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1. Introduction 

In recognition of the growing problem of antimicrobial resistance (AMR), its increasing threat to human, 
animal and plant health, and the need for a One Health approach to address this issue, the 39th Session 
of the Codex Alimentarius Commission (CAC) agreed it was important for the food safety community to 
play its part and re-established the ad hoc Codex Intergovernmental Task Force on Antimicrobial 
Resistance (TFAMR)1 with the objectives of the Task Force revising the current Codex Code of Practice to 
Minimise and Contain Antimicrobial Resistance (CAC/RCP 61-2005)2 and to developing new guidance on 
surveillance programmes relevant to foodborne AMR. 

Responding to the request from the CAC and the Task Force to provide scientific advice in the areas of 
crops, environment and biocides,3 the Food and Agriculture Organization of the United Nations (FAO) 
and the World Health Organization (WHO) convened, in collaboration with the World Organisation for 
Animal Health (OIE), a joint “FAO/WHO expert meeting on foodborne antimicrobial resistance: role of 
environment, crops and biocides” on 11-15 June 2018 in Rome, Italy. The list of participants is given in 
Annex 1.  

The primary purpose of the meeting was to synthesize the current scientific literature concerning the 
transmission of antimicrobial-resistant bacteria, antimicrobial residues and antimicrobial resistance 
genes (ARGs) from environmental sources (e.g. contaminated water, soil, manure or human wastes, 
fertilizers, processing and transportation facilities) to foods and feeds of plant and aquatic animal origin. 
As a secondary goal, given the widespread and frequent use of disinfectants in food processing plant 
sanitation, the potential of biocides to co-select for AMR and ARGs was also reviewed. Non-food crops 
(e.g. cotton, flower bulbs) were excluded from this scope.  

                                                           
1 REP16/CAC 
2 CAC/RCP 61-2005 
3 REP18/AMR 

http://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FMeetings%252FCX-701-39%252FREPORT%252FREP16_CACe.pdf
http://www.google.it/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiMt4apvpHaAhVBuRQKHYeyBBkQFggsMAA&url=http%3A%2F%2Fwww.fao.org%2Finput%2Fdownload%2Fstandards%2F10213%2FCXP_061e.pdf&usg=AOvVaw0AZhhEFAnWu-pyAwyTGql-
http://www.fao.org/fao-who-codexalimentarius/sh-proxy/zh/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FMeetings%252FCX-804-05%252FREPORT%252FFINAL%252FREP18_AMRe.pdf
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The meeting therefore addressed the following priority areas: the prevalence of antimicrobial-resistant 
bacteria and ARGs of fruit and vegetables (Section 2.1); antimicrobial residues, antimicrobial-resistant 
bacteria and ARGs in the immediate food production environment, namely in soils, irrigation water, and 
aquaculture (Section 2.2); use of biocides in the food processing environment (Section 2.3); evidence 
implicating the use of frequently approved antimicrobials and copper in horticulture production and the 
subsequent occurrence of antimicrobial-resistant bacteria and ARGs in food (Section 2.4); and crops, 
aquaculture products, and their production environments in integrated surveillance of AMR (Section 
2.5).  

This summary report is a concise outline of the key discussion and conclusions reached at the meeting, 
and is meant to inform on-going Codex process in a timely manner. The content in this document is 
subject to modification in style and substance in the final report, which will have a formal status and will 
be published in future.  
 
2. Summary of the Assessment of the Scientific Evidence 

2.1. Contamination of crops with antimicrobial-resistant bacteria 

Contaminated foods of plant origin (e.g. fruits, vegetables, grains) with micro-organisms are responsible 
for foodborne illnesses worldwide, including outbreaks of disease caused by antimicrobial-resistant 
bacteria. In addition to AMR pathogens, produce at retail can also be contaminated with other bacteria 
that are resistant to medically important antimicrobials. A scoping review of the literature identified 
antimicrobial-resistant bacteria on a wide range of plant origin foods recovered from all regions of the 
world. In those studies, approximately 25% of products were contaminated with bacteria resistant to 
one or more antimicrobial agents. Because fruits and vegetables are frequently eaten raw or with 
minimal processing, fresh produce may serve as a source of dietary exposure to antimicrobial-resistant 
bacteria and ARGs. Collectively, reports indicate that foods of plant origin play a role in the foodborne 
transmission of antimicrobial-resistant bacteria (Bezanson et al., 2008; Boehme et al., 2004; Hassan et 
al., 2011; Raphael et al., 2011; Rodríguez et al., 2006; Ruimy et al., 2010; Schwaiger et al., 2011; Walia et 
al., 2013). Reducing the contamination of foods and feeds of plant origin with antimicrobial-resistant 
bacteria will reduce human and animal exposure to antimicrobial-resistant bacteria and ARGs. 

