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Bacterial	diseases	are	still	major	killers	in	developing	countries	
because	of	lack	of	access	to	antibiotics

O’Brien	et	al,	Lancet	2009



Pneumococcal	pneumonia	deaths	avertable	with	
improved	antibiotic	access

Laxminarayan	et	al,	Lancet,	2015



What	are	we	asking	of	antibiotics?



Substitute	for	immunization,	infection	control	and	
water/sanitation

South Asia



Substitute	for	immunization,	infection	control	and	
water/sanitation

Sub-Saharan Africa







Percentage of Staphylococcus aureus isolates that are methicillin resistant (MRSA) 

in selected countries, 1999–2014

Source: CDDEP 2015

Depending on the country, resistance to one or more of the following drugs may have been used to test for MRSA: Oxacillin, cefoxitin, 

flucloxacillin, cloxacillin, dicloxacillin, and methicillin. Intermediate-resistant isolates are included as resistant









CRE	rates	in	children	

grew	between	2000	

and	2012

Logan	et	al,	EID,	2015
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ResistanceMap	webpage	



Resistance	rates	in	various	countries	on	global	map



Resistance	rates	comparison	among	countries



Where	does	the	burden	of	
resistance	lie?



Neonatal	sepsis	– 421,000	deaths	
globally



Mortality	outcomes	are	worse	in	neonates	
with	resistant	infections

Kayange M,	Kamugisha E,	MwizamholyaDL,	Jeremiah	S,	Mshana SE.	2010.	Predictors	of	positive	blood	culture	and	deaths	among	neonates	with	

suspected	neonatal	sepsis	in	a	tertiary	hospital,	Mwanza- Tanzania.	BMC	Pediatrics	10:	39.

149

58

36

9

151

91

55

23

0

10

20

30

40

50

60

Culture Gram	Reaction ESBL MRSA

D
e
a
th
	(
%
)

Parameter

Positive

Negative



Neonatal	Case	fatality	rates	in	India	(In	Press)





Laxminarayan	et	al	Lancet,	2015





Typhoid	and	para typhoid	–
400,000	deaths,	16	million	cases









Resistance	is	increasing	and	associated	with	
worse	outcomes

• In	Kenya,	proportion	of	S	typhi in	Kenya	that	are	multidrug	resistant	
and	resistant	to	nalidixic acid	and	with	decreased	susceptibility	to	
fluoroquinolones had	risen	from	1%	in	2000	to	nearly	25%	in	2008.

• Fluoroquinolone	resistance	is	increasing	in	India	(44%)	and	Pakistan	
(58%).

• Case	fatality	rates	associated	with	multidrug-resistant	S	typhi in	south	
Asia	are	10%	(close	to	the	12·8%	recorded	in	the	pre-antibiotic	era)	

Lancet	Infect	Dis	2005;	5:	481–93



Surgical	site	infections	– over	
400,000	deaths



Surgical	site	infections

• There	are	92	million	surgeries	in	low-income	countries	each	year

• 5.5	million	surgical	site	infections	or	SSIs	(6	per	100	procedures)	–
about	a	third	of	all	healthcare	associated	infections

• SSIs	are	the	leading	cause	of	infection	in	settings	with	limited	
resources

• Mortality	rate	from	SSI	Rates	of	mortality	from	surgical	site	infections	
are	3%	in	the	US	and	between	8	and	20%	in	low-income	countries

• Between	400,000	and	a	million	deaths	from	SSIs	each	year	with	an	
increasing	number	caused	by	resistant	pathogens.	



Maternal	deaths	caused	by	sepsis	
– about	a	tenth	of	all	maternal	
deaths



Increasing	rates	of	institutional	deliveries	place	a	greater	burden	on	
infection	standards	in	health	care	institutions.		



Absolute risk reduction (ARR) of infection with antibiotic prophylaxis in 
common surgical procedures and blood cancer chemotherapy in the USA

Teillant et	al,	Lancet	Infect	Dis,	2015



Number of additional infections per year in the USA under 
a 30% decreased efficacy of antibiotic prophylaxis

Teillant et	al,	Lancet	Infect	Dis,	2015



Malaria	– 420,000	deaths



Risk	of	malaria	mortality	in	children	under	
10	went	up	between	two	and	five-fold	in	
three	populations	in	Senegal	following	
emergence	of	chloroquine resistance.



Anticipated	impact	of	drug	resistance	in	the	
near	term

• Neonatal	sepsis

• Enteric	pathogens

• Surgical	site	infections

• Maternal	mortality	associated	with	obstetrics

• Malaria

• Tuberculosis

• HIV



Population without access to improved 
sanitation, by MDG region 2012

Source: WHO/UNICEF 2014



Kyaw MH et al. N Engl J Med 2006;354:1455-1463.

