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ARTICLE INFO ABSTRACT
Received The emergence of plasmid-mediated mobile colistin resistance (mar) in bacteria under
18 May, 2024 Enterobacteriaceae, and aeromonads isolated from foods has been reported in many parts of
the world. So far, we know there is no report of mcr carrying Aeromonas spp. Isolated from
Revised retail foods in Bangladesh. Therefore, this study was carried out to determine the prevalence of
26 May, 2024 mcr carrying Aeromonas spp. isolated from retail foods (meat, milk, and fish) in Mymensingh

district and their characterization for antimicrobial resistance patterns. The prevalence of mcr-1
gene carrying Aeromonas spp. was 30 % (15/50) in chickens, 23 % (8/35) in fish, and 10 %
(2/20) in milk. No other tested mcr gene variants (mcr-2 to 4) were detected. The minimum
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Online inhibitory concentration (MIC) for colistin was determined to be 80% (12/15) and 75% (6/8) of
September, 2024 the mcr-1 gene carrying Aeromonas spp. isolated from chicken and fish, respectively, had an
MIC of 8-16 pg/ml whereas 100% (2/2) of the isolate from milk showed a MIC of 4-8 pg/ml.

Key words: Most of the mcr-1 gene-carrying isolates from chicken meats, fish, and milk were resistant to

oxytetracycline, and ampicillin (80%-100%). Apart from multidrug resistant (MDR), extensive
MDR was detected in mcr-1 gene carrying Aeromonas spp., irrespective of the sample’s origin.
Overall, these data suggested that the mcr-1 gene carrying Aeromonas spp. in retail foods
could be a potential reservoir for antimicrobial resistance determinants. To the best of our

Antimicrobial
resistance pattern
Chicken meat

PCR knowledge, this is the first report of the mcr gene carrying Aeromonas spp. isolated from retail
Prevalence foods such as chicken meat, fish, and milk in Bangladesh.
mcr gene
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INTRODUCTION

Colistin (CST; Polymixin E), is the drug of last resort to treat infections caused by multidrug-resistant (MDR)
pathogens like carbapenem-resistant Enterobacteriaceae. CST has been widely used for the prevention and
treatment of bacterial infections in animals, birds, and in some critical cases in humans. Moreover, it has been
widely used as a growth promoter in the animal and poultry industry (Catry et al., 2015). However, recent studies
have revealed that the MDR bacteria can also develop resistance to CST (Rossolini, 2015). Conventionally, CST
resistance is conferred by chromosomally encoded enzymes, with minimum possibility of horizontal transfer.
However, CST resistance mediated by a plasmid-harboring gene called mcr (mobile CST resistance), coding for
phosphoethanolamine (PEtN) transferases has been recently reported from China (Liu et al., 2016). Soon after
publishing this report, the prevalence of mcr-mediated CST resistance was reported in various bacteria
including Escherichia coli, Klebsiella pneumoniae (Zhang et al., 2019), Salmonella enterica, Raoultella sp and
Aeromonas spp. from animals, food products, human and the environment. Over time, several variants from mcr-
1 to -9 have been reported in various species of Enterobacteriaceae (Zajac et al., 2019).

Aeromonads are ubiquitous organisms found in aquatic environments; food items, including meat, milk, fish,
and vegetables; and the intestines of apparently healthy humans and humans with diarrhea (Albert et al., 2000).
Aeromonads can infect humans via the consumption of contaminated food or water. The bacteria are associated
with several infections, including bacteremia, meningitis, wound infections, and lung infections in humans (Albert
et al., 2000). Particularly, Aeromonas induced gastroenteritis is more prevalent in Asian countries like India,
Bangladesh, Thailand, and Japan where motile aeromonads have been isolated from about 7-11% of child
diarrhea and 31% of traveler’s diarrhea cases (Nishikawa and Kishi 1988; Albert et al., 2000). Gastroenteritis is
characterized by acute profuse watery diarrhea in all age groups, but more frequently in young children (Albert et
al. 2000). This pathogen carries several virulence factors like phospholipases, proteases, hemolysins,
enterotoxins, adherence and invasion to host cells, cytotoxicity, enolase, quorum-sensing molecules, DNA
adenine methyltransferase, etc., have been described (Manna et al., 2013). Besides, multidrug resistance in
Aeromonas spp. has also been reported in many countries including Bangladesh. In Bangladesh, MDR has been
observed in Aeromonas spp. isolated from freshwater prawns in Bangladesh (Lijon et al., 2015) and in A.
hydrophila from broiler chicken (Sarker et al. 2020). Thus, the prevalence of MDR pathogens like Aeromonas
spp. in the food chain should be considered a serious threat to public health.

