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Why	is	bacterial	resistance	a	major	
threat	to	public	health	worldwide?			

		



hDp://www.nature.com/news/bacteria-bonanza-found-in-remote-amazon-village-1.17348	

Laxminarayan	et	al.	The	Lancet	Infect	Dis.	S1473-3099(13)70318-9.		
	
	



§  Bacterial	resistance	(MDR)	

reported	in	all	regions	

§  Limited	therapeu7c	op7ons;	

§  Nega7ve	impact	on	clinical	

outcomes	of	pa7ents	infected	by	

MDR	pathogens.	

§  MDR	=	écost	

	

	

hDp://www.who.int/drugresistance/publica7ons/infographic-an7microbial-resistance-20140430.pdf?ua=1	

Resistência	Bacteriana:		
Problema	de	Saúde	Pública	Mundial	



Fig	1.	The	percentage	(%)	of	isolates	with	decreased	suscep7bility	or	resistance	to	extended-spectrum	cephalosporin	(ESC)	(cefixime	and/or	
cebriaxone)	according	to	the	most	recent	World	Health	Organiza7on	(WHO)	Gonococcal	An7microbial	Surveillance	Programme	(GASP)	data	
(2014	for	most	countries,	but	for	a	few	countries,	only	2011±2013	data	were	available).	Note:	The	areas	in	grey	are	disputed	territories	
(e.g.,	Western	Sahara,	Jammu,	and	Kashmir),	and	no	an7microbial	resistance	(AMR)	data	are	available	from	these	regions.	

hDps://doi.org/10.1371/journal.pmed.1002344.g001	

Neisseria	gonorrhoeae	
Resistance	to	extended-spectrum	cephalosporins	



Enterobactérias	produtoras	de	MCR-1		
(mobile	colis7n	resistance)	

Xavier	et	al.	Euro	Surveill.	2016;21(27):pii=30280.	DOI:	hDp://dx.doi.org/10.2807/1560-7917.ES.2016.21.27.30280	



Yigit	et	al.An7microb	Agents	Chemother.	2001	Apr;45(4):1151-61.	
Munoz-Price	et	al.	Lancet	Infect	Dis.	2013	Sep;	13(9):	785–796.	

DeLeo	Proc	Natl	Acad	Sci	U	S	A.	2014	Apr	1;	111(13):	4988–4993.	
Lee	et	al.	Front.	Microbiol.	7:895.	doi:	10.3389/fmicb.2016.00895.	
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Distribuição		Mundial	de	NDM	

Lee	et	al.	Front.	Microbiol.	7:895.	doi:	10.3389/fmicb.2016.00895.	



AR-Threat,	CDC,	2013.	



2009-2015,	891	adult	inpa,ents	with	Gram-nega,ve	BSI	at	a	single	US	ins,tu,on	
were	prospec,vely	enrolled	(292	MDR	–	33%)	

Only	history	of	Gram-nega,ve	infec,on	was	associated	with	MDR	BSI	versus	non-
MDR	BSI	(OR:	1.60;	95%	CI,	1.19-2.16;	P=	0.002).			

Pa,ents	with	MDR	BSI	had	increased	BSI	recurrence	(1.7%	vs	0.2%)	and	longer	
hospital	stay	(	10	vs	8	days,	P=	0.0005)	

Unadjusted	mean	costs	were	1.62	,mes	higher	in	MDR	than	in	non-MDR	BSI	
($59,266	versus	$36,452;	P=	0.003)	

An7microb	Agents	Chemother	61:e01709-16.	hDps://doi.org/10.1128/AAC.01709-16.	

Interes.ngly,	the	increased	cost	of	MDR	BSI	was	noted	even	a<er	we	adjusted	for	
appropriate	empirical	an.bio.c	therapy.	



Void	
Discovery	

Lynn	L.	Silver.	Clin.	Microbiol.	Rev.	2011,	24(1):71.		
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Figura adaptada  http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/pubs/amr-ram_final_report-rapport_06-27-eng.pdf  



Spread	of	Resistant	Bacteria	

Direct	contact		

Food	chain	
Colonização	
Infecção	



Overdevest	I	et	al	Emerg	Infect	Dis.	2011	Jul;17(7):1216-22.	



“Indirect	Factors”	

•  Socio-economic	factors	
– Governance	

•  Educa,on	
•  Drinking	water	&	Basic	Sanita,on	
•  GPD	expediture	on	health	and	educa,on	
•  Corrup,on	

	

Impacts	infra-
structure	of	health	

care	facili7es	

Research	&	
Development	



PLOS	ONE	|	DOI:10.1371/journal.pone.0114548	December	18,	2014	



PloSOne,	10(3),	2015	



Spread	of	An7microbial	Resistance	
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Availability	and		
quality	of	

drugs,	medical	
devices,	etc.	

Poor	adherence	to	IC		measures	

Microbiology	
labs	
	



Lübbert	et	alAm	J	Infect	Control.	2014	Apr;42(4):376-80.	

