
The	evolu)on	of	drug	resistance	

Drug	resistance	describes	the	ability	of	a	parasite	
or	pathogen	to	overcome	our	a9empts	to	

control	them.	
	

Drug	resistance	has	evolved	to	become	a	
worldwide	health	threat.	It	is	the	result	of	

evolu)on	by	natural	selec)on.		

1	Lecture	“Evolu)on	of	host	–	parasite	interac)ons”,		Dieter	Ebert	

Evolu)on	of	drug	resistance	
1.  Forms	of	resistance	(describing	the	phenomenon)	

–  Resistance	to	drugs	
–  Resistance	to	vaccines	(e.g.	Marek’s	disease)	
–  Resistance	to	diagnos)c	tests	

2.  Gene)c	mechanisms	leading	to	drug	resistance	
–  Point	muta)ons	
–  Copy	number	varia)on	
–  Gene)c	recombina)on	
–  Horizontal	gene	transfer	

3.  Does	evolu)on	of		resistance	always	occur?	
4.  How	do	parasites	evolve	resistance	

–  A	general	model	

5.  Resistance	acquisi)on:	Within	and	between	host	process	of	drug	resistance	
6.  Can	we	stop	the	evolu)on	of	drug	resistance?	(“evolu)on	proofing”)	

–  Resistance	varies	in	space	and	)me	
–  Use	less	drugs;	cycling	and	mixing	
–  Reduce	popula)on	size	(hit	hard	and	strict	adherence!)	
–  Combina)on	therapy	
–  Specific	sugges)ons	

7.  Costs	of	drug	resistance	
8.  Summing	it	up	
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What’s	the	problem?	

What	is	the	
mechanism?	

One	mechanism	or	many?	

Do	we	understand	the	process?	

What	should
	we	stop	d

oing?	

1.	Forms	of	resistance:	Resistance	to	drugs	

Infec)ons	caused	by	Enterococcus	include	urinary	tract	infec)ons,	bacteremia,	bacterial	
endocardi)s,	diver)culi)s,	and	meningi)s.	Sensi)ve	strains	of	these	bacteria	can	be	
treated	with	vancomycin.	

Year	

%	vancomycin	
resistant	

Enterococcus	
isolates	in	US	
hospitals	

1.	Forms	of	resistance:	Resistance	to	drugs	

Klebsiella	pneumoniae	carbapenemase	(KPC)-producing	Klebsiella	pneumoniae	is	a	
pathogen	causing	an	epidemic	of	carbapenem-resistant	Enterobacteriaceae	(CRE)	in	
healthcare	segngs	in	many	countries.	States	of	the	US	with	KPC-producing	Carbapenem-
resistant	Enterobacteriaceae	(CRE)	reported	to	the	Centers	for	Disease	Control	and	
Preven)on	(CDC)	as	of	February	2015	demonstrate	the	rapid	spread	of	these	bugs.	

In	Jan.	2001	only	
North	Carolina	
reported	CRE!	



1.	Forms	of	resistance:	Resistance	to	drugs	
Many	parasites/pathogens	evolve	resistance	to	drugs	

Malaria	
•	chloroquine	resistance	was	reported	from	81	of	92	countries	

Tuberculosis	(TB)	
•	0-17%	of	isolates	show	primary	mul)-drug	resistance	

Gonorrhoea	
•	5-98%	penicillin	resistance	in	Neisseria	gonorrhoeae	

Pneumonia	and	bacterial	meningi9s	
•	0-70%	penicillin	resistance	in	Streptococcus	pneumoniae	

Diarrhoea:	shigellosis	
•	10-90%	ampicillin	resistance,	5-95%	cotrimoxazole	resistance	

Hospital	infec9ons	
•	0-70%	resistance	of	Staphylococcus	aureus	to	all	penicillins	
and	cephalosporins	

Drug	resistance	evolu)on	costs	about	50	Billion	$	a	year	in	USA	alone.	
We	are	pugng	less	than	1%	of	the	money	that	we	put	into	drug	discovery	into	
research	on	how	to	make	these	drugs	more	sustainable	in	the	face	of	evolu)on.		

