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• Groundwater is used as a drinking water resource for approx. 2.2 billion people globally, and 750,000 people in 
Ireland.

• Groundwater extraction is largely unregulated at the household level (and so, often untreated)

• Groundwater supplies can be highly vulnerable to contamination with pathogenic microorganisms (source-
pathway-receptor) and subsequently, antimicrobial resistant organisms. 

WHY GROUNDWATER?



GLOBAL 
PERSPECTIVE 



GLOBAL REVIEW OF AMR IN GROUNDWATER 



• 70 included studies from all 

continents and climate regions, 

published as early as 1976.

Main findings:

• Where bacteria were present in 

groundwater, an average of 80% 

were resistant and 57% were 

multidrug-resistant.
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IRISH 
PERSPECTIVE 



STUDY ONE: IRISH CASE 
STUDY (MID-WEST REGION)

• Sampled 132 domestic private wells in the Midwest 
region of Ireland for the presence of E. coli (O’Dwyer et 
al. 2014)

• In total, 42 isolates were collected and these were 
subjected to antimicrobial susceptibility testing using 
the Disk Diffusion Method (CLSI 2013, EUCAST 2016). 

• Human panel (n = 13)

• Veterinary panel (n = 8)

• Using geo-referencing and statistical analysis (univariate 
and multivariate logistic regression) we investigated 
predictors of resistance. 



RESULTS-
GENERAL 
FINDINGS  

HUMAN PANEL OF ANTIBIOTICS

• 9 (21.4%) E. coli isolates demonstrated some level of
resistance to >1 human antibiotic.

• Highest levels of resistance were associated with the
penicillins, the fluoroquinolones and cephalosporins.

• Levels of resistance to the 4th generation antibiotic
tircacillin/clavulanic-acid (14.3%).

VETERINARY PANEL OF ANTIBIOTICS

• All isolates presented resistance to at least one antibiotic.

• Particularly high levels of resistance (93%) occurred 
within the aminoglycoside class (Neomycin and 
Streptomycin).

• Tetracycline and fluoroquinolones resistance was also 
prevalent in E. coli isolates (19.1%, 21.4%).



Case Type Resistance n Mean Septic 

Tank/ED1

Mean Cattle/ED1 Children 

Under 52

Adults over 

652

Mean 

Household 

Size

Antibiotic 

Resistance

Yes

No

Sig.

9

33

-

223.00

135.76

p = 0.010

2643.33

3622.1

p= 0.181

7

2

p= 0.022

1

7

p = 0.662

4

3.64

p = 0.450

Multi 

Antibiotic

Resistance

Yes

No

Sig.

7

35

-

250.86

135.17

p = 0.002

3538.31

2783.14

p = 0.407

11

7

p <0.001

1

7

p = 0.598

4.57

3.54

p = 0.073

Support for findings:
Septic Tank Density: corroborates previous studies showing resistance bacteria in the environment are  a direct result 
of  waste water treatment (Sapkota et al. 2007; Watkinson et al. 2007; Michael et al. 2013), and poorly functioning 
septic tank systems (Biswal, Mazza et al. 2014).

Children < 5: A recent longitudinal study undertaken in Ireland reports that 18.4% of children aged ≤3 years were 
prescribed ≥3 courses of antibiotics in the previous 12 months, with two-thirds (66%) of three-year-olds having 
received at least one course of antibiotics during the previous 12 months (Williams et al. 2013). 

HUMAN ANTIBIOTIC PANEL 



MAR Resistance n Mean Septic 

Tank density1

Cattle density1 Children Under 

52

Adults over 652 Mean People in 

Household1

Yes

No

Sig.

31

11

-

157.87

144.82

p = 0.315

3861.71

1858.36

p = 0.001

11

7

p = 0.443

1

7

p = 0.463

3.65

3.91

p = 0.073

Support for findings:

• High levels of resistance to aminoglycoside antibiotics in E. coli isolates have been reported in food-
producing animals (cattle, sheep, and pigs) in Europe (Bywater et al. 2004, Hendriksen et al. 2008). 

• Tetracycline is used as a therapeutic agent in animal feeds since its approval in 1948; EU ban on use of all 
antibiotics as growth promoters- 2006.

• Tetracycline is commonly prescribed for veterinary use in Ireland; accounting for 41% of all antibiotics
sold in Ireland for veterinary use in 2020 (HPRA, 2020).

VETERINARY ANTIBIOTIC PANEL 



STATISTICAL 
MODELLING 

• Resistance of E. coli to human antibiotics is 1.01 times 
more likely for every increase of 1 septic tank in an area 
(ED).

• Resistance of E. coli to human antibiotics is 11.7 times 
more likely if there is a child less than 5 in the 
household.

• Multiple resistance to E. coli is 1.001 times more likely 
for every increase of 1 cow in an area (ED).

Model Predictor B P OR 95% CI

Human Panel (AR)

Veterinary Panel (MAR) 

DWWTS density,

Persons < 5

Cattle density

0.009

2.457

0.001

0.049

0.034

0.011

1.009

11.667

1.001

1.001-1.012

6.231-48.258

1.001-1.003



STUDY TWO: NATIONAL 
PERSPECTIVE 

• 132 groundwater supplies were identified, 
mapped, sampled, surveyed and tested for 
presence of Escherichia coli and Pseudomonas 
aeruginosa (Sep-Nov 2019) twice (2019 and 
2021)

• Antimonial susceptibility testing was carried 
out on all isolates

• All isolates sequenced

• Trace metal analysis undertaken 





• 68.2% (90/132) of water 
supplies were 
contaminated with E. coli 
at least once in the 10-
year study period

• 13.5% (n = 515/3,811) of 
water samples tested 
positive for E. coli

NATIONAL MONITORING 
NETWORK



TAKE HOME MESSAGES 

• Groundwater contamination in Ireland is a real and persistent threat to public health

• Aside from the general risk of infectious disease, the risk of exposure to AMR bacteria is 
becoming increasingly apparent

• Considering the reliance on groundwater (nationally and globally) coupled with the fact it is 
often untreated, safeguarding private well users should be an area of national importance

• More research needs to be undertaken to understand transport mechanisms, legacy times 
and sources and fate of antimicrobial residues in groundwater

• Pragmatically, private well owners need more (a) education and (b) support, to protect  
their health
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