In Bangladesh, broiler meat is an important and low-cost source of animal protein that encourages the
consumption of broiler meat by a large number of consumers. Besides, milk and fish are also important sources
of protein for all levels of people including children. Thus, chicken meat, milk and fish contaminated with MDR,
especially mcr carrying Aeromonas spp. should be considered a serious threat to public health. Until now, most
investigations on antimicrobial resistance (AMR) of bacteria focused on mainly on E. coli, Salmonella spp.,
Klebsiella spp., and Campylobacter spp. in Bangladesh. In contrast, little information was obtained on the AMR of
Aeromonas spp. isolated only from pawn and broiler chicken but no information about the contamination of retail
milk and fish with this pathogen. Most importantly, there is no information on the prevalence of mcr gene carrying
Aeromonas spp. isolated from food samples and their AMR profiles in Bangladesh. Thus, the present study was
designed to determine the prevalence of mcr carrying Aeromonas spp. isolated from retail foods (meat, milk, and
fish) and characterize mcr carrying Aeromonas spp. for their antimicrobial resistance pattern.
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MATERIALS AND METHODS

Sample collection

Samples including 100 chicken meats, 100 milk, and 50 fish samples were purchased from supermarkets and
local markets of randomly selected 4 upazillas (Mymensingh Sadar, Muktagaccha, Tarakanda and Fulpur) of the
Mymensingh district. All the samples (40ml/gm of each sample) were collected in sterilized 50 ml falcon tube and
transported to the laboratory with necessary precautions.

Bacterial Isolation and identification

Bacterial isolation was done according to the method (Shen et al., 2018). About 25 g of each food sample
was enriched in 225 ml 1% alkaline peptone water (Himedia, India) for 24 h at 37 °C without shaking. Thereafter,
the enrichment was streaked onto Salmonella-Shigella agar (Himedia, India), followed by incubation at 30°C for
18 h. The resulting colonies will be picked up and subcultured onto nutrient agar at 37 °C for 24 h. Gram’s staining
method, motility test, sugar fermentation, and biochemical tests (oxidase test, catalase test, citrate test, indole
test, and methyl red-Voges—Proskauer test) was performed to identify bacteria as Aeromonas spp.

PCR confirmation of Aeromonas spp.

A genus-specific PCR assay was performed to identify Aeromonas spp. by amplifying a 461-bp fragment of
the 16S rRNA gene (Persson et al., 2015). Briefly, DNA templates were obtained from overnight agar cultures by
thermal cell lysis. Each PCR reaction consisted of 12.5 uL One Taq PCR Master Mix (TaKaRa, Japan), 5.5 pL of
nuclease-free water, 0.5 UL of each of the 10 primers solutions (10 uM), and 2 pL DNA lysate. The thermocycler
conditions were as follows: 2-min hot start at 95°C, 30 cycles of denaturation at 94°C for 40 s, annealing at 65°C
for 50 s, and elongation at 72°C for 40 s , and a final cycle of elongation at 72 °C for 5 min. The amplification was
visualized by electrophoresis using 1.5% agarose gel at 130V followed by staining in ethidium-bromide. The DNA
bands were photographed using a UV transilluminator (Cell biosciences, Australia)

Detection of mcr gene in Aeromonas spp. by PCR

Isolates were screened for mcr-1 to mcr-5 gene by PCR with the primers and conditions as described by
Rebelo et al., 2017. Briefly, DNA templates were obtained from overnight agar cultures by thermal cell lysis. Each
PCR reaction consisted of 12.5 uL One Tagq PCR Master Mix (TaKaRa, Japan), 5.5 uL of nuclease-free water,
0.5 pL of each of the 10 primers solutions (10 uM), and 2 pL DNA lysate. Running conditions were: 1 cycle of
denaturation at 94 °C for 15 min, followed by 25 cycles of denaturation at 94 °C for 30 s, annealing at 58 °C for 90
s and elongation at 72 °C for 60 s, and a final cycle of elongation at 72°C for 10 min. The amplification was
visualised by electrophoresis using 1.5% agarose gel at 130V followed by staining in ethidium-bromide.

Determination of minimum inhibitory concentration (MIC) for colistin of mcr gene carrying Aeromonas
spp.