1.	Forms	of	resistance:	Resistance	to	vaccine	

6	

Step-wise	evolu)on	of	virulence	of	Marek’s	disease	virus	
(MDV).	Rela)onship	between	the	virulence	increase	and	
the	introduc)on	of	different	vaccines	is	shown.	HVT,	
herpes	virus	of	turkeys;	bivalent,	HVT	and	serotype	2	
(SB-1)	vaccines;	Rispens,	CVI988	strain.	

year	

Con)nuum	of	MDV	virulence.	
Comparison	of	the	virulence	ranks	of	
MDV	isolates,	grouped	into	vMDV,	
vvMDV	or	vv+MDV	pathotypes.	

Nair	2005.	The	Veterinary	Journal	

1.	Forms	of	resistance:	resistance	to	diagnos)c	test	
New	variant	of	Chlamydia	trachoma9s	

Chlamydia	trachoma9s	is	an	obligate	intracellular	pathogen	and	can	
cause	severe	infec)ons	in	humans	(urethri)s,	proc))s	(rectal	disease		
and	bleeding),	trachoma,	infer)lity).	It	is	mostly	sexually	transmi9ed.			
	
A	new	variant	of	C.	trachoma9s	(nvCT)	was	discovered	in	Sweden	in	2006	that	had	a	
377-bp	dele9on	in	a	plasmid.	The	deleted	area	included	the	target	sequence	used	by	
gene)c	tests	for	C.	trachoma9s	manufactured	by	two	commercial	companies,	Abbo9	
m2000	(Abbo9)	and	Amplicor/TaqMan48	(Roche).	This	dele)on	resulted	in	several	
thousand	false-nega)ve	results,	and	the	propor)on	of	nvCT	recorded	was	between	
20%	and	64%	in	swedish	coun)es	using	test	systems	that	were	unable	to	detect	nvCT	
in	2006/2007.		
	
A	different	gene)c	test	used	in	Sweden,	was	the	ProbeTec	system	from	Becton	
Dickinson	(BD).	This	system	has	always	been	able	to	detect	nvCT,	because	another	
target	region	on	the	cryp)c	plasmid	is	used.	The	propor)on	of	nvCT	in	coun)es	using	
BD	was	between	7%	and	19%	during	the	same	)me	period.	
	
The	muta)on	which	had	lead	to	the	377	bp	dele)on	was	adap)ve	for	the	bacterium,	
as	it	escaped	detec)on	and	therefore	treatment.	In	swedish	coun)es	where	
diagnos)c	tests	failed	to	detect	nvCT,	prevalence	increased	dras)cally.			

Klint	et	al	2010.	Clinical	Microbiol	&	Infec9on	

1.	Forms	of	resistance:	resistance	to	diagnos)c	test	
New	variant	of	Chlamydia	trachoma9s	

%	nvCT	

year	
2007	 2008	 2009	

Counties 
using always 

BD test. 

Counties using 
only since end 
2007 BD tests. 

Aser	the	non-func)onal	tests	
were	replaced	in	late	2007	by	
new	tests	(Becton	Dickinson	
=BD)		the	incidence	of	nvCT	
declined.		



2.	Gene)c	mechanisms	leading	to	drug	resistance	
Point	muta)ons	

9	

Muta)ons	leading	to	resistance	to	drugs	used	against	Plasmodium.		

Modified	from:			h9p://www.tulane.edu/~wiser/protozoology/notes/drugs.html	

2.	Gene)c	mechanisms	leading	to	drug	resistance	
Point	muta)ons	
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Typical	molecular	mechanisms	of	resistance:	

•  Altera)on,	circumven)on	of	target	protein	

•  Overexpression	of	target	protein	
•  Degrada)on	of	drug	
•  Efflux	pumps	

•  Changing	permeability	

Evolu)onary	theory	can	predict	that	evol.	of	drug	resistance	will	occur,	
but	cannot	predict	the	nature	of	the	resistance	mechanism.	