2.2 Antimicrobial-resistant bacteria and ARGs in the immediate plant production environment  

Fruits, vegetables and other foods of plant origin can become contaminated with antimicrobial-resistant 
bacteria and ARGs anywhere along the food chain, from primary production to consumption. 
Conventionally and organically grown vegetables to be consumed raw may be vehicles of dissemination 
of antimicrobial-resistant bacteria and their resistance genes to humans (van Hoek et al., 2015). 
Important sources of microbial contamination in the pre-harvest environment include soil, organic 
fertilisers and irrigation water. 
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2.2.1 Soil 

Use of antimicrobials in humans and animals selects for antimicrobial-resistant bacteria in faeces. 
Depending upon the species of animal and the particular drugs given, a considerable fraction (>80%) of 
the antimicrobial administered (as well as copper and zinc from the diet) is excreted in the faeces and 
urine in an active form. Thus, manure or other organic material that contains human or animal wastes 
used as soil amendments, as practiced worldwide, have the potential to disseminate both residues of 
antimicrobial agents and antimicrobial-resistant bacteria to the environment (Jechalke et al., 2013; 
Marti et al., 2013; Marti et al., 2014; Muurinen et al., 2017; Pourcher et al., 2014; Rahube et al., 2014; 
Zhou et al., 2017; Joy et al., 2013; Xie et al, 2018). Vegetables harvested from manured ground can carry 
an additional burden of ARGs of enteric bacterial origin.  

The fate of these antimicrobial-resistant bacteria, ARGs and antimicrobial residues following application 
of soil amendments will vary with environmental conditions: For example the selective properties of the 
antimicrobial residues can last for weeks to months, and possibly more than a single growing season in 
humid-temperate regions (Marti et al., 2014; Chen et al., 2018). There is also evidence that bacteria 
carrying ARGs may not only survive, but increase during the storage of sludge, biosolids and manure 
(Miller et al., 2014; Muurinen et al., 2017). A greater understanding of the persistence dynamics of 
antimicrobial-resistant bacteria, antimicrobial residues, ARGs and the potential for exchange of ARGs in 
human and animal wastes and wastewater, and how these factors vary with treatment, will allow for the 
more precise assessment of risks associated with environmental sources of food contamination. 

2.2.2 Irrigation water 

Water can also be an important source of antimicrobial residues, antimicrobial-resistant bacteria and 
ARGs. There is a direct link between water quality used for irrigation and antimicrobial-resistant bacteria 
on foods. Wastewater effluent recovered from municipal sewage may contain ARGs and antimicrobial-
resistant bacteria (Berendonk et al., 2015; Christou et al., 2017; Karkman et al., 2018; LaPara et al., 2011). 
Consequently, soils irrigated with wastewater can also become contaminated with ARGs (Pan and Chu, 
2018) and with multidrug antimicrobial-resistant bacteria (Palacios et al., 2017). Comparison of fresh 
produce and its agricultural environment indicated that the Enterobacteriaceae population on fresh 
produce is a reflection of that present in the soil in which it was grown (Blaak et al., 2014). A high degree 
of genetic relatedness between Escherichia coli from irrigation water and irrigated lettuce indicated a 
possible common ancestry and pathway of transmission (Aijuka et al., 2015; Njage and Buys, 2015). Water 
found adjacent to manured fields may also be enriched in antimicrobial-resistant bacteria (Coleman et al., 
2013; Pruden et al., 2006; Tang et al., 2015). 

2.2.3 Aquaculture 

Aquaculture products (e.g. fish, shellfish, and shrimp) at retail can carry bacteria that are resistant to 
medically important antimicrobials (Elbashir et al., 2018; Done et al, 2015). Data indicate that aquaculture 
primary food production systems that receive antimicrobials, or that are exposed to effluents containing 
antimicrobial residues and/or faecal material of human or animal origin, can become enriched in 
antimicrobial-resistant bacteria (Novais et al., 2018). Additionally, aquaculture production has the 
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potential to contaminate water used for irrigation (Done et al, 2015). Using water contaminated with this 
effluent for irrigation purposes provides a direct route of contamination of fruits and vegetables, if such 
water is applied directly to the edible portions of the plant (Muziasari et al., 2017; Tamminen et al., 2011; 
Watts et al., 2017; Cabello et al., 2013). Differences between aquaculture systems are remarkable among 
countries and may variably impact the risk of acquiring and disseminating AMR (FAO/WHO, 2003). 

2.3 Biocides in food production and AMR 

Chemical disinfectants are frequently used in the food production and processing environment and are 
critical for food hygiene and environmental sanitation. Bacteria with increased tolerance to biocides 
have been recovered from food production environments. Although there is theoretical and 
experimental evidence that certain microbiocidal agents may co-select for AMR, there is an absence of 
empirical data to indicate that the use of biocides drives this co-selection under the conditions present 
in the food production or processing environments (Hardy et al., 2018; Bas et al., 2017).  

2.4 Use of antimicrobials and copper in horticulture production  

Antimicrobials, including streptomycin, kasugamycin, oxytetracycline, and oxolinic acid are vital to treat 
and control plant diseases (de León et al., 2008; Stockwell and Duffy, 2012). Contamination of soils with 
these products following crop application leads to enrichment of antimicrobial-resistant bacteria and 
ARGs in the environment. However, the extent to which the treatment of crops with antimicrobial 
agents (or copper formulations, see below) promotes AMR in bacteria found on edible portions of fresh 
plant produce is uncertain.  

