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BACKGROUND

➢ Antibiotic resistance - biggest global threat to health 
and food (World Health Organization)

➢ ESBL- and carbapenemase-producing 
Enterobacterales – Priority Pathogen 1 
CRITICAL (WHO)

➢ Escherichia coli exists in the environment, foods, 
and as commensals and pathogens in mammals –
One Health

➢ Swimming in recreational freshwater containing E. 
coli has been linked to acquiring E. coli infections
(Soraas et al., 2013) and outbreaks (Graciaa et al., 
2018b; Vanden Esschert et al., 2020)

Objective: To determine anthropogenic impact on antibiotic resistance 
entering the environment and determine their potential health risks

One Health 

Skwor and Kralova, 2019; ASM Press



Antibiotic Resistance: Clinic through Wastewater

Resistance % (n)

Antibiotic UPEC (77) Hospital WW 

(37)

WW Influent 

(30)

WW Effluent 

(28)

WW POC 

Effluent (29)

CHL N.D 2.7 (1) 6.7 (2) 3.6 (1) 0

SXT 15.6 (12) 35.1 (13) 0 3.6 (1) 24.1 (7)

GEN 5.2 (4) 29.7 (11) 0 3.6 (1) 0

CIP 26.0 (20) 29.7 (11) 0 3.6 (1) 0

TET 18.2 (14) 32.4 (12) 13.3 (4) 17.9 (5) 13.8 (4)

CRO 3.9 (3) 24.3 (9) 0 3.6 (1) 3.4 (1)

CAZ 1.3 (1) 16.2 (6) 0 3.6 (1) 3.4 (1)

ETP 1.3 (1) 0 0 0 3.4 (1)

AMR 46.8 (36)a 37.8 (14) 13.3 (4) 21.4 (6) 27.6 (8)

MDR 6.5 (5) 29.7 (11)b 0.0 (0) 3.6 (1) 0.0 (0)

MAR Index 0.117 0.220b 0.029 0.050 0.059

What are the ARGs responsible for these phenotypes? 

Bojar et al., 2021; IJHEH, 238(113863)
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Presence of Clinical ARGs in Wastewater

• Clinically common sul1/sul2 
elevated among POC

• CTX-M-1 subgroup common 
in hospital WW

• blaTEM and tetE only evident in 
clinical strains 

• Int1 strains common in 
clinical strains and evident in 
POC

Let’s take a deeper look into ESBL-producing strains
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ESBL-Prevalence among Various Sources

• Cefotaxime-resistant populations 

Liedhegner et al.; 2022, Antibiotics, 11(2): 260-277

What is the correlation of ESBL with resistant phenotypes? 



ESBL Correlation with Resistance Phenotypes

Liedhegner et al.; 2022, Antibiotics, 11(2): 260-277

Are these ESBLs plasmid-mediated? 



Plasmid-mediated Resistance

Bojar et al., 2021; IJHEH, 238(113863)

What ARGs are responsible for these 

phenotypes? 

Liedhegner et al.; 2022, Antibiotics, 11(2): 260-277



WGS of Hospital WW 
Isolate 1000C-3

Liedhegner et al.; 2022, Antibiotics, 11(2): 260-277

Are wastewater populations similar to clinical strains? 



Phylotyping of Escherichia coli 

➢UPEC predominately B2

➢Hospital WW most phylotype A

➢Elevated B2 in POC compared
to WW effluent

What phylotypes are most resistant? 
Bojar et al., 2021; IJHEH, 238(113863)



Phylogroups and Antibiotic Resistance

• Phylogroup D exhibits 
the highest AMR 
prevalence

• Highest MAR index –
Phylotype A

Bojar et al., 2021; IJHEH, 238(113863)

Are WW effluents 

potentially pathogenic? 



Potential pathogens among ESBL-producers

Liedhegner et al.; 2022, Antibiotics, 11(2): 260-277

Does Hospital WW populations survive WW treatment? 



Hospital WW composition in WW effluents

➢ Hospital WW is more resilient to wastewater treatment processes => enters into recipient 

environmental sources?

Beattie et al., 2020; Science of the Total Environment 740:140186



Who are the cefotaxime-
and meropenem-resistant 

bacterial populations 
entering the environment 

from wastewater? 



Cefotaxime and Meropenem-resistant populations

• Plate POC filters on antibiotic 
containing TSA plates

• 16h after incubation => isolate DNA 
and perform 16S library

➢Aeromonas and Acinetobacter 
species predominate among 
cefotaxime-resistant post-
chlorinated effluents

Beattie et al., 2020; Science of the Total 

Environment 740:140186



Conclusions

➢Clinical E. coli populations exhibit higher AMR rates than urban WW 
populations 

➢Hospital WW are the most multi-drug resistant and comprised of 
phylotype A

➢Treated WW effluents are a rich source of antibiotic resistant 
potentially-pathogenic bacteria

➢Chlorination potentially kills weaker populations leaving more 
resistant ones
➢Supported by both culture and non-culture based techniques

➢Antimicrobial resistance is inversely correlated with country’s GNI
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