The mcr gene carrying Aeromonas spp. isolates were subjected to determination of MIC for colistin (CST) by
broth microdilution method according to CLSI guidelines (CLSI, 2018) and results were interpreted following
recommendations published by the European Committee on Antimicrobial Susceptibility Testing (EUCAST,
2016). Briefly, the mcr gene carrying Aeromonas spp. isolates kept as glycerol stock at 80°C were sub-cultured
on Luria-Bertani (LB) agar (Becton, Dickinson and Company, USA) at 37°C for 18 hours, and 5 to 6 colonies
were collected and suspended in 1 ml of sterilized saline. After adjustment of ODeoo = 0.3, 100 pl of suspension
was added to 900 pl of sterilized saline to adjust a bacterial suspension to approx. 107 CFU/ml. Then 5 pl of the
suspension was inoculated in 100 pl of cation-adjusted Mueller-Hinton (MH) broth (Becton Dickinson and
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Company) supplemented with CST at different concentrations ranging from 0 to 32 pug/ml. After 14-18 hours of
incubation at 37°C, the MIC was determined at the lowest concentration of CST that completely inhibited the
growth of mcr gene carrying Aeromonas spp. in microdilution well as detected by unaided eye as well as
microplate photometer (Thermo Scientific, Singapore). E. coli ATCC 25922 was used as a control strain in the
susceptibility test.

Determination of antimicrobial susceptibility

Antimicrobial susceptibility for antibiotics (commonly used for treatment and as growth promoters in livestock
and agricultural production in Bangladesh) of mcr gene-positive Aeromonas spp. isolated from retail foods were
analyzed by the double disk diffusion method (CLSI, 2018). Antimicrobial susceptibility of mcr gene-positive E.
coli were tested by double disk diffusion method (CLSI 2018) against 14 antimicrobial agents using commercially
available discs (Nihon Becton Dickinson, Japan) such as ampicillin (AMP, 10 pg), cefoxitin (FOX, 30 ug ),
cefotaxime (CTX, 30 pg,), ceftazidime (CAZ 30 pug,), imipenem (IPM, 10 ug), gentamicin (GEN, 10 pg),
kanamycin (KAN, 30 ug,), streptomycin (STR, 300 ug,), ciprofloxacin (CIP, 30 ug), nalidixic acid (NAL 30 ug, ),
tetracycline (TET, 30 pg ), chloramphenicol (CHL, 30 ug ), fosfomycin (FOS, 30 pg ) and sulfamethoxazole-
trimethoprim (SXT/ TMP, 25 pg ). In brief, mcr-1 gene carrying Aeromonas spp. kept as glycerol stock at -80°C
were sub-cultured on LB agar at 37°C for 18 hr and 3 to 5 mcr-1 gene carrying Aeromonas spp. Colonies were
collected and suspended in 5 ml of sterilized saline. After adjustment of the optical density at 600 nm (ODeoo)
=0.3, an evenly distributed bacterial lawn was prepared on MH agar plates. Antimicrobial discs were placed on
each bacterial lawn. The inhibition zone of each antimicrobial agent was analyzed after 16-18 hr of incubation at
37°C. Results were interpreted according to the CLSI guidelines (CLSI, 2021). E. coli ATCC 25922 was used as
a control strain in the susceptibility test. MDR was defined as resistance to at least one antimicrobial agent in
three or more classes of antimicrobial agents (Cantén et al., 2011).

RESULTS

Isolation and identification of Aeromonas spp.

Aeromonas spp. was isolated from 50 out of 100 chicken meats, 35 out of 50 fish, and 20 out of 100 milk
samples as shown in Table 1. Figure 1 showed the representative PCR results of identification Aeromonas spp.
isolated from retail foods (chicken meats, fish, and milk) by PCR.

Table 1. Isolation of Aeromonas spp. from retail foods

Sample type Number of samples Number of Aeromonas spp. isolated (%)
Chicken meat 100 50 (50)
Fish 50 35 (70)
Milk 100 20 (20)
Total 250 105 (42)
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500 b
P 461 bp

Figure 1. Molecular identification of Aeromonas spp. by PCR. M: 100 bp ladder, N1: Negative control (Dw), N2: E. coli (Cl-
32-1, Laboratory strain), P: Positve control (Aeromonas spp. (Laboratory strain); Lane 1 to 2: isolates from samples, Specific
for Aeromonas spp. (Size-461 bp)

Detection of mcr gene in Aeromonas spp.