Of concern is the possibility of selection of antimicrobial-resistant bacteria and ARGs through the 
processes of co-resistance, cross-resistance and co-regulation with certain metal ions (Yu et al., 2017). 
Evidence indicates that contamination of soil with certain metal ions, such as copper ions, promotes 
AMR in soil bacteria. Not only are copper-containing products used to treat plant diseases, animal and 
human wastes often have residue levels of copper, zinc and other metals of dietary origin. Bacteria 
harbouring genes conferring resistance to certain metal ions (and in some cases to certain biocides) are 
more likely to also encode ARGs than those without such metal ion resistance traits (Pal et al., 2015). 
Bacteria resistant to both metal ions and antimicrobials are commonly present in diverse environments, 
with bacteria of plant origin having the highest relative abundance of co-resistance genes per genome, 
compared to bacteria from other sources such as domestic animals or wild animals and humans (Pal et 
al., 2015). 

2.5 Crops, aquaculture products, and their production environments in integrated surveillance of AMR  

Given the potential of human exposure to antimicrobial-resistant bacteria via food of plant origin 
(Sundin and Wang, 2018) and from aquaculture products (Elbashir et al., 2018; Done et al, 2015), there 
is considerable value in incorporating these products into integrated antimicrobial use (AMU) and AMR 
surveillance systems. In addition, including specimens collected from the immediate environment 
surrounding the edible products (soils where crops are grown, irrigation water, etc.) and aquaculture 
production sites should complement food surveillance systems. Surveillance programs should take into 
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account regional specificities and circumstances when selecting suitable fruit or vegetable products, fish 
and crustacean species and environmental samples for inclusion in such programs (Matheu et al., 2017; 
Dorado-Garcia et al., 2018). 

Although E. coli may serve as a suitable common indicator bacterium for antimicrobial-resistant bacteria 
in foods of animal origin, there is a need to identify additional robust indicators of antimicrobial-
resistant bacteria in food of plant origin and the immediate crop production environment. Likewise, 
there are no universally accepted bacterial indicators of AMR in aquatic products. AMR surveillance 
should use classic bacteriology and antimicrobial susceptibility testing based on epidemiological cut-off 
values (ECOFFs) (Valsesia et al, 2015). However, this could be expanded to include methods that require 
more advanced technical complexity and resource requirements, for example molecular methods for 
ARG analysis, and antimicrobial residue chemical analyses. Antimicrobial-resistant bacteria, ARGs and 
AMU surveillance in fruit and vegetable production systems should capture all important meta-data for 
the antimicrobials such as information from manufacturers, importers, vendors, where possible.  

3. Conclusions 

There is clear scientific evidence that foods of plant origin may serve as a vehicle of foodborne exposure 
to antimicrobial-resistant bacteria. As such, concerted efforts should be made to mitigate their 
contamination at all stages of the food chain, from production to consumption. To achieve this goal, 
good agricultural practices should be employed.  

• Best management practices should be adhered to with respect to the use of material of human 
(sewage sludge; biosolids) or animal origin (manures) in primary food production environments.  

• Improved methods for infection prevention and control such as husbandry, biosecurity, 
diagnostics, vaccines and other alternatives should be employed to reduce the need for 
antimicrobial use in aquaculture, and thereby reduce the antimicrobial contamination of the 
primary aquaculture production environment. 

• Biocides should be used according to manufacturers’ recommendations. 
• Antimicrobials should only be used in crop production according to label guidelines in the 

context of integrated pest management strategies.  

At a local, regional and global scale there is insufficient knowledge about the amounts and types of 
antimicrobials applied to crops and those used in terrestrial and aquaculture. Research is required to fill 
these gaps. The development and enforcement of suitable regulatory instruments may be helpful to 
address potential misuse of antimicrobials, such as their application to products in the post-harvest 
period.  

Surveillance of AMU and antimicrobial-resistant bacteria in food commodities can provide an 
assessment of the magnitude of the problem and a tool for measuring progress in mitigation. It is 
recommended that surveillance for AMR and AMU in primary food production environments be 
implemented in order to obtain additional data that is required for risk assessment and risk 
management. Terrestrial and aquatic primary food production system environments and products post-
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harvest should be considered for inclusion in integrated antimicrobial use and AMR surveillance 
programs foundational for containment of AMR.  

A greater understanding of the role of food production environments in the transmission of foodborne 
antimicrobial-resistant bacteria and ARGs, and the role of agricultural use of antimicrobials and potential 
co-selective agents (e.g. copper ions, and potentially other antimicrobials) will lead to the development 
of additional tools and strategies to reduce foodborne AMR. Generally, more education and training 
concerning AMU and AMR should be made available to all stakeholders involved with the use of 
antimicrobials in production of plant crops and aquaculture. To address upstream contamination of 
water and soils from human and animal faeces and AMR pre-existing in the environment, additional 
training and education on AMR and AMU in terrestrial and aquatic food production systems could also 
be beneficial.  

4. References 

Aijuka, M., Charimba, G., Hugo, C.J., & Buys, E.M. 2015. Characterization of bacterial pathogens in rural and urban 
irrigation water. Journal of Water Health, 13: 103-17. 

Bas, S., Kramer, M., Stopar, D. 2017. Biofilm surface density determines biocide effectiveness. Frotiers in 
Microbiology, 8: 2443. Doi: 10.3389/fmicb.2017.02443. 

