
One	Health	approach	for	
an/microbial	resistance	

II	Encontro	de	Estudantes	de	Doutoramento	
em	Ambiente	e	Agricultura	
	16	e	17	de	Novembro	
Universidade	de	Évora	

	

Cris/na	Queiroga	
crique@uevora.pt	



My	presenta/on	

•  Microrganisms	
•  One	Health	
•  An/bio/c/	An/microbial	
•  An/microbial	resistance	(AMR)	
•  Resistance	acquisi/on	
•  Food	of	animal	origin	
•  Companion	animals	
•  An/microbial	stewardship	



Microrganisms	
•  Most	abundant	living	beings	on	Earth	

•  Humans	and	other	 animals	 -	 colonized	on	 surfaces	exposed	 to	
the	environment	

•  In	 the	gastrointes/nal	 tract	 -	commensal	bacteria	are	10	/mes	
more	numerous	than	host	cells	

•  Indigenous	microbiota	 is	 responsible	 for	 several	 vital	 func/ons	
for	 the	 host:	 vitamin	 synthesis,	 complex	 polysaccharide	
diges/on,	maintenance	 of	 intes/nal	 epithelial	 barrier,	 prevent	
coloniza/on	 by	 pathogens,	 s/mula/on	 of	 immune	 system	
development	 è	 host	 health	 depends	 on	 its	 microbiota	 è	
microbioma	è	HEALTH/	DISEASE	



Microrganisms	

•  Microbiota	-	symbio/c	bacteria	(commensalism/	mutualism)	

•  Opportunis/c	pathogens	è	acute	infec/ons	(from	environment	
or	other	parts	of	the	body)	

•  Patobionts	 –	 symbionts	 of	 indigenous	 microbiota	 with	
pathogenic	poten/al	è	chronic	inflamma/on	

•  Pathogens	-	cause	disease	even	in	healthy	individuals	



	
One	Health	

	
Concept	 -	 worldwide	 strategy	 for	 expanding	 interdisciplinary	
collabora/ons	and	communica/ons	in	all	aspects	of	health	care	
for	humans,	animals	and	the	environment	
The	 synergism	 achieved	 will	 advance	 health	 care	 for	 the	 21st	
century	and	beyond	by:	
•  accelera/ng	biomedical	research	discoveries	
•  enhancing	public	health	efficacy		
•  expedi/ously	expanding	the	scien/fic	knowledge	base		
•  	improving	medical	educa/on	and	clinical	care	

When	properly	implemented,	it	will	help	protect	and	save	untold	
millions	of	lives	in	our	present	and	future	genera/ons	





•  ZOONOSIS	 -	 Infec/ous	 disease	 transmissible,	 in	 natural	
condi/ons,	 from	 vertebrates	 -	 both	 domes/c	 and	 wild	 -	 to	
man	and	vice-versa	



	
An/bio/c/	An/microbial		

	
•  An/bio/c	 -	 Chemical	 substances	 produced	 by	

microorganisms	 which	 in	 very	 low	 concentra/ons	 kill	 or	
selec/vely	inhibit	other	micro-organisms	

•  Bactérias	
o  Streptomyces	spp	
o Micromonospora	spp	
o Bacillus	spp	

•  Fungos	
o  Penicillium	spp	
o  Cephalosporium	spp	

Penicilium	notatum	



	
An/bio/c/	An/microbial		

	
•  An/microbials	 –	 various	 chemical	 substances	 that	

inhibit	microorganisms	including	an/bio/cs	
	

Exemples	of	nonan/bio/c	an/microbials	
o 	Sulfamides	

o 	Quinolones	

Both	 may	 be	 applied	 internally	 unlike	 disinfectants	 and	
an/sep/cs,	 which	 are	 applied	 to	 inert	materials	 or	 to	 external	
/ssues	



•  		•  Ac/ng	on	the	bacterial	cell	wall	
o  	β-Lactams	
o  Glycopep/des	
o  Phosphonopep/des	

