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Abstract 

 

The rapid and wide scale environmental spread of multi-drug resistant bacteria is a serious 

issue in recent years. Drug resistant bacteria have already occupied different ecological 

niches in many places, from wilderness to densely populated urban areas. To investigate the 

ecological niches in Bangladesh samples were collected from wild migratory bird species 

Open Bill Stork (Anastomus oscitans) and from the nearby water sources where these birds 

visited. A total of 76 E. coli isolates from the 170 OBS (Open Bill Stork) fecal samples and 

8 E. coli isolates from 3 river sources were isolated. Disk diffusion was used for checking the 

susceptibility of the isolates against antibiotics that are common in human and veterinary 

medicine in Bangladesh. It was found that 28.95%OBS and all water E. coli isolates were 

resistant to at least one of the tested antibiotics. Common resistant phenotypes were 

Ampicillin, Tetracycline, Aztreonam, Nalidixic Acid and Ciprofloxacin. Multi-drug 

resistance identified from 2.63%OBS and most of the water isolates. Very few 

ESBL(Extended Spectrum Beta-Lactamase) producing E. coli were found from OBS, 

whereas 50% of E. coli water isolates were ESBL producer, with all the ESBL producers 

possessing the CTX-M-15 gene. The most concerning aspect of our findings was the presence 

of human associated E. coli sequence types in water samples, for example ST156-

complex156, ST10-complex10 and ST46. This study concludes the contamination 

of environmental niches in Bangladesh by resistant bacteria. 

 

 

 

 

 

 

 

 

 



3 
 

 

Contents 

 

 Abstract...........................................................................................................................2 

 Abbreviations..................................................................................................................4 

 Introduction.................................................................................................................5-8 

Antibiotics and Antibiotic resistance: Origin, Ecology and Epidemiology...............5 

Antibiotic resistance mechanism...................................................................................7 

ESBL mechanism, origin and epidemiology.................................................................7 

Current situation in Bangladesh and aims...................................................................8 

 

 Materials and Methods.............................................................................................8-13 

Sample collection............................................................................................................8 

Bacterial isolation and identification............................................................................9 

Isolation and identification of ESBL producers.........................................................10 

Antibiotic susceptibility test.........................................................................................10 

DNA extraction..............................................................................................................11 

Detection and genetic characterizations of ESBL-producing bacteria....................11 

Epidemiological Typing of ESBL...............................................................................12 

NDM-1 gene detection..................................................................................................12 

MLST: Multilocus sequence typing (MLST).............................................................12 

 Result........................................................................................................................13-15 

 Discussion.................................................................................................................16-18 

 Conclusion.....................................................................................................................19 

 References................................................................................................................20-24 

 Acknowledgement........................................................................................................25 

 

 



4 
 

Abbreviations 

 

ATCC  - American Type Culture Collection 

bp  - Base pairs 

CLED  - Cysteine Lactose Electrolyte Deficient agar 

CTX-M - Cefotaximase 

DNA  - Deoxyribonucleic acid 

EDTA  - Ethylenediaminetetraacetic acid 

ESBL  - Extended spectrum beta-Lactamases 

EUCAST - European Committee on Antimicrobial Susceptibility Testing 

HGT  - Horizontal gene transfer 

MDR  - Multidrug Resistant 

MH  - Mueller Hinton agar 

MLST  - Multilocus Sequence Type 

NDM  - New Delhi metallo-beta-lactamases 

OBS  - Open Bill Strock 

PCR  - Polymerase chain reaction 

rep-PCR - Repetitive element PCR 

ST  - Sequence type 
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INTRODUCTION: 

 

Antibiotics and Antibiotic resistance: Origin, Ecology and Epidemiology 

Antibiotics are one of the most successful stories in the history of medical science that 

continue to save lives and combat infections. Scottish Scientist Alexander Fleming 

discovered antibiotic from the fungal species Penicillium in 1928. The introduction of 

antibiotics in clinical practice  during the 1940´s created a revolution in the treatment of 

infectious diseases (Cohen 2000). On the other hand, as a consequence of the use and misuse 

of antibiotics, bacteria started to evolve resistance to different classes of antibiotics through 

different mechanisms, which threaten the human and animal health globally.   

With the rapidly growing human population, the production of livestock, and aquaculture is 

increasing day by day, which influences the use and misuse of antibiotics (Mellon M 2001) . 