Bezanson, G.S., MacInnis, R., Potter, G., & Hughes, T. 2008. Presence and potential for horizontal transfer of 
antibiotic resistance in oxidase-positive bacteria populating raw salad vegetables. International Journal of Food 
Microbiology, 127: 37-42. 

Berendonk, T.U., Manaia, C.M., Merlin, C., Fatta-Kassinos, D., Cytryn, E., Walsh, F., Bürgmann, H., Sørum, H., 
Norström, M., Pons, M.N., Kreuzinger, N., Huovinen, P., Stefani, S., Schwartz, T., Kisand, V., Baquero, F., & 
Martinez, J.L. 2015. Tackling antibiotic resistance: the environmental framework. Nature Reviews Microbiology, 13: 
310-317. 

Blaak, H., van Hoek, A.H., Veenman, C., Docters van Leeuwen, A.E., Lynch, G., van Overbeek, W.M., de Roda 
Husman, A.M. 2014. Extended spectrum ß-lactamase- and constitutively AmpC-producing Enterobacteriaceae on 
fresh produce and in the agricultural environment. International Journal of Food Microbiology, 168-169: 8-16. 

Boehme, S., Werner, G., Klare, I., Reissbrodt, R., & Witte, W. 2004. Occurrence of antibiotic-resistant 
enterobacteria in agricultural foodstuffs. Molecular Nutrition and Food Research, 48: 522-531. 

Cabello, F.C., Godfrey, H.P., Tomova, A., Ivanova, L., Dölz, H., Millanao, A., & Buschmann, A.H. 2013. Antimicrobial 
use in aquaculture re-examined: its relevance to antimicrobial resistance and to animal and human health. 
Environmental Microbiology, 15(7): 1917-1942. 

Chen, C., Ray, P., Knowlton, K. F., Pruden, A., & Xia, K. 2018. Effect of composting and soil type on dissipation of 
veterinary antibiotics in land-applied manures. Chemosphere, 196, 270-279. 

Christou, A., Agüera, A., Bayona, J.M., Cytryn, E., Fotopoulos, V., Lambropoulou, D., Manaia, C.M., Michael, C., 
Revitt, M., Schröder, P., & Fatta-Kassinos, D. 2017. The potential implications of reclaimed wastewater reuse for 
irrigation on the agricultural environment: The knowns and unknowns of the fate of antibiotics and antibiotic 
resistant bacteria and resistance genes – A review. Water Research,123: 448-467. 



Joint FAO/WHO Expert Meeting on Foodborne Antimicrobial Resistance: Role of the Environment, Crops and Biocides  7 
 

Coleman, B.L., Louie, M., Salvadori, M.I., McEwen, S.A., Neumann, N., Sibley, K., Irwin, R.J., Jamieson, F.B., 
Daignault, D., Majury, A., Braithwaite, S., Crago, B., & McGeer, A.J. 2013. Contamination of Canadian private 
drinking water sources with antimicrobial resistant Escherichia coli. Water Research,47: 3026-3036. 

de León, L., Siverio, F., López, M.M., & Rodríguez A. 2008. Comparative efficiency of chemical compounds for in 
vitro and in vivo activity against Clavibacter michiganensis subsp. michiganensis, the causal agent of tomato 
bacterial canker. Crop Protection, 27(9): 1277-1283. Doi: 10.1016/j.cropro.2008.04.004 

Done, H. Y., Venkatesan, A. K. & Halden, R. U. Does the recent growth of aquaculture create antibiotic resistance 
threats different from those associated with land animal production in agriculture? The AAPS Journal, 17: 513-524 

Dorado-García, A., Smid, J.H., van Pelt, W., Bonten, M.J.M., Fluit, A.C., van den Bunt, G., Wagenaar, J.A., Hordijk, J., 
Dierikx, C.M., Veldman, K.T., de Koeijer, A., Dohmen, W., Schmitt, H., Liakopoulos, A., Pacholewicz, E., Lam, 
T.J.G.M., Velthuis, A.G., Heuvelink, A., Gonggrijp, M.A., van Duijkeren, E., van Hoek, A.H.A.M., de Roda Husman, 
A.M., Blaak, H., Havelaar, A.H., Mevius, D.J., & Heederik, D.J.J. 2018. Molecular relatedness of ESBL/AmpC-
producing Escherichia coli from humans, animals, food and the environment: a pooled analysis. Journal of 
Antimicrobial Chemotherapy. 73(2):339-347. 

Elbashir, S., Parveen, S., Schwarz, J., Rippen,T., Jahncke, M., & DePaola, A. 2018. Seafood pathogens and 
information on antimicrobial resistance: A review. Food Microbiology, 70: 85-93. 

FAO/WHO. 2003. Code of practice for fish and fishery products. CAC/RCP 52-2003.  

Hardy, K., Sunnucks, K., Gil, H., Shabir, S., Trampari, E., Hawkey, P., & Webber, M. 2018. Increased usage of 
antiseptics is associated with eeduced susceptibility in clinical isolates of Staphylococcus aureus. mBio, 9(3): 
e00894-18. 

Hassan, S.A., Altalhi, A.D., Gherbawy, Y.A., & El-Deeb, B.A. 2011. Bacterial load of fresh vegetables and their 
resistance to the currently used antibiotics in Saudi Arabia. Foodborne Pathogens and Disease, 8: 1011-1018. 

