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What are the risks?

• Shellfish bioaccumulate AMR carrying organisms
• Re-introduction on AMR into the food chain

SHELLFISH
• Infections, skin rashes, wound infections & sepsis
• Exposure to AMR genes, which can increase the risk of 

developing or spreading AMR

BATHING WATERS



Ysbyty Gwynedd wastewater
Bangor Treborth influent
Bangor Treborth effluent
Ysbyty Glan Clwyd wastewater
Kinmel Bay influent
Kinmel Bay effluent
Ysbyty Maelor wastewater
Wrexham Five Fords influent
Wrexham Five Fords effluent

SAMPLING LOCATIONS
Hospital
WwTW
WwTW
Hospital
WwTW
WwTW
Hospital
WwTW
WwTW



Prevalence and diversity of antibiotic resistance genes (ARGs)
in hospital and WWTP wastewater

Boxplots showing (A) total AMR Reads Per Kilobase per Million mapped 
reads (RPKM) per sample, and (B) resistome diversity (Shannon index) 
stratified by sample (hospitals, WWTP inlet, and outlet). 

• Higher abundance and diversity of 
antibiotic resistance genes (ARGs) 
detected in hospital wastewater 
compared to WWTPs

• Still a baseload of ARGs released 
through treated effluents into 
receiving waterbodies
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Relative abundance of AMR genes per antibiotic class

• ARGs encoding resistance towards 
MLS (macrolides-lincosamide-
streptogramin), β-lactams, 
aminoglycosides, and tetracyclines 
dominated across all the samples 
throughout the study period

• Glycopeptide ARGs mainly confined 
to hospitals

• The relative proportion varied 
according to sample type and sites

Bangor                                     Rhyl                                   Wrexham 
WWTP              Hospital WWTP              Hospital WWTP              Hospital



Predicting potential bacterial hosts carrying AMR genes

Many pathogenic bacteria such as Klebsiella, 
Enterococcus, Mycobacterium, and Streptococcus, 
showed a very strong correlation (Spearman’s r > 0.8) 
with clinically relevant ARGs 



Can we use this to inform decision making in 
healthcare settings?

• Promoting engagement with clinical infection 
teams (dashboarding and data systems)

• Timeliness (early warning)
• Economic benefits
• Health outcome benefits



• Antibiotic and viral loads very high in 
hospital wastewater

• Sewer pipes = AMR evolution 
hotspots

• Vancomycin load (glycopeptide) very 
high in Glan Clwyd

Antibiotic loads in wastewater



AMR in the seawater and sediments around 
sewage outfalls

S  W   S W   S  W   S  W S  W   S W   S  W   S  W

Conwy                               Kinmel Bay

R
el

at
iv

e 
ab

u
n

d
an

ce
 o

f 
A

R
G

s 
(A

R
G

 c
o

p
y/

1
6

S 
rR

N
A

 g
en

e)

6

4

2

0



Models to predict AMR dispersal in the coastal environment 
environment



AMR accumulation in shellfish near sewage outfalls

Oyster
(before)

Oyster
(after)

Mussels
(before)

Mussels
(after)

Oysters                                       Mussels



Going full circle – back to the hospital 



Can we use this to inform decision making in 
environmental settings?

• How do we easily bring these datasets together?
• Effective communication & behaviour change? 
• Real-time water quality alerting?
• Infrastructure improvements?
• Economic benefits?
• Health benefits?
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Certain ARGs like MLSB (msrE, mefA) and 
multi-drug resistance (qacF/H, tcrB) 
persisted longer in coastal water than 
others 

Persistence/decay of ARGs in coastal waters
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