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Results

1. To investigate the presence, abundance, and diversity of AMR E. coli from wild birds
across geographic and temporal scales.

2. To characterize the molecular determinants of resistance through targeted resistance
gene screening for select classes of antimicrobials, and later through whole-genome
sequencing.

3. To identify potential sources of these microbes and the persistence of clonal groups in
different species and relate this to the lifestyles of their host.

4. To assess risk of infection by drug resistant microbes and the role of wild birds as
sources and vectors across broad geographic and temporal scales.
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Future Work and Open Questions

Discussion

Dendrograms and Cephalosporin-resistance Focus

FIGURE 4 | Dendrograms constructed from VNTR analysis (MLVA5) of (A) all 310 strains and (B) the 17 cephalosporin-resistant strains using BioNumerics
(UPGMA with Dice algorithm). Bird type and phylogroup colours match those of above (Figure 3). Antimicrobial susceptibility profiles are indicated where
coloured blocks indicate presence of phenotypic resistance, and they are coloured by drug class. ESBL-phenotypes and cephalosporin-resistance genes
detected are as indicated in the last panel of (B).

Molecular characterization of these strains is still ongoing, with WGS of a
subset of isolates in the coming month. Network and relatedness and
SNP analyses will be performed to further understand the complex E. coli
collection and to specifically address objectives 3 and 4.

There are many open questions we hope to address, such as:
What are the source(s) of infection/colonization and where is this
occurring.
To what extent is there spread of AMR bacteria between individuals
and across species or types of birds.
What role do birds found in Newfoundland have as vectors of AMR
bacteria across broad geographic scales, potentially with global
implications.
If wild birds can serve as sentinels of what’s in the environment – if
we know source of infection, can we intervene?