Jechalke, S., Kopmann, C., Rosendahl, I., Groeneweg, J., Weichelt, V., Krögerrecklenfort, E., Brandes, N., Nordwig, 
M., Ding, G.C., Siemens, J., Heuer, H., & Smalla, K. 2013. Increased abundance and transferability of resistance 
genes after field application of manure from sulfadiazine-treated pigs. Applied and Environmental Microbiology, 
79: 1704-1711. 

Matheu, J., Aidara-Kane, A., & Andremont, A. 2017. The ESBL tricycle AMR surveillance project: a simple, one 
health approach to global surveillance. AMR Control.  

Karkman, A., Do, T.T., Walsh, F., & Virta, M.P.J. 2018. Antibiotic-resistance genes in waste water. Trends in 
Microbiology, 26: 220-228. 

LaPara, T.M., Burch, T.R., McNamara, P.J., Tan, D.T., Yan, M., & Eichmiller, J.J. 2011. Tertiary-treated municipal 
wastewater is a significant point-source of antibiotic resistance genes into Duluth-Superior Harbor. Environmental 
Science and Technology, 45: 9543-9549. 

Joy, S.R., Bartelt‐Hunt, S.L., Snow, D.D., Gilley, J.E., Woodbury, B.L., Parker, D., David B. Marx, D.B., & 
Li, X. 2013. Fate and transport of antimicrobials and antimicrobial resistance genes in soil and runoff 
following land application of swine manure slurry. Environmental Science and Technology, 47: 12081-
12088. 



Joint FAO/WHO Expert Meeting on Foodborne Antimicrobial Resistance: Role of the Environment, Crops and Biocides  8 
 

 

Marti, R., Scott, A., Tien, Y.C., Murray, R., Sabourin, L., Zhang, Y., & Topp, E. 2013. The impact of manure 
fertilization on the abundance of antibiotic-resistant bacteria and frequency of detection of antibiotic resistance 
genes in soil, and on vegetables at harvest. Applied and Environmental Microbiology, 79: 5701-5709. 

Marti, R., Tien, Y.C., Murray, R., Scott, A., Sabourin, L., & Topp, E. 2014. Safely coupling livestock and crop 
production systems: How rapidly do antibiotic resistance genes dissipate in soil following a commercial application 
of swine or dairy manure? Applied and Environmental Microbiology, 80: 3258-3265. 

Miller, J., Novak, J. , Knocke, W., & Pruden, A. 2014. Elevation of antibiotic resistance genes at cold temperatures: 
implications for winter storage of sludge and biosolids. Letters in Applied Microbiology, 59: 587-593. 

Muurinen J., Stedtfeld R.D., Karkman A., Pärnänen K., Tiedje J.M., & Virta M. 2017. Influence of manure application 
on the environmental resistome under finnish agricultural practice with restricted antibiotic use. Environmental 
Science & Technology 51: 5989-5999. 

Muziasari, W.I., Pitkänen, L.K., Sorum, H., Stedtfeld, R.D., Tiedje, J.M., & Virta, M. 2017. The Resistome of farmed 
fish feces contributes to the enrichment of antibiotic resistance genes in sediments below Baltic Sea fish farms. 
Frontiers in Microbiology, 7: 2137. 

Njage, P.M.K., & Buys, E.M. 2015. Pathogenic and commensal Escherichia coli from irrigation water show potential 
in transmission of extended spectrum and AmpC β-lactamases determinants to isolates from lettuce. Microbial 
Biotechnology, 8: 462-473. 

Novais, C., Campos, J., Freitas, A., Barros, M., Sileira, E., Coque, T., Antunes, P., & Peixe. 2018. Water supply and 
feed as sources of antimicrobial-resistant Enterococcus spp. in aquacultures of rainbow trout (Oncorhyncus 
mykiss), Portugal. Science of The Total Environment, 625: 1102-1112. 

Pal, C., Bengtsson-Palme, J., Kristiansson, E., & Larsson, D.G. 2015. Co-occurrence of resistance genes to antibiotics, 
biocides and metals reveals novel insights into their co-selection potential. BMC Genomics,16: 964. 

Palacios, O.A., Contreras, C.A., Muñoz-Castellanos, L.N., González-Rangel, M.O., Rubio-Arias, H., Palacios-Espinosa, 
A., & Nevárez-Moorillón V.G. 2017. Monitoring of indicator and multidrug resistant bacteria in agricultural soils 
under different irrigation patterns. Agricultural Water Management, 184: 19-27. 

Pan, M., & Chu, L.M. 2018. Occurrence of antibiotics and antibiotic resistance genes in soils from wastewater 
irrigation areas in the Pearl River Delta region, southern China. Science of The Total Environment, 624: 145-152. 

Pourcher, A.M., Jadas-Hécart, A., Cotinet, P., Dabert, P., Ziebal, C., Le Roux, S., Moraru, R., Heddadj, D., & Kempf, I. 
2014. Effect of land application of manure from enrofloxacin-treated chickens on ciprofloxacin resistance of 
Enterobacteriaceae in soil. Science of The Total Environment, 482-483: 269-275. 

