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“One Health” and environmental dimensions of antimicrobial resistance (AMR)



Wastewater Reuse in Agriculture: a growing phenomenon

Courtesy of Prof. Beni 
Chefetz

Over 500 MCM* of sewage is produced 
in Israel every year, of which ~93% is 
treated in sewage treatment plants. 
Some 87% is reused for irrigation in 
agriculture. 

The scope of agricultural lands irrigated 
with reclaimed wastewater in Israel is 
estimated at some 1.3 million dunams 
(130,000 hectares). 

Water Authority, "Reclamation of Wastewater and Low-Quality Water," accessed 15 January 2018

United Nations World Water Assessment Programme (WWAP), UN-Water, 
March 2012.

Water scarcity and increasing demand for food has resulted in global expansion of wastewater reuse for irrigation. In 

many regions irrigation water is untreated sewage….



❖ Alternative water sources for irrigation 
have become a global necessity due to 
reduced precipitation, warmer climates, 
and growing food demand.

❖ Irrigation using marginal water sources 
can contaminate food with pathogenic 
microorganisms, such as parasites, 
viruses, and bacteria- including strains that 
are highly resistant to antibiotics.

Treated wastewater (TWW) irrigation: Blessing  or curse?

The opposite of a fact is falsehood, but 
the opposite of one profound truth may 
very well be another profound truth. 
(Niels Bohr)



We need to balance the two!
The Solution: Research 🡪 Technology & Regulation

TWW irrigation: Blessing  or curse?



Microbial criteria for wastewater 
reuse



qPCR
Quantitative evaluation of specific Bacteria/ARGs

Metagenomics
Next-gen sequencing of DNA directly 
extracted from environmental samples 
(microbiome/resistome)

But how do we monitor AMR in wastewater and irrigated crops?

❖ What indicators do we monitor?
❖ What are the epidemiological cutoffs?

Culturomics

 Selective media targeting total and 
antibiotic resistant coliforms/E. coli)

WHO integrated global surveillance on 
ESBL-producing E. coli using a “One 
Health” approach



Escherichia coli

בודד בארצות הברית.

 :S-W-1-32  תבדיד :T-S-2-68 תבדיד

Escherichia coli sp. S-W-1-32 

Assembly of hybrid Illumina/Oxford Nanopore whole genome sequencing
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ESBL MDR E. coli are abundant inWWTP effluents
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Marano et al., 2021, Environmental Science and Technology

“UNDER THE RADAR”
not detected does not mean not present!

Persistence of MDR E. coli in soil



� Samples enriched for 16 hrs in BHI media under aerobic & anoxic conditions
� Bacteria = total and cefotaxime resistant E. coli/other fecal coliforms

Enrichment platform to detect “UNDER THE RADAR” microbiomes and 
resistomes that potentially proliferate under “gut-like conditions



Gut-like enrichment facilitates the detection of clinically relevant pathogens

Shotgun-metagenomic data



Davidovitch et al., ISME J. 

Gut-like enrichment selects for clinically relevant ARGs in 
“anthropogenically-impacted” samples

Differentially abundant ARGs extrapolated from 
shotgun metagenomes of enriched samples 
(DESeq2 log2FoldChange > 1, adjusted P value 
< 0.01) in enriched rhizosphere and 
phyllosphere samples
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Microbiome and resistome dynamics

Ecosystem Resilience !

Persistence of sewage-derived pathogens in soil

❖ Sewage added to soil till maximum water holding capacity, and 
subsequently soil was kept at constant humidity at 30°C



Persistence of sewage-derived bacteria in soil
Sewage added



❖ By combining empirical studies, risk assessment tools and ecological models we can devise irrigation 
regimes that take advantage of soil resilience to reduce pathogen contamination of irrigated produce, 
even when low quality water is used!

Conclusions

Under the radar pathogens: Enrichment 
can expose viable pathogen and AMR 
indicators in anthropogenically impacted 
soil and crops that are not detected in direct 
analyses 

Ecological barriers: TWW-derived 
ARB and ARGs dissipate in 
irrigated soils and produce due to 
the resilience of the soil 
microbiome



Hong et. al., 2018

Integration of empirical data from enrichment-based/HGT studies in quantitative microbial risk 
assessment (QMRA) models to assess risks of AMR and pathogens in TWW-irrigated produce

Future directions
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