In human medicine, antibiotics are used for therapeutic purposes on an individual basis. On 

the other hand in veterinary medicine, antibiotics are used not only for therapeutic purposes 

but also as a growth promoter. In 2006, 155tons of antibiotics in Portugal  (INFARMED 

2006) and between 2006 and 2007, 115-121 tons of antibiotics in Denmark were used for pets 

and animal production (DANMAP 2007).  More specifically, non-prescription based 

antibiotic usage is increasing in developing countries where the majority of the world’s 

population live (Byarugaba 2004). Excess use of antibiotics may influence the release of 

antibiotics into the environment (Joakim Larsson and Fick 2009). Antimicrobial compounds 

released into the environment not only by animal and human use, but also through 

pharmaceutical industry, aquacultures, and hospitals(Maria et al. 2009). There were 35 and 

17 different antibiotic compounds found in American and French urban sewage systems 

respectively; indicating a wide scale presence of antibiotic molecules. Increased antibiotic 

selective pressure may influence bacteria to exert various resistance mechanisms due to 

different antibiotics and these mechanisms are medicated by different antibiotic resistant 

genes, which can be found in reservoirs of ecological niches(Chee-Sanford et al. 2001, Koike 

et al. 2007, Baquero et al. 2008, Chee-Sanford et al. 2009). 

 

Rapid emergence and dissemination of antibiotic resistance is now a global concern. 

Antibiotic-resistant organisms from humans and animals are released into aquatic 
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environments by sewage linkage, feces, and manure. In particular, wastewater from hospitals 

and intensive farming facilities are probably a major source of antibiotic-resistant organisms.  

The antibiotic resistance acquired by organisms in one ecosystem can easily be transferred 

among organisms in other different ecosystems. In addition, there is a greater global motility 

of living organisms facilitating the spread of bacteria and their genes around the world 

(Nwosu 2001). This, in turn, is responsible for epidemic and endemic spread of multi-drug 

resistance. Now, it is evident that resistant microbes are found in the different environmental 

compartments due to misuse of antibiotics and poor health-care infrastructure (Martinez 

2008, Hernandez et al. 2010, Hasan et al. 2011, Hasan et al. 2012b, Hernandez et al. 2012). 

Surprisingly, antibiotic resistant bacteria were found in the deep ocean and even in extreme 

natural habitats where there is no human influence (Sjolund et al. 2008, Hernandez et al. 

2012).  

 

The rapid spreading of antibiotic resistant bacteria by avian species has come to the frontline 

because of recent findings about the presence of higher prevalence of multi-drug resistant 

bacteria in birds’ normal flora. Free-living water birds can act as reservoirs and vectors for 

antibiotic resistant bacteria belonging to several species that have veterinary and medical 

importance such as Salmonella, Campylobacter sp., Enterococcci sp. and E. coli (Bonnet 

2004, Hubalek 2004, Cole et al. 2005, Silva et al. 2009, Bonnedahl et al. 2010, Radhouani et 

al. 2012).  Due to their migratory behaviour and aquatic life style, they can induce fecal 

contaminate in natural water reservoirs such as hoar, lakes, and rivers (Reed et al. 2003, 

Hubalek 2004). The presence of multi-drug resistant bacteria in avian species with higher 

prevalence is now the present concern which may spread during breeding or wintering from 

their close contact (Hasan et al. 2012b). Avian species can be an important environmental 

bio-indicator and vector of antibiotic resistance (Dolejska et al. 2007, Bonnedahl et al. 2009, 

Bonnedahl et al. 2010, Hernandez et al. 2010, Hasan et al. 2012b). 

 

Antibiotic compounds from households are a major cause of treated and untreated wastewater 

contamination in many countries (Kim and Aga 2007). Antibiotic resistant bacteria were 

found in wastewater of different cities, livestock production farms, sewage, and hospital 

drains (Guardabassi et al. 1998, Iversen et al. 2002, Bolaji 2011, Bolaji et al. 2011, Colomer-

Lluch et al. 2011, Dolejska et al. 2011, Shah et al. 2012, Colomer-Lluch et al. 2013). 

Antibiotic resistant bacteria were found in soil when cow dung and manure were used 



7 
 

extensively for fertilization (Sahoo et al. 2012) and then spread into natural and drinking 

water (da Costa et al. 2013).  

 

Antibiotic resistance mechanisms  

Bacteria can develop resistance mechanisms through natural mutation or by acquiring genes 

from other bacteria. There are several mechanisms how bacteria work against antibiotics, for 

example, bacteria can produce enzymes that destroy the antibacterial drug, efflux systems 

that prevent the effort of drug, or to produce another metabolic pathway that avoid the action 

of the drug and lowered the porins action (outer membrane of gram negative bacteria).  

Antibiotic susceptible bacteria acquire new genetic material from resistant bacteria through 

processes involving: transduction (mediated by bacteriophages); conjugation (which involves 

direct cell-to-cell contact and transfer of plasmids or transposons); or transformation, 

involving the uptake of free DNA that results from bacterial lysis ((Barbosa and Levy 2000, 

Livermore 2003). Genetic elements transfer horizontally among bacteria is significant in the 

spreading of resistance, predominantly within a diverse bacterial population (e.g., intestine, 

respiratory mucosa and skin) (McDermott et al. 2003, Smillie et al. 2011).  