Vaccines	can	be	effective
Invasive	disease	caused	by	Pneumococci	in	children	under	two	declined	in	the	US	post	pneumo
vaccination



Kyaw MH et al. N Engl J Med 2006;354:1455-1463.

Invasive	disease	caused	by	non-susceptible	
Pneumococci,	US



Effect	of	PCV7	introduction	on	antibiotic	prescriptions	and	ambulatory	
care	visits

Zhou et al, Pediatrics 2008



Effect	of	PCV7	introduction	on	antibiotic	prescriptions	and	ambulatory	
care	visits

Zhou et al, Pediatrics 2008

Antibiotic prescriptions attributable to acute otitis media 

decreased from 1244 to 722 prescriptions per 1000 person-

years – a 41.9% reduction.



Laxminarayan	et	al	Lancet,	2015



Antibiotic consumption is increasing in developing countries...

Source: Based on data obtained under license from IMS Health MIDAS ™ (January 2005-December 2010);  IMS Health 

Incorporated. All Rights Reserved. 
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Percentage change in antibiotic consumption per capita 2000–2010*, by 

country

Source: Van Boeckel et al. 2015 (adapted; based on IMS MIDAS)

*Data for Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama were available only as a group classified as Central America. Similarly, data for Benin, Burkina Faso, 

Cameroon, Côte d’Ivoire, Gabon, Guinea, Mali, Republic of the Congo, Senegal, and Togo were grouped and classified as French West Africa. The data for these countries represent the 

estimates for the corresponding regional groupings they belong to. For countries that did not have data available for 2000, the values for the earliest years for which data were available 
after 2000 were used to calculate the percentage changes. These countries and initial years are Algeria (2002), Bangladesh (2007), Croatia (2005), Netherlands (2005), and Vietnam 

(2005).



Faropenem consumption	has	increased	by	154%	since	it	was	
approved	for	use	in	India	in	2010

Gandra et	al,	Clin Inf Dis,	2016



Carbapenem consumption in the hospital sector in selected European 
countries, 1997–2013

ESAC-Net 2015



Non-prescription	use	of	antimicrobials	is	common

Morgan	et	al,	Lancet	ID,	2011







Global	availability	of	colistin

Wertheim et al, JGAR 2013 





Antibiotic	use	for	growth	promotion	and	disease	
prevention



2/3rds	 of	the	tonnage	of	antibiotics	sold	worldwide	
are	used	in	agriculture



Numbers	of	unique	β-lactamase	enzymes	identified	since	introduction	
of	first	β-lactam	antibiotics	



• Total	consumption	in	China	

- 92700	tons	in	2013,

• 54000	tons	of antibiotics	

excreted	by	human	and	

animals	- much	of	this	

entered	into	the	receiving	

environment	following	

various	wastewater	

treatments	into	58	river	

basins	of	China

Zhang	et	al,	Env Sci Tech,	2015	



High-capacity	quantitative	PCR	arrays	detected	149	

unique	resistance	genes	among	all	of	the	farm	

samples,	the	top	63	ARGs	being	enriched	192-fold	

(median)	up	to	28,000-fold	(maximum)	compared	

with	their	respective	antibiotic-free	manure	or	soil	

controls.



Increase	of	
antibiotic	
resistance	genes
among	soils	
collected	at	five	

sites	in	The	
Netherlands	from
1940	to	2008.

Knapp	et	al	Env Sci Tech,	2010



Temporal	association
between	contamination	of	retail	
chicken with	ceftiofur-resistant	
Salmonella	Heidelberg	strains	
and	incidence	of	ceftiofur
resistant	Salmonella	Heidelberg	
infection	in	humans

Dutil et	al,	EID,	2010	



Global antibiotic consumption in livestock (mg per 10 
km2 pixels) 2010

Van Boeckel et al., PNAS, 2015
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Global antibiotic consumption in livestock (mg per 10 
km2 pixels) 2010

Van Boeckel et al., PNAS, 2015
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Global	consumption	of	antimicrobials	in	food	animal	production	

• estimated	at	63,151	(±1,560)	tonnes in	2010

• projected	to	rise	by	67%,	to	105,596	(±3,605)	tonnes by	2030

• hotspots	like	India	where	areas	of	high	consumption	(30	kg	per	km2)	for	

industrial	poultry	production	are	expected	to	grow	312%	by	2030	
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Slides	are	downloadable	@	
www.cddep.org

More	on	the	Global	Antibiotic	Resistance	
Partnership	@

www.cddep.org/garp