•  Ac/ng	on	the	cytoplasmic	membrane	
o  Gramicidins	
o  Polymyxins	

•  Ac/ng	on	protein	synthesis	
o  Aminoglycosides	–	30S	
o  Tetracyclins	–	30S	
o  Macrolides,	lincosamides,	streptogramins,	ketolides	(MLSK)	–	50S	
o  Chloramphenicol	–	50S	

	
An/bio/c/	An/microbial	

Mechanism	of	ac/on		
	



•  Ac/ng	on	nucleic	acid	synthesis	
o  Quinolones	
o  Metronidazole	
o  Nitrofurans	
o  Rifampicin	

•  Ac/ng	as	folate	pathway	inhibitors	
o  Sulfamides	
o  Trimethoprim	

	
An/bio/c/	An/microbial	

Mechanism	of	ac/on		
	



	
An/bio/c/	An/microbial	

Mechanism	of	ac/on		
	



	
An/microbial	resistance	(AMR)	

	
•  Reduc/on	in	the	drug	quan/ty	reaching	the	
target	
o Impermiability	
o Up-regulated	efflux	systems	

•  Target	modifica/on	
o Muta/on	(conferring	target	resistance)	
o Target	bypassed	(acquisi/on	of	external	genes	allowing	targets	

to	be	bypassed)	
•  An/microbial	inac/va/on	





	
Resistance	acquisi/on	

Muta/on	
	



	
Resistance	acquisi/on	

Gene	transfer	
	



	
Resistance	acquisi/on	

Gene	transfer	
	



	
Resistance	acquisi/on	

Selec/on	pressure	
	



Food	of	animal	origin	

Consump/on	of	food	products	
microorganisms	from	the	animal's	microbiome	è	consumer		
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Figure 55.  Total sales of veterinary antimicrobial agents for food-producing species, in mg/PCU, from 
2011 to 2014, for 29 European countries1-7 
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Portugal 
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Figure A1. Sales of colistin for use in food-producing animals, in mg/PCU, in 2014, including the 5 and 1 
mg/PCU levels1 



2009-2012/ 12013-2015 



Resultados obtidos em isolados de 
Campylobacter em alimentos 2013-2015 2009-2012/ 12013-2015 



Antimicrobiano R S %	Resistencia

Ciprofloxacin 329 57 85,2
Nalidixic	acid 314 72 81,3
Ampicillin 300 86 77,7
Tetracycline 292 94 75,6
Sulphamethoxazole 272 114 70,5
Trimethoprim 201 185 52,1
Chloramphenicol 165 221 42,7
Colistin 55 331 14,2
Gentamicin 47 339 12,2
Azithromycin 17 369 4,4
Cefotaxime 16 370 4,1
Ceftazidime 16 370 4,1
Meropenem 0 386 0,0
Tigecycline 0 386 0,0
386	isolados	de	E.coli 	provenientes	de	amostras	cecais	de	frangos	e	perus

E. coli - isolada em amostras de aves 

PVRAM de 2014  



Salmonella spp - isolada em amostras de aves 

PVRAM de 2014  

Antimicrobiano R S %	Resistencia

Ciprofloxacin 48 75 39,0
Nalidixic	acid 37 86 30,1
Ampicillin 19 104 15,4
Sulphamethoxazole 14 109 11,4
Colistin 13 110 10,6
Tetracycline 13 110 10,6
Trimethoprim 8 115 6,5
Chloramphenicol 4 119 3,3
Gentamicin 2 121 1,6
Azithromycin 1 122 0,8
Cefotaxime 1 122 0,8
Ceftazidime 1 122 0,8
Meropenem 0 123 0,0
Tigecycline 0 123 0,0
123	isolados	de	Salmonella	 provenientes	de	amostras	de	aves
(PIGA	e	PNCS)	



E. coli  ESBL isolado em amostras de carne de suínos 

PVRAM de 2015  

Antimicrobiano	(1º	painel) R S %	Resistência

Ampicillin 39 100,0
Azithromycin 8 31 20,5
Cefotaxime 39 100,0
Ceftazidime 34 5 87,2
Chloramphenicol 10 29 25,6
Ciprofloxacin 20 19 51,3
Colistin 3 36 7,7
Gentamicin 7 32 17,9
Meropenem 39 0,0
Nalidixic	acid 19 20 48,7
Sulphamethoxazole 31 8 79,5
Tetracycline 35 4 89,7
Tigecycline 39 0,0
Trimethoprim 27 12 69,2
39	isolados	de	E.coli 	ESBL	provenientes	de	amostras	de	carne	de	suino