 

ESBL mechanism, origin and epidemiology 

 The Enterobacteriaceae family of bacteria produce beta-lactamases enzyme against beta-

lactam antibiotics. Beta-lactamase hydrolize penicillins, cephalosporins, monobactams, 

carbapenems, and cephamycins antibiotic groups by inactivating the beta-lactam ring 

(functional part of beta-lactum antibiotics) (Von Döhren 2004). Extended spectrum beta 

lactamase (ESBL) is a kind of plasmid mediated beta-lactamase enzyme produced by some 

bacterial species, which can be inhibited by clavulanic acid and tazobactam. ESBL producing 

bacteria have substances that can degrade the penicillin group and diminish its usefulness. 

There are different types of ESBL found, where the most prevalent type is cefotaximase 

(CTX-M) that can inhibit cefotaxime group of antibiotics. CTX-M was originated from 

Kluyvera spp and later disseminate into different bacterial population including E. 

coli(Bonnet 2004).  Until now, 141 different types of CTX-M enzymes are identified, which 

is divided into five different groups according to their amino acid sequences (Bonnet 2004). 
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CTX-M ESBL types have been detected in human, animal, poultry, wild birds, and even in 

water  (Drawz and Bonomo 2010, Guenther et al. 2010, Bush and Fisher 2011, Hernandez et 

al. 2012). There is a new concern about the New Delhi metallo-beta-lactamase (NDM) 

enzyme producing human associated bacteria first detected from K. pneumonia in India 

(Kumarasamy et al. 2010). NDM-1 is now widely disseminated in different environmental 

settings, which is of a great concern (Walsh et al. 2011). 

 

Current situation in Bangladesh and aims  

The seventh most populated country, Bangladesh, a country with 58 trans-boundary rivers. 

Most of the rivers are connected with wetlands called ‘Bill’ and ‘Hawor’.  Informal 

settlements that lack appropriate sanitary infrastructure, poor hygienic conditions, visiting of 

migratory and domesticated birds, establishment of poultry and dairy farms near rivers, lack 

of proper clinical waste management system, and proper water supply are all likely to have 

serious consequences for contamination of the environment and water. The studies about 

antibiotic resistance in different ecological niches (for example in water and in wild birds) are 

important as it might indicate the extent of alteration of water ecosystems by migration of 

avian species as well as human action. The objective of this study is to determine whether 

indicator E. coli from different ecological niches represent a potential reservoir of antibiotic 

resistance. This may predict that there would be a human activity associated impact on 

microbial density along with antibiotic resistance in natural water reservoirs and local wild 

bird migration in this region. 

 

 

MATERIALS AND METHODS: 

Sample collection: Fresh fecal droppings were collected randomly from two different Open 

Bill Storke (Anastomas oscitans) colonies in Padma Char and Hakaluki Hawor areas of 

Bangladesh during Jan-Feb 2010. Sterile cotton swabs were used to take the fresh fecal 

samples. All samples, immediately after collection in the field, were stored in sterile tubes 

containing bacterial freeze media Luria-Bertani broth (phosphate buffered saline and 4.4% 

glycerol). At the same time, water samples were collected from the nearby natural water 

sources namely Padma river, Buriganga river, and Hakaluki Hawor where OBS visits 

http://en.wikipedia.org/wiki/Trans-boundary_river
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regularly. 40ml of water samples were taken in a Falcon tube containing bacterial freeze 

media.  From each location 2-3 water samples were collected having a distance of 1 km 

between the sampling sites. Water and fecal samples were stored in liquid nitrogen tanks and 

later stored in the laboratory in Bangladesh at -80°C. All samples were shipped to Sweden for 

analysis. 

Bacterial isolation and identification: OBS fecal samples were taken by a sterile swab and 

spread over the solid surface of CLED (Cystine Lactose Electrolyte Deficient agar) plates 

(Lab M Ltd., Lancashire, UK ) and incubated overnight (18-24h) aerobically at 37°C. At the 

same time water samples were analyzed. 35ml of water samples were filtered by Millipore 

filters (0.45 µM, SAS, Molsheim, France) and immediately afterwards filter papers were 

placed on the CLED agar plate for overnight (18-24h) incubation at 37°C. After overnight 

incubation, CLED plates were observed carefully to check the bacterial growth. E. coli is 

considered as an indicator bacteria and this species is readily available in human, different 

animal species, birds, and in water. E. coli was isolated from each CLED plate by visual 

observation and further sub-cultured on CLED plate to get pure single bacterial colonies.  