2.	Gene)c	mechanisms	leading	to	drug	resistance	
Copy	number	varia)on	

Nair	et	al.	2008.	PLoS	Gene)cs	

Laos:	
Fansidar	hardly	
used	un)l	2006	

Thailand:	
Fansidar	used	

intensively	since	
1970	

Increased	copy	number	of	
the	gch	gene	increases	
resistance	against	Fansidar.	

2.	Gene)c	mechanisms	leading	to	drug	resistance	
Gene)c	recombina)on	

12	

Gene)c	recombina)on	allows	the	new	combina)on	of	muta)ons	from	different	
individuals.	It	is	detectable	by	the	absence	of	congruence	in	gene	trees.		

Many	viruses	undergo	frequent	recombina)on	(osen	called	re-assortment)	
	e.g.	HIV,	Influenza	A	

	
High	recombina)on	rates:	no	clonal	structure	detectable	

	e.g.	Neisseria	gonorrhoeae,	Helicobacter	pylori	
		

Intermediate	recombina)on	rates:	clonal	structure	detectable	
	e.g.	Neisseria	meningi9dis,	Staphylococcus	aureus,	Streptococcus	pyogenes,		
	Strep.	pneumoniae	

	
No/Very	low	rates	of	recombina)on:	clonal	structure	long	las)ng				

	e.g.	Salmonella	enterica 				

Feil	et	al.	2001.	PNAS	



2.	Gene)c	mechanisms	leading	to	drug	resistance	
Horizontal	gene	transfer	
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Resistance	to	vancomycin	was	first	reported	in	1988	for	Enterococcus	faecium.	
Resistance	is	mediated	by	Tn1546	a	mobile	gene)c	elements.	
	
High	level	vancomycin	resistance	appeared	10	years	later	in	Staphylococcus	aureus.	
Gene)c	analyses	suggests	the	transfer	of	vancomycin	resistance	to	a	methicillin-
resistant	S.	aureus	occurred	in	vivo	by	transfer	of	Tn1546	from	Enterococcus.	

The	plasmid	
pLW1043	with	the	
inser)on	site	and	
gene9c	element	of	
Tn1546	(inner	circle	
in	light	green).	

9	genes	are	encoded	on	the	Tn1546	transposon.	The	
van	genes	provide	high	level	vancomycin	resistance:	
ORF1	and	ORF2	are	transposase	and	resolvase	
enzymes,	respec)vely,	required	for	mobiliza)on	of	
the	transposon.	

3.	Does	evolu)on	of	resistance	always	occur?	

14	From	J.	Antonovics	et	al.	(unpublished	manuscript).	

Plasmodium	falciparum	developed	resistance	to	chloroquine		in	the	1950s.		P.	vivax	
did	not	evolve	resistance	to	chloroquine	un)l	40	years	later	in	spite	of	extensive	use.	

Penicillin	has	been	an	an)bio)c	against	Treponema	
pallidum,	the	bacterium	causing	syphilis,	for	over	60	
years,	but	there	is	no	record	that	the	bacterium	has	
evolved	penicillin	resistance.	It	has	however	evolved	
resistance	to	other	more	recently	introduced	an)bio)cs.		

While	Treponema	lacks	genes	for	the	classical	β-lactamases	that	
give	penicillin	resistance	in	other	bacteria,	it	does	have	a	protein,	
Tp47,	that	cleaves	penicillin,	but	it	is	ineffec)ve	because	the	
products	of	this	cleavage	inhibit	further	enzyme	ac)vity	(Cha	et	al.	
2004).	Why	Treponema	has	not	acquired	muta)ons	to	avoid	such	
end-product	inhibi)on	remains	a	mystery,	even	more	so	as	the	
domain	that	is	inhibited	is	not	the	ac)ve	cleavage	site.		

