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Basic facts and context

Antimicrobial resistance is a major threat that
medicine is now facing because bacteria have
developed a strong defensive response to the
increasing use of antibiotics. Bacteria have been
able (i) to transfer to pathogens resistance genes
naturally present in antibiotic producing organisms
and the environment, and (ii) to evolve pre-existing
enzymes to inhibit recently developed synthetic
antibiotics. Resistance affects all types of antibi-
otics. In contrast, innovation in antibiotic research
faded abruptly in the 1980s. Thus, we face situa-
tions in which bacteria resistant to most, if not all,
antibiotics can cause serious infections.

Early demonstrations
The relationship between antibiotic usage and bac-
terial resistance is supported by chronological,
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iological, and epidemiological long known evi-
ences. Commensal bacteria are first impacted
y antibiotics during treatments [1]. Susceptible
acteria are replaced by resistant ones which dis-
eminate to innate materials or other hosts and
ransfer resistance genes to pathogens.

Commensal resistant enteric bacteria can con-
aminate the food chain products during slaugh-
ering [2] just as salmonella, campylobacter,
isteria, or entero-haemorragic Escherichia coli.
lso, because manure is often dispersed on vegetal
ultures and crops, animal resistant bacteria can
each vegetarian food [3].

Meat and vegetables contain frequently signifi-
ant amounts of resistant bacteria. Our gut is likely
o be seeded daily with many new strains of resis-
ant bacteria. When volunteers eat only sterile
oods, their bowel flora rapidly changes so they
hen only carry low counts of resistant fecal E. coli
4].

Bacteria resistant to tetracycline rapidly
merged in chickens when they were feed with
hat drug, and these bacteria transmit from

hicken to chicken and to men [5]. Decades ago it
as already shown that when pigs were feed with a
ew antibiotic (streptotricin), bacteria containing
pecific resistance genes were readily isolated in
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ntimicrobial resistance in the food chain and the A

ll animals from the farm, then in the farmers,
nd in inhabitants of the village. Some women
iving nearby suffered from urinary tract infections
aused by strains carrying that specific resistance
ene [6].

However, doubts are still raised by some on the
ole of the food chain in resistance in human bacte-
ia. They argue that contributor to resistance in
umans is entirely the human use of antibiotics and
hat antibiotic use in animals and transmission of
esistant animal strains, or genes, through the food
hain could only be a marginal phenomenon, if ever
t occurs.

ecent evidences

ecently, evidences of impact of antimicrobial
se in food animals on human health have been
eviewed [7]. Genetic rearrangements in bacte-
ia are frequent with bacteria transferred between
nimals and humans. Thus, resistant bacteria and
enetic constructions are often different in the
onor animals and in the recipient humans. This
eads to the erroneous conclusion that no transfer
as occurred. In this field, ‘‘no proof of trans-
er’’ is not the same as ‘‘a proof of no transfer’’.
he debate relationship on the role of animal
ntibiotics to resistance in humans is protracted,
articularly in the United States, where action
ags far behind that of the European Union, where
he ‘‘precautionary principle,’’ is a guiding tenet
f public health, even though the Swann report
8] from the UK showed in the 1960s a clear
ink between antibiotic use in food animals and
uman disease and deaths and made many impor-
ant recommendation to curb antibiotic use in food
nimals. Things might however be changing [9].

Recent studies and evidence is best focussed on
i) frequency of enterobacteria producing extended
pectrum beta-lactamases (E-ESBL) or resistant to
uoroquinolones (both major threat for humans) in
ood chain animals (FCA), (ii) role of density of fecal
-ESBL in terms of risks, (iii) evidences for transfer
etween animals and humans, and (iv) characteris-
ics of organic FCA in terms of resistance.

esistant Escherichia coli in food chain
nimals

. coli causes not only very common community

nfections such as urinary tract infections (UTI),
ut yearly also millions of severe and life threat-
ning infections such as blood stream infections.
n Australia, fluoroquinolones have been used in
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eople for over 30 years but the use of fluoro-
uinolones is banned in food production animals.
evels of fluoroquinolone resistance in both com-
unity and healthcare acquired E. coli infections

re low (∼5%) in contrast to nearly all other
ountries where fluoroquinolone resistance rates
re often very much higher. This is despite the over-
ll use of antibiotics per capita being relatively high
n Australia [10]. Also, there is also almost no fluoro-
uinolone resistance in food-borne infections with
almonella and campylobacter acquired domesti-
ally. In Europe there is a clear association between
he levels of antibiotic resistant E. coli causing
lood stream infections in different countries and
he levels of resistance in poultry and pig E. coli
solates [11].