Contacts:
jordan.wight@mun.ca @jordtwight
aslang@mun.ca

Alexander Graham 
Bell Canada Graduate 
Scholarship-Doctoral

FIGURE 2 | (A) Bird types and their respective sampling locations; cloacal swabs were
obtained from 242 individuals between 2018 and 2023. (B) Overview of the sample
processing methodology and molecular characterization workflow.
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Strain Sample Bird Type Year Phylogroup AMK GEN KAN STR AMX MEM CFZ CTX CHL FOS NAL CIP TET DOX MIN
A0019 NL-20-19 Seabird 2020 Clade 5             
A0336 NL-19-70 Seabird 2019 Clade 5             
A0315 NL-19-66 Seabird 2019 B2             
A0570 NL-21-7  Gull 2021 F    1 1 1       
A0266 NL-19-13 Gull 2019 F             
A1037 NL-22-16 Duck 2022 F    1 1        
A0020 NL-20-19 Seabird 2020 Clade 5             
A0128 NL-20-29 Seabird 2020 B2             
A0129 NL-20-29 Seabird 2020 B2        1     
A0001 NL-20-12 Seabird 2020 B2             
A0013 NL-20-19 Seabird 2020 B2             
A0586 NL-21-11 Gull 2021 B2             
A0006 NL-20-12 Seabird 2020 B2             
A0098 NL-20-9  Seabird 2020 B2             
A0233 NL-18-20 Seabird 2018 B2             
A0312 NL-19-66 Seabird 2019 B2             
A0143 NL-20-27 Seabird 2020 D             
A1035 NL-22-16 Duck 2022 B2        1     
A0297 NL-19-65 Seabird 2019 B2             
A0651 NL-19-78 Seabird 2019 B2             
A0657 NL-19-81 Seabird 2019 B2             
A0669 NL-19-89 Seabird 2019 B2             
A0173 NL-18-5  Seabird 2018 B1    1      1   
A0249 NL-19-13 Gull 2019 B2             
A0264 NL-19-13 Gull 2019 B2             
A1101 NL-23-02 Duck 2023 B1             
A0074 NL-20-16 Seabird 2020 A             
A1064 NL-22-19 Duck 2022 A             
A0081 NL-20-17 Seabird 2020 A             
A0950 NL-22-10 Duck 2022 A   1 1      1   
A0058 NL-20-11 Seabird 2020 A             
A0076 NL-20-16 Seabird 2020 A             
A0080 NL-20-17 Seabird 2020 A             
A0220 NL-18-14 Seabird 2018 B2             
A0489 NL-19-108 Gull 2020 B2    1 1 1  1     
A0374 NL-19-72 Seabird 2019 B2             
A1042 NL-22-17 Duck 2022 B2             
A0150 NL-18-1  Seabird 2018 B2             
A0252 NL-19-13 Gull 2019 D             
A1025 NL-22-16 Duck 2022 D   1 1         
A0017 NL-20-19 Seabird 2020 Clade 5             
A0283 NL-19-49 Seabird 2019 D             
A0016 NL-20-19 Seabird 2020 C             
A0701 NL-21-35 Seabird 2021 Clade 5             
A0142 NL-20-27 Seabird 2020 B1    1         
A0576 NL-21-7  Gull 2021 B2        1     
A0900 NL-22-07 Duck 2022 E             
A0902 NL-22-07 Duck 2022 B1          1   
A0463 NL-19-102 Gull 2019 B2             
A0914 NL-22-08 Duck 2022 F             
A0496 NL-19-108 Gull 2020 B2   1 1 1 1  1     
A0912 NL-22-07 Duck 2022 E 1  1       1   
A0677 NL-19-109 Gull 2020 B2             
A0864 NL-22-04 Duck 2022 F          1 1  
A0112 NL-20-27 Seabird 2020 D             
A1092 NL-23-01 Duck 2023 Clade 4             
A0920 NL-22-08 Duck 2022 C  1        1   
A0451 NL-19-101 Gull 2019 B2             
A0490 NL-19-108 Gull 2020 B2    1 1 1  1 1    
A0518 NL-20-31 Duck 2020 Clade 5             
A0519 NL-20-31 Duck 2020 B2    1    1     
A0548 NL-20-41 Duck 2020 B1             
A0869 NL-22-04 Duck 2022 B1    1 1 1       
A0895 NL-22-07 Duck 2022 B1             
A0068 NL-20-14 Seabird 2020 B1             
A0996 NL-22-13 Duck 2022 B1             
A0593 NL-21-12 Gull 2021 B1             
A0793 NL-19-78 Seabird 2019 B2             
A0846 NL-22-03 Duck 2022 B1             
A0888 NL-22-06 Duck 2022 B1   1 1 1 1    1   