Smallpox	was	an	infec)ous	disease	unique	to	humans,	
caused	by	Variola	major	and	Variola	minor.	In	the	
1970s	it	was	eradicated	with	the	help	of	a	worldwide	
vaccina)on	campaign.		

There	seem	to	be	limits	to	evolu)on!!!		

3.	Does	evolu)on	of	resistance	always	occur?	

Smallpox	is	one	of	two	infec)ous	diseases	to	have	been	
eradicated,	the	other	being	rinderpest,	which	was	
declared	eradicated	in	2011.	Neither	virus	evolved	to	
overcome	the	vaccine.		

4.	How	do	parasites	evolve	resistance?	

Emergence 
First appearance of 
resistant genotype 
in focal population 

Establishment 
Rise of resistant 
genotype beyond 
danger of immediate 
extinction 

Increase 
Increase of resistant 
genotype to high 
levels in population 

Equilibrium (extinction) 
Extinction of sensitive wild-
type strain 

Equilibrium (coexistence) 
Long-term coexistence of 
resistant and wild-type 
strains 

Stochastic process︎
Depends on 
mutation (and 
immigration) rate 
and population size. 
Because of rareness 
it is sensitive to 
chance extinction. ︎

Stochastic process︎
Depends on 
selection coefficient, 
and effective 
population size. The 
smaller the selective 
advantage and the 
smaller the 
population size the 
more likely chance 
extinction may 
result. ︎

Deterministic process︎
Depends predominantly 
on selection coefficient. 
Once the frequency is 
out of the “danger 
zone” (i.e. the 
genotype is frequent 
enough) it will spread 
due to selection. ︎ Deterministic process︎

Depends on various 
factors, such as costs 
of resistance, 
alternative resistance 
mechanisms, migration, 
etc. ︎

Deterministic process︎
Depends on selection 
coefficient, and effective 
population size. Faster 
with stronger selection 
and smaller pop. size. ︎

Modified	aser	zur	Wiesch	et	al.	2011.	Lancet	Infect.	Dis.		

Strong immigration 
may bypass the 
Emergence and 
establishment phase︎



4.	How	do	parasites	evolve	resistance?	

Emergence 
First appearance of 
resistant genotype 
in focal population 

Stochastic process︎
Depends on 
mutation (and 
immigration) rate 
and population size. 
Because of rareness 
it is sensitive to 
chance extinction. ︎

Resistant	genotypes	are	a	result	of	
1.   Muta9on	(most	common,	e.g.	M.	tuberculosis),		
2.   recombina9on	(in	some	viruses,	e.g.	Influenza)	or		
3.   horizontal	gene	transfer	(e.g.	S.	aureus)	

Emergence	of	resistance	depends	on	the	rates	with	which	resistant	
genotypes	are	produced	and	on	the	popula)on	size	of	the	pathogen.	

Muta9on	
rates*	

Popula9on	size	

HIV	 3.5	x	10-5	 107	–	108	inf.	cells	

Influenza	 1	x	10-5	 4	x	108	target	cells	

Mycobacterium	tuberculosis	 10-6	-	10-8	 108	-	109		

Stapylococcus	aureus	 10-6	-	10-10	 5	x	107	-	4	x	1010		

Plasmodium	falciparum	 10-11	-	10-20	 108	-	109	(1012	-	1013	
lethal	malaria)		

*	Rate	of	acquiring	resistance	per	replica)on	Modified	aser	zur	Wiesch	et	al.	2011.	Lancet	Infect.	Dis.		

4.	How	do	parasites	evolve	resistance?	

•  Selec)on	coefficients,	s,	are	osen	high	(>	0.1)														
(s	=	0.1	is	a	fitness	advantage	about	10%).	

•  Popula)on	sizes	are	osen	high	enough	to	exclude	
gene)c	dris,	except	in	macroparasites.	

Establishment	of	a	new	resistant	genotype	depends	on	its	fitness	advantage	
(selec)on	coefficient)	and	on	the	popula)on	size	of	the	pathogen.	

