 

Identification and Antibiogram of Escherichia coli from Broiler at Chittagong District in Bangladesh. 

Wayamba J. Anim. Sci.2012, 4, 312–316. 

 

23. Islam S, Urmi UL, Rana M, Sultana F, Jahan N, Hossain B, Iqbal S, Hossain MM, Mosaddek ASM, 

Nahar S. High abundance of the colistin resistance gene mcr-1 in chicken gut-bacteria in Bangladesh. 

Sci Rep. 2020 Oct 14;10(1):17292. doi: 10.1038/s41598-020-74402-4.  

 

24. Abdallah, H. M., Reuland, E. A., Wintermans, B. B., Al Naiemi, N., Koek, A., Abdelwahab, A. M., et 

al. (2015). Extended-spectrum beta-lactamases and/or carbapenemases-producing enterobacteriaceae 

isolated from retail chicken meat in zagazig, egypt. PLoS ONE 10: e0136052. doi: 

10.1371/journal.pone.0136052 

 

25. Hamza, E., Dorgham, S. M., and Hamza, D. A. (2016). Carbapenemase-producing Klebsiella 

pneumoniae in broiler poultry farming in Egypt. J. Glob. Antimicrob. Resist. 7, 8–10. doi: 

10.1016/j.jgar.2016.06.004 

 

26. Parvin, M.S.; Hasan, M.M.; Ali, M.Y.; Chowdhury, E.H.; Rahman, M.T.; Islam, M.T. Prevalence and 

Multidrug Resistance Pattern of Salmonella Carrying Extended-Spectrum β-Lactamase in Frozen 

Chicken Meat in Bangladesh. J. Food Prot. 2020, 83, 2107–2121 

 

27. Ghatak, S., A. Singha, A. Sen, C. Guha, A. Ahuja, U. Bhattacharjee, S. Das, N. R. Pradhan, K. Puro, 

C. Jana, T. K. Dey (2013): Detection of New Delhi metallo beta-lactamase and extended spectrum 

beta-lactamase genes in Escherichia coli isolated from mastitic milk samples. Transbound. Emerg. 

Dis. 60, 385-389 

 

28. Bradford, P.A. Extended-spectrum beta-lactamases in the 21st century: Characterization, 

epidemiology, and detection of this important resistance threat. Clin. Microbiol. Rev. 2001, 14, 933–

951. 

 

 

29. Poirel L, Lagrutta E, Taylor P, 2010. Emergence of metallo-β-lactamase NDM-1-producing 

multidrug-resistant Escherichia coli in Australia. Antimicrob Agents Chemother 54:4914-6. 

 

30. Habeeb MA, Sarwar Y, Ali A, et al., 2013. Rapid emergence of ESBL producers in E. coli causing 

urinary and wound infections in Pakistan. Pakistan J Med Scien 29:540. 

 

31. Zurfluh, K., Buess, S., Roger, S., and Nuesch-Inderbinen, M. (2016). Assessment of the occurrence of 

MCR producing Enterobacteriaceae in Swiss and imported poultry meat. SDRP J. Food Sci. Tech. 1, 

137–141. doi: 10.15436/JFST.1.4.5 

 



32 
 

32. Monte, D. F., Mem, A., Fernandez, M. R., Cerdeira, L., Esposito, F., Galvão, J. A., et al. (2017). 

Chicken meat as a reservoir of colistin-resistant Escherichia coli strains carrying mcr-1 genes in 

South America. Antimicrob. Agents Chemother. 61: e02718-16. doi: 10.1128/AAC.02718-16 

 

33. Hassan, M. M., Kalam, M., Alim, M., Shano, S., Nayem, M., Khan, R., Badsha, M., Al Mamun, M., 

Hoque, A., & Tanzin, A. Z. (2021). Knowledge, attitude, and practices on antimicrobial use and 

antimicrobial resistance among commercial poultry farmers in Bangladesh. Antibiotics, 10, 784 

 

34. Kalam, M., Alim, M., Shano, S., Nayem, M., Khan, R., Badsha, M., Mamun, M., Al, A., Hoque, A., 

& Tanzin, A. Z. (2021). Knowledge, attitude, and practices on antimicrobial use and antimicrobial 

resistance among poultry drug and feed sellers in Bangladesh. Veterinary Sciences, 8, 111. 