Each pure single bacterial colony was identified at species level using a series of biochemical 

tests and API 20E biochemical strips (Biomerieux S.A. Marcy-l Etoile France). There are 5 

different biochemical tests that are used to identify E. coli; ONPG, Oxidative-Fermentative 

(OF), VP, Urea, and Salfer Indole Motality (SIM). The API 20E test is an automated 

computerized system to detect bacterial species connected with Enterobacteriace family using 

a panel of biochemical tests. Briefly ,the saline suspension of pure bacterial culture was 

inoculated into the tubes containing 20 different strips; o-nitrophenyl-β-d-galactopyranoside 

(ONPG), Arginine(ADH), Lysine(LDC), Ornithine(ODC), Citrate(CIT), H2S, Urea(URE), 

Tryptophan(TDA), Indole(IND), Voges-Proskauer (VP), Charcoal gelatin(GEL), 

Glucose(GLU), Manitol(MAN), Inositol(INO), Sorbitol(SOR), Rhamnose(RHA), 

Sucrose(SAC), Melibiose(MEL), Amygdalin(AMY), Arabinose(ARA). However, one drop 

of mineral oil was used on the ADH, LDC, ODC, H2S and URE strips to have the anaerobic 

condition. Then the strips were incubated over night (18h-24h) at 37°C and read on the next 

day to determine whether they are positive or negative on the basis of color change describe 

in the API 20E test protocol. The data of the strip was analyzed by API-web to identify the 

potential bacterial species. E. coli isolates identified by biochemical and API 20E tests were 

further cultured on blood agar plates to achieve fresh colonies and stored afterwards at -80°C 

in a tube containing bacterial freeze media. 
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Isolation and identification of ESBL producers: Fecal and 15ml of water samples were 

enriched into the Brain-Heart Infusion broth (Becton Dickinson, Franklin Lakes, NJ, USA) 

containing vancomycin (16 µg/L, ICN Biomedicals Inc., Aurora, OH, USA) and incubated 

over night aerobically at 37°C. Enriched samples were taken by swab and spread on 

chromID
TM

 ESBL plates and incubated again over night at 37°C. Isolates having green and 

burgundy color were suspected as E. coli and K. pneumonia respectively. These isolates were 

further analysed. Bacterial species were further confirmed by the biochemical and API 20E 

test. The isolates were confirmed for ESBL-production by cefpodoxime/cefpodoxime + 

clavulanic acid double disk test.  

Antibiotic susceptibility test: The disc diffusion technique on Mueller Hilton (MH) plates 

was used to determine of susceptibilities to antibiotics. In our study, we followed EUCAST 

(European Committee for Susceptibility testing; www.eucast.org) methodology. All indicator 

E. coli and ESBL-producers were tested to antibiotics  belonging to several classes that are 

common in human and veterinary medicine; Mecillinam (MEL 10), Tigecycline (TGC 15), 

Gentamycin (CN 30), Imipenem (IPM 10), Ciprofloxacin (CIP 5), Aztreonam (ATM 30), 

Nalidixic Acid (NA 30), Tetracycline (TE 30), Ampicillin (AMP 10), Chlorophenicol (C 30), 

Cefuroxime (CXM 30) nda Nitrofurantoin (F 100) (Fig. 1). E. coli ATCC 25922 was used as 

a quality control strain. Susceptibility of the isolates was measure using a calibrated ruler and 

breakpoints were interepted according to the EUCAST. DNA samples of ESBL isolates were 

stored for further examine.  

Fig. 1: EUCAST Clinical break point for Enterobacteriaceae family against different 

antibiotics. 

Name Group Concentration(µg) Susceptible 

(S) 

Resistant(R) 

Mecillinam Penicillin 10 ≥15 <15 
Tigecycline Others 15 ≥15 <15 
Gentamycin Aminoglycoside 30  ≥14 <14 
Imipenem Carbapenem 10  ≥16 <16 
Ciprofloxacin quinolone 5  ≥19 <19 
Aztreonam Monobactam 30  ≥24 <24 
Nalidixic Acid Quinolone 30  ≥16 <16 
Tetracycline Tetracycline 30  ≥18 <18 
Ampicillin Penicillin 10  ≥14 <14 
Chlorophenicol Others 30  ≥17 <17 
Cefuroxime 

Sodium 
Cephalosporin 30  ≥18 <18 

Nitrofurantoin Nitrofuran 100  ≥11 <11 

 

http://www.eucast.org/
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DNA extraction 

DNA was extracted from ESBL producing isolates using the “Heating Block” method. Two 

to three fresh overnight cultured colonies were taken into an eppendorf tube containing 200µl 

of double distilled water and mixed properly. Then this tube was heated for 10 minutes at 

100°C and centrifuged at 13000 rpm for 5 minutes. The supernatant was collected and stored 

at -20C for future analysis.  