Establishment 
Rise of resistant 
genotype beyond 
danger of immediate 
extinction 

Stochastic process︎
Depends on 
selection coefficient, 
and effective 
population size. The 
smaller the selective 
advantage and the 
smaller the 
population size the 
more likely chance 
extinction may 
result. ︎

Many	beneficial	muta)ons	are	lost	by	chance,	since	mutant	
individuals	may	by	chance	fail	to	reproduce.	
	
Haldane	(1927)	calculated	that	a	beneficial	mutant	in	a	large	
popula)on	(no	stochas)c	effects)	has	on	average	chance	to	
escape	being	lost	of	about	2s,	where	s	is	the	selec)on	coefficient	
(this	is	an	approxima)on).		
Example:	
s	=	0.1,		2s	=	0.2		means	that	20%	of	mutant	make	it	(80%	are	lost)	
s	=	0.2,		2s	=	0.4			40%	of	mutants	make	it,	60%	are	lost.	
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4.	How	do	parasites	evolve	resistance?	

Frequency	
of	
the	

favoured	
mutant	
gene	

s=0.5	

s=0.25	
s=0.1	

s=0.05	

s=0	

The	selec)on	coefficient,	s,	has	two	meanings:	
1.  The	stronger	the	effect	of	a	mutant	(higher	s)	for	the	drug	exposed	carrier,	the	quicker	

the	mutant	will	spread.	
2.  The	stronger	selec)on	(intensity	of	selec)on),	the	quicker	the	mutant	will	spread.	A	

rarely	used	drugs	will	not	select	for	rapid	spread	of	resistance	mutants.		

Increase 
Increase of resistant 
genotype to high 
levels in population 

Deterministic process︎
Depends predominantly 
on selection coefficient. 
Once the frequency is 
out of the “danger 
zone” (i.e. the 
genotype is frequent 
enough) it will spread 
due to selection. ︎

Strong immigration 
may bypass the 
Emergence and 
establishment phase︎

Once	the	frequency	of	a	mutant	is	high	enough	to	escape	
stochas)c	processes,	it	will	spread	due	to	selec)on.	

4.	How	do	parasites	evolve	resistance?	

Equilibrium (extinction) 
Extinction of sensitive wild-
type strain 

Deterministic process︎
Depends on selection 
coefficient, and effective 
population size. Faster 
with stronger selection 
and smaller pop. size. ︎
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of	
the	

favoured	
mutant	
gene	

s=0.5	

s=0.25	
s=0.1	

s=0.05	

s=0	

Under	strong	ongoing	selec)on	the	mutant	will	replace	the	wild	type.	

Ex)nc)on	of	drug	sensi)ve	wild	types	has	never	been	observed.	
A	drug	is	considered	useless	much	before	this	level	is	reached.		



4.	How	do	parasites	evolve	resistance?	

Equilibrium (coexistence) 
Long-term coexistence of 
resistant and wild-type 
strains 

Deterministic process︎
Depends on various 
factors, such as costs 
of resistance, 
alternative resistance 
mechanisms, migration, 
etc. ︎

Resistant	and	drug	sensi)ve	forms	of	pathogens	and	parasites	are	
likely	to	coexist	for	a	number	of	reasons.	

•  Costs	of	resistance.	
•  Imperfect	usage	of	drugs.	
•  Spa)al	varia)on	in	drug	usage	and	migra)on.		
•  Different	ways	to	evolve	resistance.	

4.	How	do	parasites	evolve	resistance?	

Emergence 
First appearance of 
resistant genotype 
in focal population 

Establishment 
Rise of resistant 
genotype beyond 
danger of immediate 
extinction 

Increase 
Increase of resistant 
genotype to high 
levels in population 

Equilibrium (extinction) 
Extinction of sensitive wild-
type strain 

Equilibrium (coexistence) 
Long-term coexistence of 
resistant and wild-type 
strains 

•  muta)on	rate	
•  popula)on	size	

•  selec)on	coefficient	
•  popula)on	size	

•  selec)on	coefficient	
•  intensity	of	selec)on	
•  )me	
•  immigra)on/transmission	

5.	Resistance	acquisi)on	
Within	and	between	host	processes	of	drug	resistance	

23	

The	first	)me	a	parasite/pathogen	evolves	resistance	it	arises	de	novo.	
However,	later	it	may	be	acquired	by	transmission	of	the	resistant	
strain	to	other	hosts.	The	degree	to	which	resistance	evolves	de	novo	
over	and	over	again	or	is	acquired	through	transmission	varies	strongly	
among	parasites.		