A0884 NL-22-06 Duck 2022 B1             
A0769 NL-21-40 Seabird 2021 B1             
A0823 NL-21-42 Seabird 2021 A          1 1  
A0662 NL-22-01 Duck 2022 B1             
A0780 NL-22-02 Duck 2022 B1             
A0790 NL-22-02 Duck 2022 B1    1 1 1       
A0741 NL-71-38 Seabird 2021 B1             
A0154 NL-18-1  Seabird 2018 B1             
A0296 NL-19-65 Seabird 2019 B1             
A0105 NL-20-15 Seabird 2020 B1             
A0153 NL-18-1  Seabird 2018 B1             
A0224 NL-18-20 Seabird 2018 B1             
A0329 NL-19-67 Seabird 2019 B1             
A0549 NL-20-41 Duck 2020 Clade 3             
A0997 NL-22-13 Duck 2022 B2             
A0093 NL-20-7  Seabird 2020 A             
A0135 NL-20-9  Seabird 2020 B2             
A0629 NL-21-15 Gull 2021 A             
A0635 NL-21-15 Gull 2021 B1          1 1  
A0760 NL-21-39 Seabird 2021 B1    1      1   
A0060 NL-20-11 Seabird 2020 B1             
A0075 NL-20-16 Seabird 2020 B1             
A0929 NL-22-09 Duck 2022 B1             
A0529 NL-20-38 Duck 2020 B1             
A0516 NL-20-31 Duck 2020 B1             
A0825 NL-21-42 Seabird 2021 B1          1 1  
A0916 NL-22-08 Duck 2022 B1             
A0709 NL-21-36 Seabird 2021 B1             
A0994 NL-22-12 Duck 2022 B1             
A1017 NL-22-15 Duck 2022 B1             
A0104 NL-20-15 Seabird 2020 Clade 5             
A0682 NL-21-33 Gull 2021 B1             
A1093 NL-23-01 Duck 2023 B1             
A0607 NL-21-14 Gull 2021 B1  1  1      1 1  
A0863 NL-22-04 Duck 2022 B1        1     
A0934 NL-22-09 Duck 2022 B1    1    1     
A1072 NL-22-19 Duck 2022 B1   1          
A0894 NL-22-07 Duck 2022 B1             
A0062 NL-20-14 Seabird 2020 Clade 5             
A0753 NL-21-39 Seabird 2021 B1             
A0505 NL-20-30 Duck 2020 C             
A0948 NL-22-10 Duck 2022 C             
A0513 NL-20-30 Duck 2020 B2    1    1     
A0814 NL-21-42 Seabird 2021 B2             
A0470 NL-19-102 Gull 2019 B1        1     
A0791 NL-22-02 Duck 2022 B1    1 1        
A0933 NL-22-09 Duck 2022 B1    1      1   
A0867 NL-22-04 Duck 2022 B1             
A0891 NL-22-06 Duck 2022 B1   1          
A0762 NL-21-39 Seabird 2021 B1   1 1         
A0763 NL-21-39 Seabird 2021 B1   1 1         
A0926 NL-22-09 Duck 2022 A             
A0530 NL-20-38 Duck 2020 B1   1       1   
A0725 NL-21-37 Seabird 2021 B1          1   
A0125 NL-20-28 Seabird 2020 B1    1         
A0221 NL-18-14 Seabird 2018 B1             
A0811 NL-21-42 Seabird 2021 B1             
A0174 NL-18-5  Seabird 2018 B1             
A0523 NL-20-37 Duck 2020 B1             
A0653 NL-19-78 Seabird 2019 B1             
A0718 NL-21-37 Seabird 2021 B1             
A0247 NL-19-5  Seabird 2019 B1             
A0515 NL-20-30 Duck 2020 B2        1 1 1 1  
A0290 NL-19-49 Seabird 2019 D             
A0673 NL-19-89 Seabird 2019 Clade 3             
A0675 NL-19-89 Seabird 2019 B1             
A0438 NL-19-87 Seabird 2019 Clade 3             
A0921 NL-22-08 Duck 2022 C   1 1      1   
A0022 NL-20-20 Seabird 2020 Clade 5             
A0589 NL-21-12 Gull 2021 B1   1 1      1   
A1043 NL-22-17 Duck 2022 A             
A0750 NL-71-38 Seabird 2021 Clade 5             
A0980 NL-22-11 Duck 2022 B1    1 1 1    1   
A0783 NL-22-02 Duck 2022 Clade 5        1     
A0860 NL-22-04 Duck 2022 Clade 5        1     
A0502 NL-20-30 Duck 2020 Clade 5        1     
A0644 NL-21-23 Gull 2021 Clade 5             
A0836 NL-21-43 Seabird 2021 Clade 5             
A0890 NL-22-06 Duck 2022 Clade 5        1     
A0936 NL-22-09 Duck 2022 A          1 1  
A0652 NL-19-78 Seabird 2019 Clade 3             