 

35. Kumar, S. G., Adithan, C., Harish, B., Sujatha, S., Roy, G., & Malini, A. (2013). Antimicrobial 

resistance in India: A review. Journal of Natural Science, Biology and Medicine, 4, 286– 291. 

 

36. Masud, A. A., Rousham, E. K., Islam, M. A., Alam, M. -U., Rahman, M., Mamun, A. A., Sarker, S., 

Asaduzzaman, M., & Unicomb, L. (2020). Drivers of antibiotic use in poultry production in 

Bangladesh: Dependencies and dynamics of a patron-client relationship. Frontiers in Veterinary 

Science, 7, 78. 

 

37. McEwen, S. A., & Collignon, P. J. (2018). Antimicrobial resistance: A one health perspective. 

Microbiology Spectrum, 6, 1– 26. 

 

38. Singer, R. S., Finch, R., Wegener, H. C., Bywater, R., Walters, J., & Lipsitch, M. (2003). Antibiotic 

resistance—The interplay between antibiotic use in animals and human beings. The Lancet Infectious 

Diseases, 3, 47– 51. 

 

39. Cabello F.C., Godfrey H.P., Tomova A., Ivanova L., Dolz H., Millanao A., Buschmann A.H. 

Antimicrobial use in aquaculture re-examined: Its relevance to antimicrobial resistance and to animal 

and human health. Environ. Microbiol. 2013; 15:1917–1942. doi: 10.1111/1462-2920.12134 

 

40. Amit R, Sahu NP, Subodh G, Md Aklakur. Prospects of medicated feed in aquaculture. Nutri Food 

Sci Int J. 3(4): 555617 

 

41. Nordmann P, Naas T and Poirel L, 2011. Global spread of carbapenemase-producing 

Enterobacteriaceae. Emerg Infect Dis 17:1791. 

 

42. Mohsin M, Raza S, Schaufler K, et al., 2017. High Prevalence of CTX-M15-Type ESBL-Producing 

E. coli from Migratory Avian Species in Pakistan. Front Microbiol 8. 

 

43. Khattak I, Mushtaq MH, Ayaz S, et al., 2018. Incidence and Drug Resistance of Zoonotic 

Mycobacterium bovis Infection in Peshawar, Pakistan. Adv Exp Med Biol 1057:111-26. 

 

44. Khan E, Schneiders T, Zafar A, et al., 2010. Emergence of CTX-M Group 1-ESBL producing 

Klebsiella pneumonia from a tertiary care centre in Karachi, Pakistan. J Infect Dev Countr 4:472-6 



33 
 

 

45. Meletis G, 2016. Carbapenem resistance: overview of the problem and future perspectives. Therap 

Adv Infec Dis 3:15-21. 

 

46. Mitema ES, 2010. The role of unregulated sale and dispensing of antimicrobial agents on the 

development of antimicrobial resistance in developing countries. In: Antimicrobial Resistance in 

Developing Countries: Springer 403-11. 

 

47. Rahman S, Ali T, Ali I, et al., 2018a. The Growing Genetic and Functional Diversity of Extended 

Spectrum Beta-Lactamases. BioMed Res Int 2018:14. 

 

48. Agyare, C., Boamah, V. E., Zumbi, C. N., & Osei, F. B. (2019). Antibiotic use in poultry production 

and its effects on bacterial resistance. In Y. Kumar (Ed.), Antimicrobial resistance—A global threat. 

(33– 51). IntechOpen 

 

49. Scott, T. M., Rose, J. B., Jenkins, T. M., Farrah, S. R., Lukasik, J. (2002). Microbial source tracking: 

Current methodology and future directions. Applied and Environmental Microbiology, 68, 5796– 

5803. 

 

50. Pesavento G, Ducci B, Comodo N and Nostro AL (2007). Antimicrobial resistance profile of 

Staphylococcus aureus isolated from raw meat:a research for methicillin resistant Staphylococcus 

aureus (MRSA). Food Control 18: 196-200. 

 

51. Johnson JR, Sannes MR, Croy C, Johnston B, Clabots C and Kuskowski MA (2007). Antimicrobial 

drug-resistant Escherichia coli from humans and poultry products, Minnesota and Wisconsin, 2002-

2004. Emerging Infectious Disease 13:838-846 

 

52. World Organization for Animal Health (OIE). OIE list of antimicrobial agents of veterinary medicine 

2015 Retrived from: 

http://www.oie.int/fileadmin/Home/eng/Our_scientific_expertise/docs/pdf/Eng_OIE_List_antimicrob

ials_May2015.pdf. 