Prevalence of mcr-1 gene carrying Aeromonas spp. was 30 % (15/50) in chicken, 23 % (8/35) in fish, and 10
% (2/20) in milk. However, mcr-2, -3, -4 were not detected in either of the samples as shown in Table 2. Figure 2
showed representative PCR results of mcr-1 gene detection in Aeromonas spp. isolated from retail foods
(chicken meats, fish, and milk).

Table 2. Prevalence of mcr-1 carrying Aeromonas spp. from retail foods

Samble tvpe Number of Aeromonas spp. Prevalence of mcr-1 carrying
pietyp isolated samples Aeromonas spp. isolated (%)

Chicken meat 50 15 (30)

Fish 35 08 (23)

Milk 20 02 (10)

Total 105 24 (23)

500 bp 320 bp

Figure 2. Representative PCR result showing mcr-1 gene detection in Aeromonas spp. isolated from retail foods (chicken
meats, fish, and milk). M: 100 bp ladder (100 ng/lane, Takara Bio. Inc.) P: positive control (Laboratory strains: E. coli strain Cl-
32-1, mcr-1 gene-positive, N: negative control (E. coli strain C600). Lanes: 1, Ae-Cm1-1 (mcr-1 gene-positive); 2, Ae-Cm5-1
(mcr-1 gene-positive); 3, Ae-Cm12-1 (mcr-1 gene-positive); 4, Ae-Cm30-1 (mcr-1 gene-positive); 5, Ae-Cm55-1 (mcr-1 gene-
positive); 6, Ae-F4-1 (mcr-1 gene-positive); 7, Ae-M12-1 (mcr-1 gene-positive)
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Colistin resistance pattern of mcr-1 gene carrying Aeromonas spp.

The minimum inhibitory concentration of CST for mcr-1 gene-carrying Aeromonas spp. was determined. The
results showed that 80% (12/15) and 75% (6/8) of the mcr-1 gene carrying Aeromonas spp. isolated from chicken
and fish, respectively had a MIC of 8-16 pug/ml whereas 100% (2/2) of the isolate from milk showed a MIC of 4-8
pg/ml as shown in Figure 3.

m Chicken meat

8-16 pg/ml m Fish

Milk

Figure 3. MIC of CST for mcr-1 gene carrying Aeromonas spp. isolated from retail foods

Antimicrobial resistance pattern of mcr carrying Aeromonas spp.

Antimicrobial susceptibility test for the representative isolates with other antimicrobials showed that most of
the mcr-1 gene-carrying isolates from chicken meats were resistant to TET, AMP (12/15; 80%) followed by, KAN,
STR (10/15; 67%), SXT/TMP (8/15; 54%), NAL (7/15; 47%) and CHL (2/15; 14%). Similarly, most of mcr-1
carrying isolates from fish were resistant to TET, AMP (6/8; 75%) followed by KAN, STR, CHL (5/8; 63%), and
NAL, SXT/TMP (4/8; 50%). Interestingly, 100 % of mcr-1 gene-carrying isolates from milk were resistant to AMP
(6/8; 75%) followed by CTX, CAZ, KAN, STR, NAL, CIP, SXT/TMP (1/2; 50%) as shown in Table 3. All the mcr
carrying Aeromonas spp. isolated from retail foods showed MDR including 52% of the isolates were extensive
MDR (XDR) as shown in Table 4.
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Table 3. Antimicrobial resistance of colistin-resistant mcr-1gene carrying Aeromonas spp. isolated from retail
foods

No. of resistant isolates (%)
Antimicrobial agents Chicken (n=15) Fish (n=8) Milk (n=2)
AMP 12 (80) 6 (75) 2 (100)
FOX 0(0) 0(0) 0(0)
CTX 0(0) 0(0) 1(50)
CAZ 0(0) 0(0) 1 (50)
IPM 0(0) 0(0) 0(0)
STR 10 (67) 5 (63) 1 (50)
KAN 10 (67) 5 (63) 1 (50)
GEN 0(0) 0(0) 0(0)
cip 0(0) 3(38) 1 (50)
NAL 7 (47) 4 (50) 1 (50)
TET 12 (80) 6 (75) 1 (50)
CHL 2 (14) 5 (63) 1 (50)
FOS 0(0) 0(0) 0(0)
SXT/TMP 8 (54) 4 (50) 0(0)