A0747 NL-71-38 Seabird 2021 B1             
A0323 NL-19-66 Seabird 2019 A    1     1   
A0388 NL-19-80 Seabird 2019 C    1         
A0941 NL-22-09 Duck 2022 A  1  1 1 1 1   1 1  
A1022 NL-22-15 Duck 2022 C             
A0092 NL-20-7  Seabird 2020 A             
A0123 NL-20-27 Seabird 2020 C          1 1  
A0611 NL-21-14 Gull 2021 A       1   1   
A0710 NL-21-36 Seabird 2021 C             
A0328 NL-19-67 Seabird 2019 C    1         
A0714 NL-21-36 Seabird 2021 A             
A0655 NL-19-78 Seabird 2019 A          1   
A0794 NL-19-78 Seabird 2019 A             
A0830 NL-21-43 Seabird 2021 C             
A0975 NL-22-11 Duck 2022 A          1   
A1086 NL-22-20 Duck 2022 F             
A0966 NL-22-10 Duck 2022 A          1 1  
A1094 NL-23-01 Duck 2023 C   1          
A0117 NL-20-27 Seabird 2020 A          1 1  
A0937 NL-22-09 Duck 2022 C          1 1  
A1067 NL-22-19 Duck 2022 A   1       1   
A0119 NL-20-27 Seabird 2020 A    1      1 1  
A0015 NL-20-19 Seabird 2020 C             
A0308 NL-19-65 Seabird 2019 A          1 1  
A1079 NL-22-19 Duck 2022 A          1   
A0084 NL-20-18 Seabird 2020 A             
A1100 NL-23-02 Duck 2023 A             
A0083 NL-20-18 Seabird 2020 A             
A0483 NL-19-105 Gull 2020 B2             
A0775 NL-21-40 Seabird 2021 A             
A0102 NL-20-9  Seabird 2020 B2             
A0638 NL-21-23 Gull 2021 B2             
A0193 NL-18-6  Seabird 2018 B2             
A0824 NL-21-42 Seabird 2021 C    1      1   
A0497 NL-19-108 Gull 2020 D   1 1 1 1  1  1 1 1
A0829 NL-21-43 Seabird 2021 D 1  1 1      1   
A0721 NL-21-37 Seabird 2021 D             
A0485 NL-19-108 Gull 2020 B1             
A0852 NL-22-03 Duck 2022 D    1   1   1   
A0963 NL-22-10 Duck 2022 D    1      1   
A0126 NL-20-28 Seabird 2020 D             
A0145 NL-20-27 Seabird 2020 D             
A0219 NL-18-14 Seabird 2018 D             
A0114 NL-20-27 Seabird 2020 D             
A0915 NL-22-08 Duck 2022 A             
A0590 NL-21-12 Gull 2021 C        1     
A0601 NL-21-13 Gull 2021 B2          1   
A0602 NL-21-14 Gull 2021 A             
A0386 NL-19-80 Seabird 2019 C             
A0538 NL-20-38 Duck 2020 C             
A0014 NL-20-19 Seabird 2020 C             
A0723 NL-21-37 Seabird 2021 C             
A0951 NL-22-10 Duck 2022 C          1 1  
A1002 NL-22-13 Duck 2022 C             
A0118 NL-20-27 Seabird 2020 C          1 1  
A0899 NL-22-07 Duck 2022 C          1 1  
A0556 NL-20-44 Duck 2020 B1             
A0467 NL-19-102 Gull 2019 C    1      1   
A0663 NL-22-01 Duck 2022 C             
A0464 NL-19-102 Gull 2019 A             
A0476 NL-19-102 Gull 2019 A    1      1   
A0766 NL-21-39 Seabird 2021 A    1      1 1  
A0871 NL-22-04 Duck 2022 A  1  1 1 1 1   1 1 1
A0471 NL-19-102 Gull 2019 C        1  1 1 1
A0474 NL-19-102 Gull 2019 C  1 1 1 1 1 1   1   
A0514 NL-20-30 Duck 2020 C 1  1 1    1 1 1   
A0840 NL-21-43 Seabird 2021 C        1 1    
A0462 NL-19-102 Gull 2019 C             
A0786 NL-22-02 Duck 2022 C          1   
A0943 NL-22-09 Duck 2022 A  1  1 1 1 1   1   
A0672 NL-19-89 Seabird 2019 A             
A0439 NL-19-87 Seabird 2019 D             
A0708 NL-21-36 Seabird 2021 D             
A0752 NL-21-39 Seabird 2021 Clade 5             
A0808 NL-21-42 Seabird 2021 B2             
A0901 NL-22-07 Duck 2022 D   1 1 1 1  1     
A1036 NL-22-16 Duck 2022 D    1   1 1  1 1  
A1044 NL-22-17 Duck 2022 B1             
A1082 NL-22-20 Duck 2022 Clade 4             
A0063 NL-20-14 Seabird 2020 B1             
A0065 NL-20-14 Seabird 2020 B1             
A0683 NL-21-34 Gull 2021 B1             