Pruden, A., Pei, R.T., Storteboom, H., & Carlson, K.H. 2006. Antibiotic resistance genes as emerging contaminants: 
Studies in northern Colorado. Environmental Science and Technology, 40: 7445-7450. 

Rahube, T.O., Marti, R., Scott, A., Tien, Y.C., Murray, R., Sabourin, L., Zhang, Y., Duenk, P., Lapen, D.R., & Topp, E. 
2014. Impact of fertilizing with raw or anaerobically digested sewage sludge on the abundance of antibiotic-
resistant coliforms, antibiotic resistance genes, and pathogenic bacteria in soil and on vegetables at harvest. 
Applied and Environmental Microbiology, 80: 6898-6907. 



Joint FAO/WHO Expert Meeting on Foodborne Antimicrobial Resistance: Role of the Environment, Crops and Biocides  9 
 

Raphael, E., Wong, L.K., & Riley, L.W. 2011. Extended-spectrum Beta-lactamase gene sequences in gram-negative 
saprophytes on retail organic and nonorganic spinach. Applied and Environmental Microbiology, 77: 1601-1607. 

Rodríguez, C., Lang, L., Wang, A., Altendorf, K., García, F., & Lipski, A. 2006. Lettuce for human consumption 
collected in Costa Rica contains complex communities of culturable oxytetracycline- and gentamicin-resistant 
bacteria. Applied and Environmental Microbiology, 72: 5870-5876. 

Ruimy, R., Brisabois, A., Bernede, C., Skurnik, D., Barnat, S., Arlet, G., Momcilovic, S., Elbaz, S., Moury, F., Vibet, 
M.A., Courvalin, P., Guillemot, D., & Andremont, A. 2010. Organic and conventional fruits and vegetables contain 
equivalent counts of Gram-negative bacteria expressing resistance to antibacterial agents. Environmental 
Microbiology, 12: 608-615. 

Schwaiger, K., Helmke, K., Hölzel, C.S., & Bauer, J. 2011. Antibiotic resistance in bacteria isolated from vegetables 
with regards to the marketing stage (farm vs. supermarket). International Journal of Food Microbiology, 148: 191-
196. 

Stockwell, V.O., & Duffy, B. 2012. Use of antibiotics in plant agriculture. Revue Scientifique Et Technique, 31(1): 
199-210. 

Sundin, G. W., & Wang, N. 2018. Antibiotic Resistance in Plant-Pathogenic Bacteria. Annual Review of 
Phytopathology, 56. 

Tamminen, M., Karkman, A., Lohmus, A., Muziasari, W. I., Takasu, H., Wada, S., Suzuki, S. & Virta, M. 2011. 
Tetracycline resistance genes persist at aquaculture farms in the absence of selection pressure. Environmental 
Science andTechnology. 45(2): 386–391. 

Tang, X., Lou, C., Wang, S., Lu, Y., Liu, M., Hashmi, M.Z., Liang, X., Li, Z., Liao, Y., Qin, W., Fan, F., Xu, J., & Brookes, 
P.C. 2015. Effects of long-term manure applications on the occurrence of antibiotics and antibiotic resistance genes 
(ARGs) in paddy soils: Evidence from four field experiments in south of China. Soil Biology and Biochemistry, 90: 
179-187. 

Valsesia, G., Hombach, M., Maurer, F.P., Courvalin, P., Roos, M., & Böttger, E.C. 2015. The resistant-population 
cutoff (RCOFF): a new concept for improved characterization of antimicrobial susceptibility patterns of non-wild-
type bacterial populations. Journal of Clinical Microbilogy, 53(6):1806-11.  

van Hoek, A.H., Veenman, C., van Overbeek, W.M., Lynch, G., de Roda Husman, A.M., & Blaak, H. 2015. Prevalence 
and characterization of ESBL- and AmpC-producing Enterobacteriaceae on retail vegetables. International Journal 
of Food Microbiology, 204: 1-8. 

Walia, S., Rana, S.W., Maue, D., Rana, J., Kumar, A., & Walia, S.K. 2013. Prevalence of multiple antibiotic-resistant 
Gram-negative bacteria on bagged, ready-to-eat baby spinach. International Journal of Environmental Health 
Research, 23: 108-118. 

Watts, J.E., Schreier, H.J., Lanska, L., & Hale, M.S. 2017. The rising tide of antimicrobial resistance in aquaculture: 
sources, sinks and solutions. Marine Drugs, 15(6): 158. 

Xie, W.Y., Shen, Q., & Zhao, F.J. 2018. Antibiotics and antibiotic resistance from animal manures to soil: a 
review. European Journal of Soil Science, 69(1): 181-195. 



Joint FAO/WHO Expert Meeting on Foodborne Antimicrobial Resistance: Role of the Environment, Crops and Biocides  10 
 

Yu, Z., Gunn, L., Wall, P., & Fanning, S. 2017. Antimicrobial resistance and its association with tolerance to heavy 
metals in agriculture production. Food Microbiology, 64: 23-32. 

Zhou, X., Qiao, M., Wang, F.H., & Zhu, Y.G. 2017. Use of commercial organic fertilizer increases the abundance of 
antibiotic resistance genes and antibiotics in soil. Environmental Science and Pollution Research, 24: 701-710. 