Colonization of food chain animals by E. coli-
SBL is quite high and increasing. In Switzerland in
011, it was of 15% in pigs, which is over that of
he local human population [12] and as high a 25%
n calves and 63% in chicken which might be in rela-
ion with specific usage of cephalosporins in these
nimals. The widespread practice of injecting 3rd
eneration cephalosporin (e.g. ceftiofur) into eggs
ust before they hatch appears to be the major con-
ributor to this problem [13]. In Germany, 38% of the
hicken were colonized with a variety of ESBL genes
nd retail chicken meat might be a reservoir for
trains or ESBL genes for humans [14]. In Spain the
revalence of E. coli-ESBL in poultry meat increased
rom 62.5% in 2007 to 93.3% in 2010. Consumption
f retail meat by women is associated with a three-
old risks that strain are resistant in case of UTI
15].

ensity of colonization

ensities of ESBL strains in the feces of colo-
ized animals can vary greatly by several orders
f magnitude some being categorized as high den-
ity shedders or super shedders [16]. In humans
igh densities of colonization is associated with
ncrease dissemination [17]. Thus, consequences
f such variations in food chain animals should be
nvestigated in further details.

enetic evidences of transfer

hen looking at the distribution of enzymes that
ause the ESBL phenotypes, striking differences are
bserved depending on the origin of the strains
animal or humans, or between animal species)

18]. Some, such as CTX-M1 are however found
cross all species, suggesting that some trans-
ission does indeed occur. Differences observed
etween species in the distribution of ESBL enzymes
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are not greater than those observed between
fecal and blood isolates in humans [19]. Plots
of the phylogenetic relationships between ESBL
E. coli from chicken, human feces and human
blood show no clear differential patterns suggesting
that transfer does indeed occur with a signifi-
cant rate. High resolution power genetic tools with
increased resolution power are highly conclusive
that food chain animals can be the source of EBSL
in humans but cannot estimate the precise rate
of transfer [20]. This is currently addressed for
instance by the EvoTar 7th European Union Research
program (http://www.evotar.eu) which character-
izes antibiotic resistance genes from the human
microbiome and elucidates its interactions with
environmental, animal and food reservoirs of resis-
tance.

Organic food

Whether organic products are less likely than con-
ventional ones to carry resistant bacteria is a fre-
quently asked by consumers. In France, there were
no significant differences in rates and densities of
colonization by resistant bacteria between organic
and conventional fruits and vegetables eaten raw
[3]. This however is not be the same for meat,
ESBL contamination appearing significantly less fre-
quent and less dense in organic than in conventional
retail chicken meat [21]. When resistant bacteria
are widespread in food animals, it is very likely
that soil and waterways contaminated with fecal
material and effluent from farm animals will carry
resistant bacteria. These can then go onto colonize
fruits and vegetables, even if raised organically.
Certainly more studies are needed in the field.

The AGISAR initiative

It is obvious that food chain animals are a signifi-
cant reservoir of resistance for human pathogens.
Although the magnitude of this source in compar-
ison of the direct selection of resistance due to
antibiotic use in humans remains unknown and will
vary for different groups of bacteria, this obvious
important factor certainly needs to be taken into
account at a time where no new antibiotic are avail-
able, which forces to consider those on the market
as a ‘‘limited resource’’ to be preserve for infected
patients who need it.
This is in this context that has been launched
in December 2008 the WHO-AGISAR (World Health
Organization Advisory Group on Integrated Surveil-
lance of Antimicrobial Resistance) initiative. It was
A. Aidara-Kane et al.