E. coli  ESBL isolado em amostras carne de suíno 

PVRAM de 2015  

Antimicrobiano	(2º	painel) R S %	Resistência

Cefepime 37 2 94,9
Cefotaxime 39 100,0
Cefotaxime/clavulanic	acid 7 32 17,9
Cefoxitin 8 31 20,5
Ceftazidime 36 3 92,3
Ceftazidime/clavulanic	acid 7 32 17,9
Ertapenem 39 0,0
Imipenem 1 38 2,6
Meropenem 39 0,0
Temociline 39 0,0
39	isolados	de	E.coli 	provenientes	de	amostras	de	carne	de	suino



Salmonella em carcaças de suínos 

PVRAM de 2015  

48 isolados  



PVRAM de 2015  
E. coli ESBL - isolado em amostras de carne de bovino 

Antimicrobiano	(1º	painel) R S %	Resistência

Ampicillin 12 100,0
Azithromycin 1 11 8,3
Cefotaxime 12 100,0
Ceftazidime 11 1 91,7
Chloramphenicol 5 7 41,7
Ciprofloxacin 6 6 50,0
Colistin 12 0,0
Gentamicin 2 10 16,7
Meropenem 12 0,0
Nalidixic	acid 9 3 75,0
Sulphamethoxazole 10 2 83,3
Tetracycline 12 100,0
Tigecycline 12 0,0
Trimethoprim 8 4 66,7
12	isolados	de	E.coli 	ESBL	provenientes	de	amostras	de	carne	de	bovino



PVRAM de 2015  
E. coli ESBL - isolado em amostras de carne de bovino 

Antimicrobiano	(2º	painel) R S %	Resistência

Cefepime 12 100,0
Cefotaxime 12 100,0
Cefotaxime/clavulanic	acid 2 10 16,7
Cefoxitin 1 11 8,3
Ceftazidime 11 1 91,7
Ceftazidime/clavulanic	acid 2 10 16,7
Ertapenem 12 0,0
Imipenem 12 0,0
Meropenem 12 0,0
Temociline 12 0,0
12	isolados	de	E.coli 	ESBL	provenientes	de	amostras	de	carne	de	bovino



	
Pet	animals	

	



	
Pet	animals	

	

Microorganism	exchange:	
•  between	people	and	
•  between	animals	and	people	living	in	the	same	environment		



Evolu&on	of	an&microbial	resistance	over	the	16	years	
–	Staphyloccoci	isolated	from	companion	animals	

Ampicillin	

Oxacillin	

Portugal	

Couto	et	al,	2016,	J	An/microb	Chemother.	Jun;71(6):1479-87	
	



mecA	is	increasing…	

Portugal	



	
Escherichia	coli	an/microbial	resistance	

isolated	from	companion	animal	urinary	tract	infec/ons	(Marques	et	al.,	2016)	
	



	
Escherichia	coli	an/microbial	resistance	

isolated	from	companion	animal	urinary	tract	infec/ons	(Marques	et	al.,	2016)	
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Increasing	temporal	trends	

Amoxicillin/Clav	 3rd	G.	Cephalosporins	 Fluoroquinolones	

Escherichia	coli	

•  Significant	 increase	 detected,	 AMC	 p<0.0001,	 3GC	
p<0.0001,	FLU	p=0.0396	

An&microbial	
category	

An&microbial	
agents	

Penicillins	+	β-
lactamase	
inhibitors	

Amoxicillin/
clavulanate	

Third	genera/on	
Cephalosporins	

Cefotaxime	
Cerazidime	

Fluoroquinolones	 Enrofloxacin	
Ciprofloxacin	

Aminoglycoside	 Gentamicin	

Folate	pathway	
inhibitors	

Trimetropim/
Sulfametoxazole	

(Magiorakos	et	al,	2011)	