 

Detection and genetic characterizations of ESBL-producers 

Detection of ESBL-producing blaCTX-M genes were performed using PCR protocols described 

earlier (Pitout et al. 2004). This PCR method consisting of 4 different PCRs designated to 

detect CTX-M groups I-IV. 4 different CTX-M primer sets were used. Amplification was 

conducted in a total volume of 25 µl containing, 500U/µl of Hotstar taq master mix 

(QIAGEN GmbH, Hilden, Germany), 10 µM forward primers and 10 µM reverse primer, 

PCR water and 1µl of the prepared template. Cycling parameter for CTX-M-I-III group PCRs 

was 15 min at 95°C, 35 cycles of 30s min at 94°C, 30s at 55°C, and 1 min at 72 °C. Cycling 

parameter for CTX-M-IV group PCR was 15 min at 95°C, 35 cycles of 30s min at 94°C, 30s 

at 62°C, and 1 min at 72 °C.  A final extension at 72°C for 10 min was performed thereafter 

in all protocols. The amplified products were visualized in a 1% agarose gel stained with 

ethidium bromide. To control the sizes of the products, an express DNA ladder was used 

(GeneRuler DNA Ladder; Fermentas, Hanover, Md.). The gel was photographed and the 

DNA bands were analyzed visually. Positive controls were K. pneumoniae U0503875 (CTX-

M-I), C2 (CTX-M-II), C8 (CTX-M-III), and C9 (CTX-M-IV), strains used here as a positive 

controls. PCR products that tested positive for CTX-M groups were purified using PCR 

product clean up kits (QIAGEN GmbH, Hilden, Germany). Purified PCR-products were sent 

for sequencing and sequencing was carried out by Eurofins MWG Operon (Ebersberg, 

Germany) as described by Bonnedahl (Bonnedahl et al., 2010). DNA sequences were 

assembled using bio-informatics software (DNA-baser) and then searched and compared with 

the NCBI (National Center for Biotechnology Information) reference database using BLAST 

(basic local alignment search tool) (http://blast.ncbi.nlm.nih.gov). 
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Epidemiological Typing of ESBL 

 Repetitive element polymerase chain reaction (rep-PCR) method was used to detect the 

clonal   relationship among ESBL producing isolates.  Bacterial DNA was prepared from 

overnight cultures by heating the bacterial suspension to 95°C for 10 min. followed by 

centrifugation. Amplification was conducted in a total volume of 25 µl containing 2 mM 

dNTP, 10x PCR buffer, 25 mM MgCl2, 5 U/µl of HotStar taq polymerase, 5 µM primer 

ERIC1R (5’-ATGTAAGCTCCTGGGGATTCAC-3’) and 5 µl of the prepared template. 

Cycling parameters were as follows; 1 min at 94°C, 1 min at 36°C, and 2 min at 72 °C for 45 

cycles. A final extension at 72°C for 5 min was thereafter performed. The gel was 

photographed and the DNA bands were analyzed visually. Isolates differing by one or five 

bands were assigned to different types (van den Bogaard et al. 2001). 

 

NDM-1 gene detection 

To detect the blaNDM-1 gene a PCR assay was developed previously (Nordmann et al. 2011). 

DNA thermal cycler GeneAmp® PCR system 9700 (Applied Biosystems Division, Foster 

City, CA, USA) was used for PCR amplification. The positive control used here for NDM-1 

PCR was K. pneumonia CCUG60138. 

 

 

Multilocus sequence typing (MLST) 

 In total, ESBL producing E. coli strains were characterized by MLST, using specified primers for seven 

standard housekeeping genes (adk, fumC, gyrB, icd, mdh, purA, recA) (Fig. 2) and the protocol 

described previously (Wirth et al. 2006). Cycling parameters were as follows: 30 s at 95°C, 30 s at 

60°C, and 1.5 min at 72 °C for 30 cycles. A final extension at 72°C for 5 min was thereafter 

performed. The PCR products were purified using a PCR purification kit (Fermentas, St. Leon-Rot, 

Germany). PCR products were sequenced at Eurofins MWG Operon, Germany. Allele profiles and 

sequence types (ST) were determined and new allelic profile was assigned via the E. coli MLST 

database (http://mlst.ucc.ie/mlst/dbs/Ecoli/#).  

 

 

 

http://mlst.ucc.ie/mlst/dbs/Ecoli/
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Fig. 2: List of MLST primers, Fragment length and temperature used for annealing. 

Gene Primer

s 

Sequence Fragme

-nt 

length 

(bp) 

Annealin

g Temp 

(°C) 

Adk adkF1 5'-TCATCATCTGCACTTTCCGC-3' 583 54 

adkR1 5'-CCAGATCAGCGCGAACTTCA-3' 

fumC fumCF 5'-TCACAGGTCGCCAGCGCTTC-3'  806 54 

fumCR 5'-GTACGCAGCGAAAAAGATTC-3'  

gyrB gyrBF   5'-TCGGCGACACGGATGACGGC-3' 911 60 

gyrBR 5’-ATCAGGCCTTCACGCGCATC-3' 

Icd icdF 5'-ATGGAAAGTAAAGTAGTTGTTCCGGCACA-3’ 878 54 

icdR 5'-GGACGCAGCAGGATCTGTT-3' 

mdh mdhF 5'ATGAAAGTCGCAGTCCTCGGCGCTGCTGGCGG-3' 932 60 

mdhF1  5'-AGCGCGTTCTGTTCAAATGC-3' 

purA purAF1 5'-TCGGTAACGGTGTTGTGCTG-3' 816 54 

purAR 5'-CATACGGTAAGCCACGCAGA-3' 

recA recAF 5'-CGCATTCGCTTTACCCTGACC-3' 780 58 

recAR 5'-TCGTCGAAATCTACGGACCGGA-3’ 