Joint FAO/WHO Expert Meeting on Foodborne Antimicrobial Resistance: Role of the Environment, Crops and Biocides  11 
 

Annex 1. List of Participants 

INVITED EXPERTS 
 
Dr Alexandra Adams  
Chair and Professor 
Aquatic Immunology and Diagnostics  
University of Stirling 
Stirling 
UK 
 
Dr Priyanie Amerasinghe 
Senior Researcher 
Human and Environmental Health 
International Water Management Institute 
Colombo 
Sri Lanka 
 
Dr John Paul Brooks 
Research Microbiologist 
Genetics and Sustainable Agriculture Research 
Agricultural Research Service 
United States Department of Agriculture 
Washington D.C. 
USA 
 
Dr Teresa M. Coque 
Instituto Ramón y Cajal de Investigación Sanitaria 
(IRYCIS) 
Hospital Universitario Ramón y Cajal 
Microbiology Department 
Madrid 
Spain 
 
Dr Seamus Fanning 
Professor 
UCD-Centre for Food Safety 
School of Public Health, Physiotherapy & Sports 
Science 
University College Dublin 
Belfield 
Ireland 
 
Dr Ana Maria de Roda Husman 
Environment at Laboratory for Zoonoses and 
Environmental Microbiology 
National Institute for Public Health and the 
Environment (RIVM)  
Bilthoven 
The Netherlands 
 
 

 
Dr Saharuetai Jeamsripong  
Microbial Food Safety and Antimicrobial Resistance 
Department of Veterinary Public Health Faculty of 
Veterinary Science 
Chulalongkorn University 
Bangkok 
Thailand 
 
Dr David Jordan 
Principal Research Scientist  
New South Wales Department of Primary Industries  
Wollongbar 
Australia 
 
Mr Amit Khurana  
Director 
Food Safety and Toxins programme  
Centre for Science and Environment 
New Delhi 
India 
 
Dr Scott McEwen 
Professor 
Department of Population Medicine 
Ontario Veterinary College 
University of Guelph  
Guelph 
Canada 
 
Dr Johanna Muurinen 
Researcher 
Faculty of Agriculture and Forestry 
Department of Microbiology 
University of Helsinki 
Helsinki 
Finland 
 
Dr Irene Bueno Padilla 
PhD Candidate 
University of Minnesota 
Minneapolis 
USA 
 
Dr George Sundin 
Professor 
Department of Plant, Soil, and Microbial Sciences 
Michigan State University 
East Lansing 
USA 



Joint FAO/WHO Expert Meeting on Foodborne Antimicrobial Resistance: Role of the Environment, Crops and Biocides  12 
 

Dr Ed Topp (Chair) 
Principal Research Scientist 
Agriculture and Agrifood Canada/University of 
Western Ontario 
Ottawa 
Canada 
 
Dr Jaap Wagenaar 
Professor 
Department of Infectious Diseases and Immunology 
Faculty of Veterinary Medicine  
Utrecht University 
Utrecht 
The Netherlands 
 
Dr Fiona Walsh 
Lecturer 
Department of Biology 
Maynooth University 
Maynooth 
Ireland 
 
Dr Kassahun Asmare Wondim 
Professor, Deputy Regional Director 
Global One Health Initiative of the Ohio State 
University Eastern Africa Regional Office 
Addis Ababa 
Ethiopia 
 
Dr Likou Zou 
Professor 
College of Resource 
Sichuan Agricultural University 
Ya’an 
China  
 
JOINT SECRETARIAT 
 
Food and Agriculture Organization of the United 
Nations (FAO) 
 
Dr Alejandro Dorado-Garcia 
Food Safety and Antimicrobial Resistance Consultant 
Food Safety and Quality Unit 
FAO 
Rome 
Italy  
 
Dr Jeffrey Lejeune 
Food Safety and Antimicrobial Resistance Consultant  
Food Safety and Quality Unit 
FAO 
Rome  

Italy  
 
Dr Markus Lipp 
Senior Food Safety Officer 
Food Safety and Quality Unit 
FAO 
Rome 
Italy 
 
Dr Kang Zhou 
Associate Professional Officer 
Food Safety and Quality Unit 
FAO 
Rome 
Italy 
 
World Health Organization (WHO) 
 
Dr Amina Benyahia  
Scientist 
Department of Food Safety and Zoonoses  
WHO 
Geneva  
Switzerland 
 
Ms Yuki Minato  
Project officer  
Department of Food Safety and Zoonoses  
WHO 
Geneva 
Switzerland 
 
Dr Astrid Wester 
Medical officer 
Department of Public Health, Environment and 
Social Determinants 
WHO 
Geneva  
Switzerland  
 
COLLABORATING ORGANIZATION 
 
World Organisation for Animal Health (OIE)  
 
Dr Jorge Pinto Ferreira 
Chargé de mission 
Science and New Technologies Department  
OIE 
Paris 
France  
 
 
 



Joint FAO/WHO Expert Meeting on Foodborne Antimicrobial Resistance: Role of the Environment, Crops and Biocides  13 
 

Dr Margot Raicek 
Chargée de mission 
Science and New Technologies Department  
OIE 
Paris 
France  
 