A0317 NL-19-66 Seabird 2019 D             
A0217 NL-18-11 Seabird 2018 B1             
A0335 NL-19-70 Seabird 2019 B1             
A0368 NL-19-72 Seabird 2019 B1             
A0326 NL-19-65 Seabird 2019 B1             
A1032 NL-22-16 Duck 2022 B1             
A0401 NL-19-85 Seabird 2019 B1             
A0694 NL-21-35 Seabird 2021 B1             
A0228 NL-18-20 Seabird 2018 B1             
A0810 NL-21-42 Seabird 2021 A             
A0615 NL-21-14 Gull 2021 B1          1 1  
A0359 NL-19-72 Seabird 2019 B2             
A0564 NL-21-7  Gull 2021 Clade 3             
A0419 NL-19-85 Seabird 2019 B1    1     1   
A1085 NL-22-20 Duck 2022 A             
A0073 NL-20-16 Seabird 2020 B1             
A0807 NL-21-41 Seabird 2021 B2          1 1  
A0156 NL-18-1  Seabird 2018 B1             
A0796 NL-21-41 Seabird 2021 B1             
A0517 NL-20-31 Duck 2020 C             
A1041 NL-22-16 Duck 2022 B1          1   
A0499 NL-20-30 Duck 2020 B1             
A0385 NL-19-80 Seabird 2019 B1             
A1065 NL-22-19 Duck 2022 B1             
A0809 NL-21-42 Seabird 2021 D             
A1068 NL-22-19 Duck 2022 D        1  1 1  
A0584 NL-21-7  Gull 2021 B1   1       1   
A0702 NL-21-35 Seabird 2021 B1          1 1  
A1049 NL-22-17 Duck 2022 unknown             
A0241 NL-19-5  Seabird 2019 B1             
A0616 NL-21-14 Gull 2021 B1          1 1  
A0071 NL-20-14 Seabird 2020 B1             
A0148 NL-18-1  Seabird 2018 B1             
A0152 NL-18-1  Seabird 2018 B1             
A0827 NL-21-43 Seabird 2021 B1             
A0976 NL-22-11 Duck 2022 B1          1   
A0986 NL-22-11 Duck 2022 B1  1 1       1 1  
A0227 NL-18-20 Seabird 2018 B1             
A0626 NL-21-15 Gull 2021 B1             
A1060 NL-22-18 Duck 2022 B1             
A0989 NL-22-11 Duck 2022 B1    1      1 1  
A0381 NL-19-72 Seabird 2019 B1  1 1     1 1 1
A0382 NL-19-72 Seabird 2019 B1  1 1     1 1  
A1028 NL-22-16 Duck 2022 B1          1   
A0330 NL-19-67 Seabird 2019 B1    1         
A0389 NL-19-80 Seabird 2019 B1    1         
A0035 NL-20-1  Seabird 2020 B1             
A0972 NL-22-11 Duck 2022 B1             
A1110 NL-23-02 Duck 2023 B1 1   1 1 1    1   
A0608 NL-21-14 Gull 2021 B1             
A0124 NL-20-28 Seabird 2020 B1    1         
A0573 NL-21-7  Gull 2021 B1          1   
A0935 NL-22-09 Duck 2022 B1          1   
A0146 NL-20-27 Seabird 2020 B1             
A0170 NL-18-5  Seabird 2018 B1    1      1   
A0088 NL-20-18 Seabird 2020 B1             
A0151 NL-18-1  Seabird 2018 A             
A0136 NL-20-9  Seabird 2020 B2             
A0139 NL-20-15 Seabird 2020 B1             
A0422 NL-20-34 Duck 2020 Clade 5             
A0531 NL-20-38 Duck 2020 Clade 5             
A1084 NL-22-20 Duck 2022 D             
A0387 NL-19-80 Seabird 2019 Clade 5             
A0522 NL-20-37 Duck 2020 Clade 5             
A0903 NL-22-07 Duck 2022 D    1   1   1   
A0907 NL-22-07 Duck 2022 D   1 1      1   
A0658 NL-19-81 Seabird 2019 C    1         
A0815 NL-21-42 Seabird 2021 C             
A0854 NL-22-04 Duck 2022 B1             
A0879 NL-22-05 Duck 2022 Clade 5        1     
A0896 NL-22-07 Duck 2022 Clade 5             
A0993 NL-22-12 Duck 2022 Clade 5             
A0816 NL-21-42 Seabird 2021 B1          1   
A0906 NL-22-07 Duck 2022 B1   1 1   1   1   
A0930 NL-22-09 Duck 2022 C             
A0931 NL-22-09 Duck 2022 C             
A0932 NL-22-09 Duck 2022 F             
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Strain Sample Bird Type Location Sampling Date Phylogroup AMK GEN KAN STR AMX AMP MEM CFZ CTX CHL FOS NAL CIP TET DOX MIN ESBL Phenotype
blaCTX-M 
Group 1