 

 

RESULTS 

76 E. coli isolates were found in 170 fecal samples and 8 E. coli isolates found from 8 water 

samples when there was no antibiotic selective pressure. The yielding carriage rate of E. coli 

in OBS was 44.71%, however, in water it was 100%.  Of 76 E. coli isolates 22 were resistant 

to one or more classes of tested antibiotics in which 2.63% were Multi Drug Resistant 

(Resistant to three or more classes of antibiotics). All E. coli isolates from water were 

resistant to one or more classes of antibiotics and 50% was multi drug resistant. The most 

common resistant phenotypes for both water and OBS isolates were to ampicillin, 

tetracycline, nalidixic acid, aztreonam and sulfamethoxazole. Again, isolates from birds and 

water were completely sensitive to Tigecycline, gentamycin, imipenem and chloramphenicol. 

Detail data regarding the prevalence of antibiotic resistant phenotypes were presented in the 

Fig. 3.  Diversity of antibiotic resistance phenotypes among bird and water isolates were also 

noticed in Fig. 4. Briefly, E. coli isolates from birds and water were found resistant to 

ampicillin and tetracycline. The common multi resistant pattern was CIP-NA-TE-AMP-SXT, 

which was found in both Padma and Buriganga rivers. There were 2 E. coli ESBL producing 

bacteria found from Padmar Char OBS isolates in contrast, 4 ESBL producing E. coli found 
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from Padma river and Buriganga river water. The common resistant antibiotic phenotypes 

were aztreonam, nalidixic acid, tetracycline, ampicillin, cefuroxime sodium and 

sulfamethoxazole. There was no ESBL producing bacteria found from the isolates of 

Hakaluki Hawor OBS and water. The most challenging obsession was all the ESBL 

producers were multi drug resistant and CTX-M-15 positive (Fig. 5). No NDM-1 producers 

were found in water and birds. The same clone profile was detected from OBS of Padmar 

Char and water of Buriganga river water.  

 

Fig. 3: Antibiotic resistant pattern of E coli in OBS and water 

 

 

No. 

 

Name of antibiotics 

 

Antibiotic Class 

 

No. of Resistant 

isolates (%) in 

OBS, N=76 

 

 

No. of Resistant 

isolates (%) in 

water, N=8 

1 Mecillinam (MEL) Penicillin 1 (1.38%) 0% 

2 Tigecycline (TGC) Tigecycline 0% 0% 

3 Gentamicin (CN) Aminoglycoside 0% 0% 

4 Imipenem (IPM) Carbapenem 0% 0% 

5 Ciprofloxacin (CIP) Fluoroquinolone 2 (2.63%) 2 (25%) 

6 Aztreonam (ATM) Monobactams 4 (5.26%) 2 (25%) 

7 Nalidixic Acid (NA) Quinolone 4 (5.26%) 3 (38%) 

8 Tetracycline (TE) Tetracycline 4 (5.26%) 3 (38%) 

9 Ampicillin (AMP) Penicillin 13 (17.1%) 4 (50%) 

10 Chloramphenicol (C) Chloramphenicol 0% 0% 

11 Cefuroxime Sodium (CXM) Cephalosporin 1 (1.38%) 4 (50%) 

12 Nitrofurantoin (F) Nitrofurans 0% 1 (13%) 

13 Sulfamethoxazole (SXT) Sulfonamides - 3 (38%) 
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Fig. 4: Diversity of antibiotic resistant phenotypes in E. coli from birds and water in different 

locations. 

 

Resistant Phenotypes No. of isolates Source Location 

AMP 12 Bird Padmar Char, Hakaluki Hawor 

TE 3 Bird Padmar Char, Hakaluki Hawor 

CIP-NA 2 Bird Padmar Char 

ATM-NA-TE-AMP 1 Bird Padmar Char 

ATM 2 Bird Padmar Char 

CXM 1 Bird Hakaluki Hawor 

MEL-ATM-NA 1 Bird Hakaluki Hawor 

F 1 Water Padma river 

TE-SXT 1 Water Padma river 

CIP-NA-TE-AMP-SXT 2 Water Padma river, Buriganga river 

SXT 2 Water Hakaluki Hawor 

ATM-AMP-CXM 1 Water Buriganga river 

 

 

Fig. 5: The genotype, MLST and clone profile of ESBL producers: 

 

Sample 

ID 

 

Source 

(location) 

Sp. ESBL antibiotics ESBL 

genotype 

MLST Clone 

86 OBS 

(Padmar 

Char) 

E. coli ATM-NA-TE-

AMP-CXM 

CTX-M-

15 

ST2689 C 

88 OBS 

(Padmar 

Char) 