RESOURCE PERSONS 
 
Dr Daniela Battaglia 
Animal Production Officer 
Animal Production and Health Division 
FAO 
Rome  
Italy  
 
Ms Gracia Brisco  
Food Standards Officer  
Joint FAO/WHO Food Standards Programme (Codex 
Secretariat) 
Rome  
Italy  
 
Dr Sarah Cahill 
Senior Food Standards Officer 
Joint FAO/WHO Food Standards Programme (Codex 
Secretariat) 
Rome 
Italy 
 
Ms Verna Carolissen-Mackay  
Food Standards Officer  
Joint FAO/WHO Food Standards Programme (Codex 
Secretariat) 
Rome 
Italy 
 
Ms Myoengsin Choi  
Food Standards Officer 
Joint FAO/WHO Food Standards Programme (Codex 
Secretariat) 
Rome  
Italy  

 
Dr Gunilla Eklund 
Animal Health Officer 
Animal Production and Health Division 
FAO 
Rome  
Italy  
 
Dr Hyo Sun Kwak  
Director  
Food Microbiology Division Food Safety Evaluation 
Department  
National Institute of Food and Drug Safety Evaluation  
Cheongju 
Republic of Korea  
 
Ms Rosa M. Peran i Sala  
Senior Advisor  
Department of International Affairs  
Ministry of Health, Welfare and Sport  
The Hague  
The Netherlands  
 
Dr Donald Prater  
Assitant Commissioner for Food Safety Integrastion  
Office of Foods and Veterinary Medicine  
United States Food and Drug Administraion  
Maryland 
USA 
 
Ms Saskia Reppin 
Associate Professional Officer 
Animal Production and Health Division 
FAO 
Rome  
Italy  
 
Dr Andrew Singer 
Senior Scientific Officer  
NERC Centre for Ecology & Hydrology  
Wallingford 
UK

 


	Role of environment, crops and biocides
	1. Introduction
	2.1. Contamination of crops with antimicrobial-resistant bacteria
	2.2 Antimicrobial-resistant bacteria and ARGs in the immediate plant production environment
	2.2.2 Irrigation water
	2.2.3 Aquaculture
	2.3 Biocides in food production and AMR
	2.4 Use of antimicrobials and copper in horticulture production
	2.5 Crops, aquaculture products, and their production environments in integrated surveillance of AMR
	Given the potential of human exposure to antimicrobial-resistant bacteria via food of plant origin (Sundin and Wang, 2018) and from aquaculture products (Elbashir et al., 2018; Done et al, 2015), there is considerable value in incorporating these prod...
	3. Conclusions
	4. References
	INVITED EXPERTS
	Dr Alexandra Adams
	Chair and Professor
	Dr Priyanie Amerasinghe
	Senior Researcher
	Dr John Paul Brooks
	Research Microbiologist
	Dr Teresa M. Coque
	Dr Seamus Fanning
	Professor
	Dr Ana Maria de Roda Husman
	Environment at Laboratory for Zoonoses and Environmental Microbiology
	Dr Saharuetai Jeamsripong
	Microbial Food Safety and Antimicrobial Resistance
	Department of Veterinary Public Health Faculty of Veterinary Science
	Dr David Jordan
	Principal Research Scientist
	Mr Amit Khurana
	Director
	Food Safety and Toxins programme
	Dr Scott McEwen
	Professor
	Dr Johanna Muurinen
	Researcher
	Dr Irene Bueno Padilla
	PhD Candidate
	Dr George Sundin
	Professor
	Dr Ed Topp (Chair)
	Principal Research Scientist
	Agriculture and Agrifood Canada/University of Western Ontario
	Dr Jaap Wagenaar
	Professor
	Dr Fiona Walsh
	Lecturer
	Dr Kassahun Asmare Wondim
	Professor, Deputy Regional Director
	Dr Likou Zou
	Professor
	JOINT SECRETARIAT
	Dr Alejandro Dorado-Garcia
	Food Safety and Antimicrobial Resistance Consultant
	Dr Jeffrey Lejeune
	Food Safety and Antimicrobial Resistance Consultant
	Dr Markus Lipp
	Senior Food Safety Officer
	Dr Kang Zhou
	Associate Professional Officer
	Dr Amina Benyahia
	Scientist
	Ms Yuki Minato
	Project officer
	Dr Astrid Wester
	Medical officer
	COLLABORATING ORGANIZATION
	Dr Jorge Pinto Ferreira
	Chargé de mission
	Dr Margot Raicek
	Chargée de mission
	RESOURCE PERSONS
	Dr Daniela Battaglia
	Animal Production Officer
	Ms Gracia Brisco
	Food Standards Officer
	Dr Sarah Cahill
	Senior Food Standards Officer
	Ms Verna Carolissen-Mackay
	Food Standards Officer
	Ms Myoengsin Choi
	Food Standards Officer
	Dr Gunilla Eklund
	Animal Health Officer
	Dr Hyo Sun Kwak
	Director
	Ms Rosa M. Peran i Sala
	Senior Advisor
	Dr Donald Prater
	Assitant Commissioner for Food Safety Integrastion
	Ms Saskia Reppin
	Associate Professional Officer
	Dr Andrew Singer
	Senior Scientific Officer