 

 

53. Collignon P. C., Conly J. M., Andremont A., McEwen S. A., Aidara-Kane A., World Health 

Organization Advisory Group Bogota Meeting on Integrated Surveillance of Antimicrobial 

Resistance (WHO-AGISAR) et al. (2016). World health organization ranking of antimicrobials 

according to their importance in human medicine: A critical step for developing risk management 

strategies to control antimicrobial resistance from food animal production. Clin. Infect. Dis. 63, 

1087–1093. 10.1093/cid/ciw475 

 

54. CLSI (Clinical Laboratory Standard Institute) (2018). Performance standards for antimicrobial disk 

susceptibility tests: approved standard. 11th ed. Wayne: CLSI Publication M2-A11. 

 



34 
 

55. World Health Organization. (2017). Critically important antimicrobials for human medicine: Ranking 

of antimicrobial agents for risk management of antimicrobial resistance due to non-human use. 

Second WHO Expert Meeting. World Health Organization 

 

56. Patel, G.; Bonomo, R.A. “Stormy waters ahead”: Global emergence of carbapenemases. Front. 

Microbiol. 2013, 4, 48.  

 

57. Skov, R.L.; Monnet, D.L. Plasmid-mediated colistin resistance (mcr-1 gene): Three months later, the 

story unfolds. Eurosurveillance 2016, 21, 30155. 

 

58. Rubin J. E., Pitout J. D. (2014). Extended-spectrum beta-lactamase, carbapenemase and AmpC-

producing Enterobacteriaceae in companion animals. Vet. Microbiol. 170, 10–18. 

10.1016/j.vetmic.2014.01.017 

 

59. Vaishnavi C. (2013). Translocation of gut flora and its role in sepsis. Indian J. Med. Microbiol. 31, 

334–342. 10.4103/0255-0857.118870 

 

60. Bachiri T., Bakour S., Ladjouzi R., Thongpan L., Rolain J. M., Touati A. (2017). High rates of CTX-M-15-

producing Escherichia coli and Klebsiella pneumoniae in wild boars and barbary macaques in algeria. 

J. Glob. Antimicrob. Resist. 8, 35–40. 10.1016/j.jgar.2016.10.005 

 

61. Durante-Mangoni, E.; Andini, R.; Zampino, R. Management of carbapenem-resistant 

Enterobacteriaceae infections. Clin. Microbiol. Infect. 2019, 25, 943–950 

 

62. Baron S., Hadjadj L., Rolain J. M., Olaitan A. O. (2016). Molecular mechanisms of polymyxin 

resistance: knowns and unknowns. Int. J. Antimicrob. Agents 48, 583–591. 

10.1016/j.ijantimicag.2016.06.023 

 

63. Liu Y. Y., Wang Y., Walsh T. R., Yi L. X., Zhang R., Spencer J., et al. (2016). Emergence of plasmid-

mediated colistin resistance mechanism MCR-1 in animals and human beings in China: a 

microbiological and molecular biological study. Lancet Infect. Dis. 16, 161–168. 10.1016/S1473-

3099(15)00424-7 

 

64. Smolinski M., Hamburg M., Lederberg J. Emerging Microbial Threats to Health in the 21st Century. 

National Academy of Sciences; Washington DC, USA: 2003. 

 

65. Jansen WT, van der Bruggen JT, Verhoef J, Bacterial resistance: a sensitive issue complexity of the 

challenge and containment strategy in Europe.  Fluit AC Drug Resist Updat. 2006 Jun; 9(3):123-33. 

 

 

66. Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, Teillant A, Laxminarayan R. 

66. Global trends in antimicrobial use in food animals Proc Natl Acad Sci U S A. 2015 May 5; 

112(18):5649-54. 

 



35 
 

67. OIE OIE Standards, Guidelines and Resolutionon Antimicrobial Resistanceand the Use of 

Antimicrobial Agents. World Organisation for Animal Health. [(accessed on 30 June 2021)].  

 

68. Belton B., Azad A. The characteristics and status of pond aquaculture in Bangladesh. Aquaculture. 

2012; 358:196–204. doi: 10.1016/j.aquaculture.2012.07.002. 