E. coli ATM-NA-TE-

AMP-CXM 

CTX-M-

15 

ST4016(New) D 

7AE.W25 Water 

(Padma 

river) 

E. coli CIP-ATM-NA-

TE-AMP-C-CXM-

SXT 

CTX-M-

15 

ST156 

complex 156 

B 

7BE.W28 Water 

(Padma 

river) 

E. coli CIP-ATM-NA-

TE-AMP-C-CXM-

SXT 

CTX-M-

15 

ST156 

complex 156 

B 

10BE.W40 Water 

(Buriganga 

river) 

E. coli ATM-TE-AMP-

CXM-SXT 

CTX-M-

15 

ST10 

complex 10 

D 

10BE.W41 Water 

(Buriganga 

river) 

E. coli CN-ATM-NA-TE-

AMP-CXM-SXT 

 CTX-M-

15 

ST46 

complex 46 

C 
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DISCUSSION 

 

Antibiotic resistance in the environment is a serious consequence of misuse and over use of 

antibiotics. Environmental bacteria in different ecological niches have been shown to be a reservoir 

of antibiotic resistance genes and a potential source of novel resistance genes in clinical pathogens 

(D'Costa et al. 2006, Dantas et al. 2008). The fecal carriage of non-pathogenic E. coli in OBS was 

high in the OBS, however, carriage of antibiotic resistant bacteria was comparatively lower than 

other birds reported previously (Hasan et al. 2011, Hasan et al. 2012a), (Hasan et al. 2012b).  In 

total, 28.95% of OBS E. coli isolate showed resistance to at least one antibiotic. Even though, to a 

lesser extent, E. coli isolates were resistant to antibiotics that were commonly used in human and 

veterinary medicine in Bangladesh. In our study E. coli was resistant to antibiotics like ampicillin, 

tetracycline & nalidixic acid and these resistant phenotypes were reported in E. coli isolated from 

clinically affected broiler chickens in the USA (Zhao et al. 2005). These antibiotics are mainly for 

animal use and common resistant phenotypes in livestock (Sorum and Sunde 2001, Hasan et al. 

2011). Interestingly OBS were found to be the carrier of critically important human antibiotics like 

aztreonam, ciprofloxacin, mecillinam and cefuroxime sodium. Even though these birds were neither 

fed nor had indirect contact with these antibiotics, but it is a matter of concern how these birds 

acquired resistance to human associated antibiotics. The human surroundings and the environment 

are heavily polluted by resistant bacteria, which may influence the birds’ fecal flora. Birds live close 

to human activity and have a higher chance of fecal carriage of E. coli than do birds living far from 

humans (Gordon and Cowling 2003). Another factor that can influence the fecal carriage of bacteria 

in birds is dependent on the feeding behaviour and lifestyle of birds (Feare et al. 1999). The lifestyle 

and feeding behaviour of OBS are quite different from other birds, they are homogenous habitat, 

migratory, feed snails from wetlands, lives in a group where the compactness depends on the 

availability of food, suitable trees and their social interaction (Singha 2002). Having resistance in 

birds may signify the ease of picking up bacteria of human and animal origin from the environment 

as the environment of Bangladesh was highly contaminated with resistant bacteria (Bonnedahl et al. 

2009, Hasan et al. 2012a, Hasan et al. 2012b). Their fecal samples examined to know the presence of 

antimicrobial in the wetland area near rivers. 

 

To know the more detailed dynamics of antibiotic resistance in different ecological niches, water 

sample were investigated from the nearby water sources like rivers and lakes. The water samples 

were collected from the nearby river where the OBS were used to visit in searching of food. All the 

water samples had E. coli and these isolates showed resistance to at least one antibiotic of the tested 
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antibiotics with 50% multi drug resistant phenotypes in general.  Water isolates had resistance to 

several of the tested antibiotics including ciprofloxacin, cefuroxime sodium, nalidixic acid and 

tetracycline. Ciprofloxacin and cefuroxime sodium are considered as last line of broad spectrum 

human antibiotics against different infection. The presence of human associated antibiotics is a 

matter of concern and indicating wide spread dissemination of antibiotic resistance. As instance, 

antibiotic resistant bacteria found from waste-water of different cities, livestock production farms, 

sewage and hospital drains (Guardabassi et al. 1998, Iversen et al. 2002, Bolaji et al. 2011, Colomer-

Lluch et al. 2011, Dolejska et al. 2011, Shah et al. 2012, Colomer-Lluch et al. 2013). There is a 

recent evidence of resistant bacteria found from drinking water in India (Coleman et al. 2012). 

 

The new concern from last two decades is the origin, evolution, and spreading of ESBL producing 

bacteria. The rate of ESBL producing E. coli has been increasing in many countries, not only 

restricted to human, but also reported in the environmental niches like wildlife, livestock, water, and 

in grounds of different locations of the world (Bradford 2001, Ensor et al. 2006, Smet et al. 2010, 

Kamruzzaman et al. 2013). In this study, the load of ESBL producing E. coli low and only found in 

OBS colony from Padmar char, however, none from the OBS population from Hakaluki Hawor.  