Aderência:	
98%	(84/86)	1	m		
40%	(34/86)	3	m		
30%	(26/86)	6	m		
22%	(19/86)	12	m		
7%	(6/86)	24	m	

Acompanhou	86	pacientes	após	infecção	
ou	colonização:	1m,	3m,	6m,	1	a	e	2	anos	
Swab	retal	ou	fezes	
Cultura	e	PCR	
Resolução:	min	3	PCR	neg	consecu7vos	
com	intervalo	mínimo	de	48	horas	

KPC	Coloniza,on	for	prolonged	periods		
Long-term	carriage	of	KPC-2-producing	K.pneumoniae	in	Germany	

	
	



MDR	Spread	

Environmental	contamina7on	



Two	P.	aeruginosa	isolates:		

R2,	obtained	from	a	river,		

E58,	obtained	from	sewage	downstream	from	the	Hospital	Porto		

They	were	collected	from	geographically	distant	loca,ons	and	

that	there	was	no	physical	link	between	the	two	aqua,c	

ecosystems.		

blaVIM-2	carried	by	In58	



Walsh		et	al.	Lancet	Infect	Dis.	2011	May;11(5):355-62.	



“The	5me	may	come	when	penicillin	

can	be	bought	by	anyone	in	the	

shops.	Then	there	is	the	danger	that	

the	ignorant	man	may	easily	

underdose	himself	and	by	exposing	

his	microbes	to	non-lethal	quan55es	

of	the	drug	make	them	resistant.”	

Excerpted	from	the	1945	Nobel	Prize	lecture	by	Alexander	Fleming,	the	discoverer	of	Penicillin	(accessible	at	
hDp://www.nobelprize.org/nobel_prizes/medicine/laureates/1945/)	

	

Warning:	Bacterial	Resistance	

Selec7ve	Pressure	Exerted	by	An7microbials	





Global	Trends	in	An7microbial	Use	in	Food	Animals	
Largest	five		
consumers	of		

an,microbials	in	livestock	
2010		

Projec,on	for	
2030	

Largest	increase	
in	consump,on		

between	2010-2030	

Largest	rela,ve	increase	
in	consump,on		

between	2010-2030	

CHN,	China;	USA,	United	States;	BRA,	Brazil;	DEU,	Germany;	IND,	India;	MEX,	Mexico;	IDN,	Indonesia;	MMR,	
Myanmar;	NGA,	Nigeria;	PER,	Peru;PHL,	Philippines	

Van	Boeckel	TP	et	al.	Proc	Natl	Acad	Sci	U	S	A.	2015	May	5;112(18):5649-54.	



Spread	of	Genes	Encoding	for	Resistance	

Levy	&	Marshall.	Nature	Medicine	10,	S122	-	S129	(2004)		

		



VIM-1	
Riccio	et	al.	AAC.	45(4):1249-53,	2001.	

IMP-1	
Mendes	RE	et	al.	AAC.	51(7):	2611-4,	2007.	

SIM-1	
Lee	K	et	al.	AAC.	49(11):4485-91,	2005.	

TMB-1	
El	Salabi	et	al.	AAC.	56(5):2241-5,	2012.	

Metallo-β-Lactamases	genes	carried	by	mobile	
gene7c	elements	like	Integrons	



Globaliza,on	
•  Interna7onal	travel	–	leisure	or	medical	tourism;	
•  Interna7onal	trade	(food);	
•  Immigra7on	
	

Is	there	any	safe	place?	



hDps://pt.flightaware.com/live/	
10/Set/17	–	22:05h	

Tráfego	Aéreo	



Lancet	Infect	Dis	2010;10:597-602.	

Interna7onal	Travel	
Medical	Tourism	





Carbapenemase-producing	P.	fluorescens-like	in	
Lula,	Canada	-	2014		

	Loja	chinesa	em	Saskatoon,	Canadá,		que	importava	alimentos	da	Coréia	do	Sul	

Rubin	et	al.	Emerg	Infect	Dis.	2014	Jul;20(7):1264-5.	



Immigra7on	

Peretz	et	al.	Clin	Infect	Dis	2014;59:753e4.		

hDp://alternate-theories.blogspot.com.br/2011/12/upcoming-war-with-
syria-russia-and-iran.html	

“we	feel	that	contact	isola5on	of	Syrian	pa5ents,	un5l	carriage	of	MDR	isolates	is	
ruled	out,	is	paramount	to	prevent	further	spread	of	these	pathogens”	

Israel	

2	Israeli	hospitals		(Poriya	&	Nahariya)		
	
•  19/29	(66%)	children	were	

colonized	by	ESBL-producing	
Enterobacteriaceae	(20)	and	MRSA	
(1);		

•  28/60	(47%)	adults	were	colonized	
by	CRE	(5;	NDM:2);	MRSA	(11);	
ESBL	(7),	e	MDR-A.	baumanni	(5).	



Why	is	bacterial	resistance	a	major	
threat	to	public	health	worldwide?			

		
1.  Present	in	all	geographic	regions	
2.  Worldwide	Spread	of	MDR	clones	
3.  Increase	length	of	hospitaliza,on,	morbidity	and	

mortality	rates,	and	costs		
4.  Threat	to	global	trade,	tourism….	
	
	

Global	Health	
	



A	global,	coordinated	ac7on	must	be	taken	to	tackle		bacterial	
resistance	because	the	epidemiological	context	is	complex.	
	



Thank	you!	