stablished to support WHO’s effort to minimize
he public health impact of antimicrobial resis-
ance associated with the use of antimicrobials in
ood animals. In particular, the Advisory Group will
ssist WHO on matters related to the integrated
urveillance of antimicrobial resistance and the
ontainment of food-related antimicrobial resis-
ance. The terms of reference of WHO-AGISAR
re (i) Develop harmonized schemes for monitor-
ng antimicrobial resistance in zoonotic and enteric
acteria using appropriate sampling, (ii) Sup-
ort WHO capacity-building activities in Member
ountries for antimicrobial resistance monitoring
AMR training modules for Global Foodborne Infec-
ions Network (GFN) training courses), (iii) Promote
nformation sharing on AMR, (iv) Provide expert
dvice to WHO on containment of antimicro-
ial resistance with a particular focus on Human
ritically Important Antimicrobials, (v) Support
nd advise WHO on the selection of sentinel
ites and the design of pilot projects for con-
ucting integrated surveillance of antimicrobial
esistance and (vi) Support WHO capacity-building
ctivities in Member countries for antimicrobial
sage monitoring. The WHO-AGISAR comprises over
0 internationally renowned experts in a broad
ange of disciplines relevant to antimicrobial resis-
ance, appointed following a web-published call for
dvisers, and a transparent selection process. WHO-
GISAR holds quarterly telephone conferences and
nnual face-to-face meetings.
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[2] Wilhelm B, Rajić A, Greig JD, Waddell L, Harris J.
The effect of hazard analysis critical control point
programs on microbial contamination of carcasses in abat-
toirs: a systematic review of published data. Foodborne
Pathogens and Disease 2011;8(September (9)):949—60,
http://dx.doi.org/10.1089/fpd.2010.0809. Epub 2011 May
13.

[3] Ruimy R, Brisabois A, Bernede C, Skurnik D, Barnat
S, Arlet G, et al. Organic and conventional fruits
and vegetables contain equivalent counts of Gram-
negative bacteria expressing resistance to antibacterial
agents. Environmental Microbiology 2010;12(3):608—15,

http://dx.doi.org/10.1111/j.1462-2920.2009.02100.x.
Epub 2009 Nov 17.

[4] Corpet DE. Antibiotic resistance from food. New England
Journal of Medicine 1988;318(May (18)):1206—7.

http://www.evotar.eu/
dx.doi.org/10.1186/2047-2994-1-39
dx.doi.org/10.1186/2047-2994-1-39
dx.doi.org/10.1089/fpd.2010.0809
dx.doi.org/10.1111/j.1462-2920.2009.02100.x


A GIS

[

[

[

[

[

[

[

[

[

[

[

[

ntimicrobial resistance in the food chain and the A

[5] Levy SB, FitzGerald GB, Macone AB. Changes in intestinal
flora of farm personnel after introduction of a tetracycline-
supplemented feed on a farm. New England Journal of
Medicine 1976;295(September (11)):583—8.

[6] Tschpe H. The spread of plasmids as a function of bacteriala
daptability. FEMS Microbiology Ecology 1994;15:23—32.

[7] Marshall BM, Levy SB. Food animals and antimicrobials:
impacts on human health. Clinical Microbiology Reviews
2011;24(October (4)):718—33, http://dx.doi.org/10.1128/
CMR.00002-11.

[8] Joint Committee on the Use of Antibiotics in Animal
Husbandry and Veterinary Medicine (headed by Dr. M.M.
Swann), London HMSO; 1969.

[9] Schmidt CW. FDA proposes to ban cephalosporins from
livestock feed. Environmental Health Perspectives
2012;120:106.

10] Cheng AC, Turnidge J, Collignon P, Looke D, Barton M,
Gottlieb T. Control of fluoroquinolone resistance through
successful regulation, Australia. Emerging Infectious Dis-
eases 2012;18(September (9)):1453—60.

11] Vieira AR, Collignon P, Aarestrup FM, McEwen SA, Hendrik-
sen RS, Hald T, et al. Association between antimicrobial
resistance in Escherichia coli isolates from food animals and
blood stream isolates from humans in Europe: an ecological
study. Foodborne Pathogens and Disease 2011;8:1295—301.

12] Geser N, Stephan R, Hächler H. Occurrence and char-
acteristics of extended-spectrum �-lactamase (ESBL)
producing Enterobacteriaceae in food producing animals,
minced meat and raw milk. BMC Veterinary Research
2012;8(March):21, http://dx.doi.org/10.1186/1746-6148-
8-21.

13] Dutil L, Irwin R, Finley R, Ng LK, Avery B, Boerlin
P, et al. Ceftiofur resistance in Salmonella enterica
serovar Heidelberg from chicken meat and humans,
Canada. Emerging Infectious Diseases 2010;16:48—54,
http://dx.doi.org/10.3201/eid1601.090729.