Except of Hakaluki Hawor, water samples from all other locations had ESBL producers.  

 

All ESBL-producing E. coli from water and OBS were harbouring CTX-M genotypes. Genotypic 

classification through analysis revealed blaCTX-M-15 genotype. The presence of blaCTX-M-15 gene in all 

ESBL producer isolates is alarming for nosocomial and community-onset infections like urinary tract 

and bloodstream infections of humans (Oteo et al. 2010). CTX-M-15 was previously detected from 

domesticated duck and chicken of Bangladeshi isolates (Hasan et al. 2012b). This gene type also 

reported globally from different environmental reservoirs like in gulls (Bonnedahl et al. 2009, 

Bonnedahl et al. 2010, Hernandez et al. 2010) and grounds of Antarctic tundra (Hernandez et al. 

2012).  Extensively distributed CTX-M-15 gene found in supply water from the south part of Dhaka 

city (Talukder et al.2013). Multidrug resistance was common among ESBL-producing isolates from 

OBS and water (Fig. 5). All ESBL-producing E. coli isolates had multi-drug resistance phenotypes 

ranging from 4-7 classes of antibiotics. There were about 43% ESBL producing E. Coli isolates 

found from a recent study, in a hospital of Dhaka city, which is located on the east banks of the 

Buriganga river (Rahman et al. 2004).  So, it can be concluded that CTX-M-15 has disseminated 

widely in Bangladesh which is reflected among isolates from birds and water. 
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Carbapenem resistance is a serious concern recently due to the emergence of new variants genes like 

NDM-1 (New Delhi metallo-β-lactamase-1). NDM-1 evolved from the Indian subcontinent in 

human(Kumarasamy et al. 2010) and later spread into different ecological niches like in water 

supply, lakes, ponds, animals and finally in pets (Walsh et al. 2011, Isozumi et al. 2012, Wang et al. 

2012, Shaheen et al. 2013). The emergence and rapid spread into the environment is due to plasmid 

mediated transfer of blaNDM-1 gene (Rolain et al. 2010). In turn, NDM-1 has been reported in 

hospitals of Bangladesh(Islam et al. 2013), but no NDM-1 producing E. coli found from OBS and 

water, indicating the spread of NDM-1 producers is limited into the hospital and no dissemination 

yet into the environment(Hasan et al. 2012a). 

 

The epidemiological typing by rep-PCR was used to point out the dissemination of ESBL-producing 

bacterial clones into the environment where birds and water could be the potential vectors. This 

method can also explain the bird to bird or bird to human or environment to bird transfer of specific 

clones that are already dominant in the environmental niches (Hasan et al. 2012b).  In this study, 

dissemination of specific clones were found, which was reflected in different reservoirs in different 

locations, for example, certain ESBL producing E. coli clones were common in water and birds in 

different locations; Clonal types C and D were found in OBS from Padmar Char (Fig. 6) and these 

clones were also found in water samples from Buriganga river even though the distance between 

these two places was more than 300km. However, OBS is often used to visit these places and 

presence of these clones in birds and water in two different locations indicating wide environmental 

spread in different ecological niches. 

 

MLST deals with the chromosomal segment of the bacterial genome, which can give more detailed 

information about the dissemination angles of certain ESBL-producing strains in the environment on 

the basis of sequences type. MLST analysis of ESBL-producing E. coli revealed 5 different sequence 

types (STs). There was only one found as a new ST. However, majority of the STs were reported 

elsewhere.  ST10 complex 10, ST 156 complex 156 and ST46 were found only in water from this 

study (Fig. 6). These STs are human associated STs reported in different countries of the world, for 

example E. coli strains ST10 complex 10 found from a hospital in Spain (Mushtaq et al. 2011), 

ST156 complex 156 found from UK hospital (Oteo et al. 2009) and ST46 identified in Tanzanian 

clinical isolates (Mshana et al. 2011). Interesting the OBS was also carrying birds associated 

ST2689. ST2689 was identified gull (sp) isolate from Kuakata of Bangladesh (Hasan 2013).  
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CONCLUSION 

 

In conclusion, it can be assumed that the multi-drug resistant bacteria and their corresponding 

resistance genes along with human associated STs have already spread into different ecological 

niches, more specifically in natural water sources in addition to birds in Bangladesh. Water is an 

important ecological niche and could possibly be a source/reservoir of drug resistant bacteria for 

human and animals. As OBS do not naturally come in contact with antibacterial agents, the results 

showed the prevalence of ESBL-containing E. coli was not high as compared to other bird species 

from previous studies, however, still alarming. Nationwide surveillance studies are needed in more 

ecological sites to understand better the ecology of antibiotics and ecological impact of antibiotics. 
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