	
Resistance	acquisi/on	

Gene	transfer	
	

Horizontal	 transfer	 of	 gene/c	 material,	 including	 an/bio/c	 resistance	 genes,	
through	conjuga/on	and	transduc/on	is	a	frequent	event	in	the	gut	microbiota	
		



Which	bacteria	maybe	a	risk	of	transfer	
	from	pets	to	humans?	

alow	number	of	cases	of	human	infec/ons	origina/ng	from	companion	animals		
bno	human	infec/ons	origina/ng	from	companion	animals	have	been	reported		

Public	health	risk	of	an&microbial	resistance	transfer	from	companion	animals	
Pomba	et	al,	2017,	Journal	of	An/microbial	Chemotherapy,	2017	72	(4):	957–968	
	





	
Problem	

	
•  Superbugs	è	untreatable		

•  700	000	people	are	already	dying	of	resistant	
bacteria	infec/ons	every	year	

•  10	million	deaths	a	year	by	2050?	



	
Problem	
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SURVEILLANCE REPORTAntimicrobial resistance surveillance in Europe 2014

3.6 Staphylococcus aureus
3.6.1 Clinical and epidemiological importance
Staphylococcus aureus is a gram-positive bacterium that 
colonises the skin of about 30 % of healthy humans. 
However, S. aureus is an opportunistic microorganism 
and can cause severe infection. Its oxacillin-resistant 
form (meticillin-resistant S. aureus, MRSA) has been 
the most important cause of antimicrobial-resistant 
healthcare-associated infections worldwide. Most 
healthcare-associated MRSA in Europe belong to only 
five clonal lineages which have distinctive geographi-
cal patterns of occurrence, whereas the background 
populations of meticillin-susceptible S. aureus (MSSA) 
are highly diverse, consisting of many lineages that 
have been widely disseminated. MRSA infections add to, 
rather than replace, infections caused by MSSA. A high 
incidence of MRSA thus adds to the overall clinical and 
economic burden in hospitals, causing prolonged hos-
pital stay and higher mortality, mainly due to delayed 
initiation of appropriate therapy and less effective alter-
native treatment regimens. 

3.6.2 Resistance mechanisms
S. aureus acquires resistance to meticillin and all other 
beta-lactam agents through expression of the exoge-
nous mecA gene. It codes for a variant penicillin-binding 

protein PBP2’ (PBP2a) with low affinity for beta-lac-
tams, thus preventing the inhibition by beta-lactams 
of cell wall synthesis. In some mecA-negative MRSA, a 
novel mec gene, mecC (formerly called mecAlga251) was 
described in 2010.

The level of meticillin resistance, as defined by the 
MIC, depends on the amount of PBP2’ production. The 
PBP2’ production is influenced by various genetic fac-
tors. Resistance levels of mec-positive strains can thus 
range from phenotypically susceptible to highly resist-
ant. Upon challenge with beta-lactam agents, a highly 
resistant sub-population may rapidly be selected from a 
heterogeneously resistant MRSA population.

3.6.3 Antimicrobial susceptibility 

• Wide inter-country variations in the occurrence 
of MRSA were evident across Europe, with per-
centages ranging from 0.9 % to 56.0 %. MRSA 
percentages were generally lower in northern 
Europe and higher in the southern and south-east-
ern parts.

• The EU/EEA population-weighted mean MRSA per-
centage continued to decrease significantly from 
18.6 % in 2011 to 17.4 % in 2014. 