 

 

69. slam K.S., Shiraj-Um-Mahmuda S., Hazzaz-Bin-Kabir M. Antibiotic usage patterns in selected broiler 

farms of Bangladesh and their public health implications. J. Public Health Dev. Ctries. 2016; 2:276–

284 

 

70. Ali H., Rico A., Murshed-e-Jahan K., Belton B. An assessment of chemical and biological product use 

in aquaculture in Bangladesh. Aquaculture. 2016; 454:199–209. 

 

71. Masud AA, Rousham EK, Islam MA, Alam MU, Rahman M, Mamun AA, Sarker S, Asaduzzaman M, 

Drivers of Antibiotic Use in Poultry Production in Bangladesh: Dependencies and Dynamics of a 

Patron-Client Relationship. Unicomb L Front Vet Sci. 2020; 7():78. 

 

72. Al Amin M, Hoque MN, Siddiki AZ, Saha S, Kamal MM. Antimicrobial resistance situation in animal 

health of Bangladesh. Vet World. 2020 Dec; 13(12):2713-2727. 

 

73. Ahmed S., Das T., Islam M.Z., Herrero-Fresno A., Biswas P.K., Olsen J.E. High prevalence of mcr-1-

encoded colistin resistance in commensal Escherichia coli from broiler chicken in Bangladesh. Sci. 

Rep. 2020; 10:1–13. doi: 10.1038/s41598-020-75608-2. 

 

74. Uddin S.A., Kader M.A. The use of antibiotics in shrimp hatcheries in Bangladesh. J. Fish. Aquat. Sci. 

2006; 1:64–67. 

 

75. Kawsar M.A., Alam M.T., Ahamed S., Mou M.H. Aqua drugs and antibiotics used in freshwater 

aquaculture of North Chittagong, Bangladesh. Int. J. Fish. Aquat. Stud. 2019; 7:28–34. 

 

76. Pondit A, Haque ZF, Sabuj AAM, Khan MSR, Saha S, J Adv. Characterization of <i>Staphylococcus 

aureus</i> isolated from chicken and quail eggshell.  Vet Anim Res. 2018 Dec; 5(4):466-471. 

 
 

77. Prevalence and Multidrug Resistance Pattern of Methicillin Resistant <i>S. aureus</i> Isolated from 

Frozen Chicken Meat in Bangladesh. Parvin MS, Ali MY, Talukder S, Nahar A, Chowdhury EH, Rahman 

MT, Islam MT. Microorganisms. 2021 Mar 18; 9(3). 

78. Parvin M., Talukder S., Ali M., Chowdhury E.H., Rahman M., Islam M. Antimicrobial resistance 

pattern of Escherichia coli isolated from frozen chicken meat in Bangladesh. Pathogens. 2020; 9:420. 

doi: 10.3390/pathogens9060420 

 

79. Hossen MS, Hoque Z, Nahar BS. Assessment of poultry waste management in Trishal upazila, 

Mymensingh. Research in Agriculture Livestock and Fisheries. 2015;2(2):293–300. 



36 
 

 

80. Hossain MM, Barman AA, Rahim MM, Hassan MT, Begum M, Bhattacharjee D. Oxytetracycline 

residues in Thai pangas Pangasianodon hypophthalmus sampled from Sylhet sadar upazila, 

Bangladesh. Bangladesh Journal of Zoology. 2018 Jul 26;46(1):81–90. 

 

81. Tanzin T, Nazir KN, Zahan MN, Parvej MS, Zesmin K, Rahman MT. Antibiotic resistance profile of 

bacteria isolated from raw milk samples of cattle and buffaloes. J Adv Vet Anim Res. 2016;3(1):62–7. 

 

82. Chowdhury S, Hassan MM, Alam M, Sattar S, Bari MS, Saifuddin AKM, Hoque MA. Antibiotic residues 

in milk and eggs of commercial and local farms at Chittagong, Bangladesh. Vet World. 

2015;8(4):467–71 

 

83. Sattar S, Hassan MM, Islam SKMA, Alam M, Faruk MSA, Chowdhury S, Saifuddin AKM. Antibiotic 

residues in broiler and layer meat in Chittagong district of Bangladesh. Vet World. 2014;7(9):738–43 

 

 

 

 

 

 

 

 

 

 

 