blaCTX-M 
Group 9

blaCMY blaSHV blaTEM

A0570 NL-21-7  Gull Long Pond June 2021 F    1 1 1 1       Non-ESBL 1

A1037 NL-22-16 Duck Quidi Vidi Sept. 2022 F    1 1 1        Non-ESBL 1

A0941 NL-22-09 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1 1  ESBL 1

A0497 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 D   1 1 1 1 1  1  1 1 1 ESBL 1

A0980 NL-22-11 Duck Quidi Vidi July 2022 B1    1 1 1 1    1   ESBL 1

A1110 NL-23-02 Duck Quidi Vidi Feb. 2023 B1 1   1 1 1 1    1   ESBL 1

A0474 NL-19-102 Gull Robin Hood Bay Landfill Nov. 2019 C  1 1 1 1 1 1 1   1   ESBL 1

A0871 NL-22-04 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1 1 1 ESBL 1

A0943 NL-22-09 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1   ESBL 1

A0901 NL-22-07 Duck Bowring Park July 2022 D   1 1 1 1 1  1     ESBL 1

A0490 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2    1 1 1 1  1 1    ESBL 1

A0869 NL-22-04 Duck Bowring Park July 2022 B1    1 1 1 1       Non-ESBL 1

A0888 NL-22-06 Duck Bowring Park July 2022 B1   1 1 1 1 1    1   Susceptible 1

A0790 NL-22-02 Duck Bowring Park July 2022 B1    1 1 1 1       ESBL 1

A0791 NL-22-02 Duck Bowring Park July 2022 B1    1 1 1        Non-ESBL 1

A0489 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2    1 1 1 1  1     Non-ESBL 1

A0496 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2   1 1 1 1 1  1     ESBL 1
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A1037 NL-22-16 Duck Quidi Vidi Sept. 2022 F    1 1 1        Non-ESBL 1

A0941 NL-22-09 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1 1  ESBL 1

A0497 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 D   1 1 1 1 1  1  1 1 1 ESBL 1

A0980 NL-22-11 Duck Quidi Vidi July 2022 B1    1 1 1 1    1   ESBL 1

A1110 NL-23-02 Duck Quidi Vidi Feb. 2023 B1 1   1 1 1 1    1   ESBL 1

A0474 NL-19-102 Gull Robin Hood Bay Landfill Nov. 2019 C  1 1 1 1 1 1 1   1   ESBL 1

A0871 NL-22-04 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1 1 1 ESBL 1

A0943 NL-22-09 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1   ESBL 1

A0901 NL-22-07 Duck Bowring Park July 2022 D   1 1 1 1 1  1     ESBL 1

A0490 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2    1 1 1 1  1 1    ESBL 1