Table 4. Multidrug resistance (MDR) pattern in mcr-1gene carrying Aeromonas spp. isolated from retail foods

Isolate (%) (n=25) AMDR pattern PINARC
5 (20) AMP, CIP, STR, TET, CHL, NAL,TET, SXT/TMP 8 (XDR)
8 (32) AMP, KAN,TET, CHL, NAL, IPM, SXT/TMP 7 (XDR)
12 (48) AMP, STR, TET, CHL, IPM 5 (MDR)

a) AMP: Ampicillin, STR: streptomycine, CIP: ciprofloxacin, CHL: chloramphenicol, IPM: imipenem, NAL: nalidixic acid,
SXT/TMP: sulfamethoxazole-trimethoprim, KAN: kanamycin, TET: oxytetracycline,
b) b) No. of antimicrobial resistance classes according to CLSI (CLSI, 2018).
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DISCUSSION

This study showed that the prevalence of Aeromonas spp. was 50 % (50/100) in chicken, 70 % (35/50) in
fish, and 20 % (20/100) in milk collected from retail supermarkets in Mymensingh district. The prevalence of
Aeromonas spp. in chicken meat was correlated with the findings of Sarker et al., 2020 who reported 45%
Aeromonas spp. in chicken meats in Mymensingh Sadar, Bangladesh. On the other hand, Lijon et al. (2015)
reported 17 % Aeromonas spp. in freshwater prawns in Khulnha, Bangladesh, which is lower than the prevalence
in fish in the present study. In this study, the isolation media was supplemented with CST to specifically target
CST-resistant Aeromonas spp. Another possibility for this finding might be prevalence of Aeromonas spp. in retail
foods, especially in fish in Bangladesh is emerging. This study showed that the prevalence of the mcr-1 gene
carrying Aeromonas spp. was 30 % (15/50) in chicken, 23 % (8/35) in fish, and 10 % (2/20) in milk collected from
retail supermarkets in, the Mymensingh district. Nagar et al. (2011) showed highest percentages of Aeromonas
spp. were from chicken (28.6%) followed by fish (20%) and sprout (2.5%) samples in India. Ling et al. (2017)
reported 17 % mcr-3 carrying Aeromonas spp. in chicken meats in China, which is lower than the prevalence of
mcr-1 gene-carrying Aeromonas spp. in chicken in the present study. Monte et al. (2017) conducted a study on
poultry meat between August-October 2016 in Brazil and reported that the prevalence of mcr-1 gene-positive E.
coli in poultry meat was 19.5% (8/41 samples). This is probably the first report of the prevalence of mcr-1 gene-
carrying Aeromonas spp. in retail chicken meats, fish, and milk in Bangladesh. In this study, we could obtain only
a limited number of fish samples. To know the true prevalence of mcr-1 gene carrying Aeromonas spp. in retail
fish, it is necessary to investigate more samples. However, we could not detect mcr-2 to mcr-5 in any of the
samples.

Furthermore, MIC of CST for mcr-1 gene carrying Aeromonas spp. in this study was determined to be 4-16
png/ml indicating that all isolates were phenotypically colistin-resistant. In this study, the mcr-1 gene-carrying
isolates from chicken meats were highly resistant to TET and AMP (12/15; 80%). In a previous study from
Bangladesh, Lijon et al. (2015) also showed that Aeromonas hydrophila isolated from freshwater prawns was the
highest resistant to AMP. Besides, Sarker et al. (2020) reported Aeromonas hydrophila isolated from chicken
meats in Bangladesh was the highest resistant to TET. In a previous study from Japan, Tada et al. (2017)
reported that mcr-1 gene-positive E. coli isolated from patients showed resistance to CHL, CST, penicillins, and
TET. These findings indicated that may be not only TET but also AMP might be widely used to optimize poultry,
fish, and dairy animal production and thus result in resistance development against these antibiotics. Among mcr-
1 carrying Aeromonas spp., the majority of the isolates were MDR and some isolates showed extensive MDR
phenotype (Table 4).These findings highlights the potential for these bacteria to serve as a reservoir of resistance
genes and pose a threat to public health.

CONCLUSION

Retail foods (chicken meat, fish, and milk) in Mymensingh are the potential reservoir of mcr-1 gene carrying
Aeromonas spp. which is potentially MDR. Therefore, retail foods (chicken meat, fish, and milk) in Mymensingh
district in terms of contamination with mcr-1 gene carrying Aeromonas spp. might be harmful to public health.
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