Figure 3.23. Staphylococcus aureus. Percentage (%) of invasive isolates with resistance to meticillin (MRSA), by 
country, EU/EEA countries, 2014
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EARSS MRSA in humans in Europe 2014 





	
An/microbial	stewardship	

	
•  Coordinated	 interven/ons	 designed	 to	 improve	 and	
measure	the	appropriate	use	of	an/microbials		

•  Selec/on	 of	 the	 op/mal	 an/microbial	 drug	 regimen:	
dose,	dura/on	of	therapy,	route	of	administra/on	

•  Achieve	op/mal	clinical	outcomes		

•  Minimize	toxicity	and	other	adverse	events		

•  Reduce	the	costs	of	health	care	for	infec/ons		

•  Limit	the	selec/on	for	an/microbial	resistant	strains	



	
An/microbial	replacement	

	
•  Higyene	

•  Vacina/on	

•  Probio/cs	

•  Alterna/ve	substances	

One	Health	approach	

Prudent,	responsible	use	of	an/microbials	



Official	ac/ons	adopted	

•  PANRUAA -  «Plano de Ação Nacional para a 
Redução do Uso de Antibióticos nos Animais» 

•  Regulamento “Saúde Animal” (Publicado –2016) 

•  general prevention / behavior measures - to contribute to 
the reduction of antibiotics use  

•  biosafety, some rules on the use of veterinary drugs 
(vaccines, prudent use) etc. 

•  responsibilities, knowledge, awareness of operators, 
veterinarians, etc. 

•  monitoring of pathogens AMR 

•  other disease prevention and control measures 



PIGA 
Monitorização dos perigos 

microbiológicos nos géneros 
alimentícios 

PVRAM 
Vigilância das resistências 

antimicrobianas em bactérias 
zoonóticas e comensais 

Sistema de Vigilância de Antibioresistências  
 Diretiva 2003/99 
 Decisão 2013/652 
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European Union approach to the critical 

list * 
 *	Answers	to	requests	for	scien/fic	advice	on	the	impact	of	public	health	and	animal	health	on	the	use	of	an/bio/c	in	animals,	

EMA	381884/2014	18	December	2014	**Future	assessments	could	result	in	a	change	of	the	categorisa/on. 

European	Union	
approach	to	the	
cri/cal	list	*	
Category		

Classes		 Management		

1	Low	or	Limited	
Risk		

Macrolides,	Penicillins,	Rifamycins,	Tetracyclins		 Responsible	use		

2	Higher	Risk		 Cephalosporins,	Fluorochinolones,	Polymyxins,	

Aminoglycosides**		

Aminopenicillins	**		

Use	only	if	no	alterna/ves		

3	Not	approved	
for	veterinary	
medicine		

Carbapenems,	Cyclic	Esters,	Glycopep/des,	
Glycylcyclines,	Lipopep/des,	Monobactams,	
Oxazolidinones,	Carboxy	and	Ureidopenicillins,	
Sulfones,	etc…		

Use	by	excep/on,	according	to	na/onal	rules,	
only	in	companion	animals		



	
WHO	-	list	of	cri/cally	important	

an/microbials	for	human	medicine	
	

These	 an/microbials	 are	 essen/al	 as	 last-resort	
treatments	 for	 mul/drug-resistant	 infec/ons	 in	
humans	
5th	 revision	 of	 the	 list	 published	 in	 April	 2017,	 the	
an/bio/cs	considered	highest	priority:	
•  	Quinolones	
•  3rd	and	higher	genera/on	Cephalosporins	
•  Macrolides	and	ketolides	
•  Glycopep/des	and	polymyxins	(colis/n)	



WHO	is	recommending	that	farmers	and	the	food	
industry	stop	using	an/bio/cs	rou/nely	to	promote	
growth	and	prevent	disease	in	healthy	animals	



Approach	



OIE	organizes	awareness	week	for	
proper	use	of	an/microbials	

•  OIE	(Office	Interna/onal	des	Epizoo/es)	

•  WHO	(World	Health	Organiza/on)	

•  	FAO	(Food	and	Agriculture	Organiza/on	of	the	United	Na/ons)	

are	jointly	comba/ng	an/microbial	resistance		
	
“Each	 of	 us	 has	 a	 role	 to	 play	 in	 the	 fight	 against	
an/microbial	resistance,	in	doing	so,	to	protect	the	
effec/veness	 of	 these	 vital	 treatments	 and	 at	 the	
same	/me	our	future”	
h{ps://www.youtube.com/embed/QoUqO5dNhDw?rel=o&autoplay=1		

	
	



Thank	you	