A0869 NL-22-04 Duck Bowring Park July 2022 B1    1 1 1 1       Non-ESBL 1

A0888 NL-22-06 Duck Bowring Park July 2022 B1   1 1 1 1 1    1   Susceptible 1

A0790 NL-22-02 Duck Bowring Park July 2022 B1    1 1 1 1       ESBL 1

A0791 NL-22-02 Duck Bowring Park July 2022 B1    1 1 1        Non-ESBL 1

A0489 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2    1 1 1 1  1     Non-ESBL 1

A0496 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2   1 1 1 1 1  1     ESBL 1

Strain Sample Bird Type Location Sampling Date Phylogroup AMK GEN KAN STR AMX AMP MEM CFZ CTX CHL FOS NAL CIP TET DOX MIN ESBL Phenotype
blaCTX-M 
Group 1

blaCTX-M 
Group 9

blaCMY blaSHV blaTEM

A0570 NL-21-7  Gull Long Pond June 2021 F    1 1 1 1       Non-ESBL 1

A1037 NL-22-16 Duck Quidi Vidi Sept. 2022 F    1 1 1        Non-ESBL 1

A0941 NL-22-09 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1 1  ESBL 1

A0497 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 D   1 1 1 1 1  1  1 1 1 ESBL 1

A0980 NL-22-11 Duck Quidi Vidi July 2022 B1    1 1 1 1    1   ESBL 1

A1110 NL-23-02 Duck Quidi Vidi Feb. 2023 B1 1   1 1 1 1    1   ESBL 1

A0474 NL-19-102 Gull Robin Hood Bay Landfill Nov. 2019 C  1 1 1 1 1 1 1   1   ESBL 1

A0871 NL-22-04 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1 1 1 ESBL 1

A0943 NL-22-09 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1   ESBL 1

A0901 NL-22-07 Duck Bowring Park July 2022 D   1 1 1 1 1  1     ESBL 1

A0490 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2    1 1 1 1  1 1    ESBL 1

A0869 NL-22-04 Duck Bowring Park July 2022 B1    1 1 1 1       Non-ESBL 1

A0888 NL-22-06 Duck Bowring Park July 2022 B1   1 1 1 1 1    1   Susceptible 1

A0790 NL-22-02 Duck Bowring Park July 2022 B1    1 1 1 1       ESBL 1

A0791 NL-22-02 Duck Bowring Park July 2022 B1    1 1 1        Non-ESBL 1

A0489 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2    1 1 1 1  1     Non-ESBL 1

A0496 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2   1 1 1 1 1  1     ESBL 1

Strain Sample Bird Type Location Sampling Date Phylogroup AMK GEN KAN STR AMX AMP MEM CFZ CTX CHL FOS NAL CIP TET DOX MIN ESBL Phenotype
blaCTX-M 
Group 1

blaCTX-M 
Group 9

blaCMY blaSHV blaTEM

A0570 NL-21-7  Gull Long Pond June 2021 F    1 1 1 1       Non-ESBL 1

A1037 NL-22-16 Duck Quidi Vidi Sept. 2022 F    1 1 1        Non-ESBL 1

A0941 NL-22-09 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1 1  ESBL 1

A0497 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 D   1 1 1 1 1  1  1 1 1 ESBL 1

A0980 NL-22-11 Duck Quidi Vidi July 2022 B1    1 1 1 1    1   ESBL 1

A1110 NL-23-02 Duck Quidi Vidi Feb. 2023 B1 1   1 1 1 1    1   ESBL 1

A0474 NL-19-102 Gull Robin Hood Bay Landfill Nov. 2019 C  1 1 1 1 1 1 1   1   ESBL 1

A0871 NL-22-04 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1 1 1 ESBL 1

A0943 NL-22-09 Duck Bowring Park July 2022 A  1  1 1 1 1 1   1   ESBL 1

A0901 NL-22-07 Duck Bowring Park July 2022 D   1 1 1 1 1  1     ESBL 1

A0490 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2    1 1 1 1  1 1    ESBL 1