14] Kola A, Kohler C, Pfeifer Y, Schwab F, Kühn K, Schulz K,
et al. High prevalence of extended-spectrum-�-lactamase-
producing Enterobacteriaceae in organic and conven-
tional retail chicken meat, Germany. Journal of Antimi-
crobial Chemotherapy 2012;67(November (11)):2631—4,

http://dx.doi.org/10.1093/jac/dks295. Epub 2012 August
6.

15] Manges AR, Smith SP, Lau BJ, Nuval CJ, Eisenberg JN,
Dietrich PS, et al. Retail meat consumption and the

Available online at www
AR initiative 165

acquisition of antimicrobial resistant Escherichia coli
causing urinary tract infections: a case—control study.
Foodborne Pathogens and Disease 2007;4(Winter (4)):
419—31.

16] Horton RA, Randall LP, Snary EL, Cockrem H, Lotz S,
Wearing H, et al. Fecal carriage and shedding density of
CTX-M extended-spectrum {beta}-lactamase-producing
Escherichia coli in cattle, chickens, and pigs: implications
for environmental contamination and food production.
Applied and Environment Microbiology 2011;77(June
(11)):3715—9, http://dx.doi.org/10.1128/AEM.02831-10.
Epub 2011 April 8.

17] Lerner A, Adler A, Abu-Hanna J, Meitus I, Navon-
Venezia S, Carmeli Y. Environmental contamination by
carbapenem-resistant Enterobacteriaceae. Journal of Clin-
ical Microbiology 2013;51(January):177—81.

18] Kluytmans JA, Overdevest IT, Willemsen I, Kluytmans-van
den Bergh MF, van der Zwaluw K, Heck M, et al. Extended-
spectrum �-lactamase-producing Escherichia coli from
retail chicken meat and humans: comparison of strains,
plasmids, resistance genes, and virulence factors.
Clinical Infectious Diseases 2013;56(February):478—87,
http://dx.doi.org/10.1093/cid/cis929. Epub 2012
December 14.

19] Leverstein-van Hall MA, Dierikx CM, Cohen Stuart J, Voets
GM, van den Munckhof MP, van Essen-Zandbergen A, et al.
Dutch patients, retail chicken meat and poultry share
the same ESBL genes, plasmids and strains. National ESBL
surveillance group. Clinical Microbiology and Infection
2011;17(June (6)):873—80, http://dx.doi.org/10.1111/
j.1469-0691.2011.03497.x. Epub 2011 April 4.

20] Kluytmans JA, Overdevest IT, Willemsen I, Kluytmans-
van den Bergh MF, van der Zwaluw K, Heck M, et al.
Extended-spectrum �-lactamase-producing Escherichia coli
from retail chicken meat and humans: comparison of
strains, plasmids, resistance genes, and virulence factors.
Clinical Infectious Diseases 2013;56(February (4)):478—87,
http://dx.doi.org/10.1093/cid/cis929.

21] Cohen Stuart J, van den Munckhof T, Voets G, Scharringa
J, Fluit A, Hall ML. Comparison of ESBL contamination in
organic and conventional retail chicken meat. International

Journal of Food Microbiology 2012;154(March (3)):212—4,
http://dx.doi.org/10.1016/j.ijfoodmicro.2011.12.034.
Epub 2012 January 3.

.sciencedirect.com

dx.doi.org/10.1128/CMR.00002-11
dx.doi.org/10.1128/CMR.00002-11
dx.doi.org/10.1186/1746-6148-8-21
dx.doi.org/10.1186/1746-6148-8-21
dx.doi.org/10.3201/eid1601.090729
dx.doi.org/10.1093/jac/dks295
dx.doi.org/10.1128/AEM.02831-10
dx.doi.org/10.1093/cid/cis929
dx.doi.org/10.1111/j.1469-0691.2011.03497.x
dx.doi.org/10.1111/j.1469-0691.2011.03497.x
dx.doi.org/10.1093/cid/cis929
dx.doi.org/10.1016/j.ijfoodmicro.2011.12.034
http://www.sciencedirect.com/science/journal/18760341

	Antimicrobial resistance in the food chain and the AGISAR initiative
	Basic facts and context
	Early demonstrations
	Recent evidences
	Resistant Escherichiaprotect protect unhbox voidb@x penalty @M  {}coli in food chain animals
	Density of colonization
	Genetic evidences of transfer
	Organic food

	The AGISAR initiative
	References