A0869 NL-22-04 Duck Bowring Park July 2022 B1    1 1 1 1       Non-ESBL 1

A0888 NL-22-06 Duck Bowring Park July 2022 B1   1 1 1 1 1    1   Susceptible 1

A0790 NL-22-02 Duck Bowring Park July 2022 B1    1 1 1 1       ESBL 1

A0791 NL-22-02 Duck Bowring Park July 2022 B1    1 1 1        Non-ESBL 1

A0489 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2    1 1 1 1  1     Non-ESBL 1

A0496 NL-19-108 Gull Robin Hood Bay Landfill Jan. 2020 B2   1 1 1 1 1  1     ESBL 1

We processed 138 swabs and learned that significant and visible fecal
material is needed, and successfully cultured E. coli from 86 birds (62%).
840 strains were isolated, and after analysis of potential clonal strains,
we were left with 310 unique strains.

We found an incredible diversity among our E. coli collection, with some
sharing as little as ~5% similarity by MLVA.

Ducks carried more unique strains, while gulls had less, and seabirds
carried usually just a few.

Antimicrobial resistance (AMR) is an ever-present and growing problem in the
treatment of infectious diseases, with infections caused by drug-resistant microbes
projected to kill 10 million people per year by 2050. 1

There has been little previous research on AMR in wild birds, starting roughly 15 years
ago, with most of these being small in scale dealing with only a few locations or one or
a few species. Of these, only a handful of studies have looked into AMR bacteria
carried by ducks and seabirds.

An increasing number of studies have identified wild birds, particularly gulls, as serving
as important vectors by which AMR bacteria are spread, including on global scales 2, 3, 4,
highlighting their important role in the One Health framework.

There has been no previous research on AMR bacteria found in wild birds in Eastern
Canada, and minimal along Eastern North America. As Newfoundland, Canada is
frequently visited by a wide range of duck, gull, and seabird species and is connected
with several global migratory routes, it is the perfect place to perform this work.

Thank you to all ECCC Research Scientists, staff, volunteers, and all members of the MUN Seabird Research 
Group that assisted with sampling over the course of this project, which without their tremendous help this 

project would not have been possible.
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FIGURE 1 |Wild birds found
in Newfoundland travel
from a variety of places
around the Atlantic Ocean.
Ducks, gulls, and seabirds
found here visit from
elsewhere in North
America, the Arctic, Europe,
and Africa at various times
of the year.

Gulls SeabirdsDucks

Some interesting patterns can be observed among cephalosporin-resistant strains:

• Multiple unique strains were found in the same individual.
• Very similar strains, but different phenotypic resistance.
• Very similar strains in different ducks from the same time and place, but differed in phenotypic

resistance and ARGs.
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FIGURE 3 | (A) Number and species of
ducks, gulls, and seabirds from which E.
coli were obtained. E. coli were isolated
from each species with differing success.
(B) Rates of antimicrobial resistance
among all 310 strains; antimicrobials are
ordered by drug class and generation.
Resistance was generally low, being
highest to tetracycline and amoxicillin
across all bird types. (C) Phylogroup
distribution of strains from each bird type.
Although there is some variation,
phylogroup distribution is similar for each
group.
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We isolated multiple unique strains from the same
individual, therefore the bird microbiome is not clonally
dominant. For example a female MALL from Bowring Park
in August 2022 carried 11 unique E. coli strains. She was
also co-infected with H9NX avian influenza.
We observed no major division by bird type/species or by year,
indicating that the E. coli communities and sources of infection are
diverse and varied.

From the resistance phenotypes and the mobile resistance genes
identified, horizontal gene transfer is likely contributing to the patterns
observed.
Only 5.5% of strains were resistant to a cephalosporin (17 of 310),
however despite this, they were still very genotypically diverse.

We identified AMR E. coli in several Atlantic puffin chicks
that had not yet left the burrow, indicating infection via
interaction with their parents, highlighting the complexity
of understanding infection dynamics.

blaCMY blaSHV blaTEM
blaCTX-M blaCTX-M