Resistance	evolves	osen	de	novo:	HIV,	M.	tuberculosis	
Resistance	is	osen	acquired	by	host	to	host	transmission:	malaria	

For	understanding	the	evolu)on	of	drug	resistance	and	what	we	can	
do	against	it,	this	dis)nc)on	can	be	very	important.	Acquired	
resistance	through	transmission	offers	addi)onal	op)ons	to	reduce	
the	likelihood	for	spreading	of	drug	resistance.	E.g.	minimize	
transmission	from	treated	pa)ents.	

5.	Resistance	acquisi)on	
Within	and	between	host	processes	of	drug	resistance	

24	

Mul)ple	Origins	and	Regional	Dispersal	of	Resistant	dhps	in	Plasmodium	falciparum	
Malaria.	5	independent	“de-novo”	origins	of	an)folate	resistance	muta)ons	in	the	
dihydropteroate	synthase	(dhps)	gene	with	unique	geographical	distrribu)ons.	

Pearce	et	al.	(2009)	PLoS	Medicine		

sulfadoxine-resistance	



6.	Can	we	stop	the	evolu)on	of	
drug	resistance?		

	
No,	but	maybe	we	can	slow	it	down!	

	
The	science	of	“evolu9on-proofing”!	

	

Resistance	varies	in	space	and	9me		
	
Spa)al	and	temporal	varia)on	in	levels	of	drug	resistance	tes)fies	that	drug	resistance	
works	by	local	adapta9on.	By	studying	local	differences	we	can	learn	about	the	
factors	which	might	promote	or	slow	down	drug	resistance	evolu9on.	Understanding	
these	factors	is	difficult.		
It	also	shows	that	solu)ons	to	the	problem	are	not	global,	but	can	be	implemented	
locally.	On	the	posi)ve	side,	despite	of	global	traffic	and	migra)on,	local	solu)ons	
have	been	shown	to	be	highly	effec)ve.		

6.	Can	we	stop	the	evolu)on	of	drug	resistance?		

Emergence 
First appearance of 
resistant genotype 
in focal population 

Establishment 
Rise of resistant 
genotype beyond 
danger of immediate 
extinction 

Increase 
Increase of resistant 
genotype to high 
levels in population 

Equilibrium (extinction) 
Extinction of sensitive wild-
type strain 

Equilibrium (coexistence) 
Long-term coexistence of 
resistant and wild-type 
strains 

•  muta)on	rate	
•  popula)on	size	

•  popula)on	size	
•  selec)on	coefficient	

•  selec)on	coefficient	
•  intensity	of	selec)on	
•  )me	
•  immigra)on/transmission	

Reduce	popula)on	size!	

Reduce	intensity	of	selec)on!	

Reduce	transmission!	

Reduce	selec)on	coefficient!	

6.	Can	we	stop	the	evolu)on	of	drug	resistance?	
	Use	less	drugs	

Reduc
e	inten

sity	of
	selec)

on!	

The	less	drugs	are	used,	the	
lower	the	intensity	of	

selec)on.	
	

Penicillin	resistance	of	
Streptococcus	pneumoniae	
(causes	pneumonia	and	

bacterial	meningi)s)	is	highest	
were	it	is	most	osen	used	

WHO	Policy	Perspec)ves	on	Medicines,	No.	010,	April	2005	
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6.	Can	we	stop	the	evolu)on	of	drug	resistance?	
	Use	less	drugs	

							Total	an9bio9c	use	(DDD/1000	popula9on/day)	by	country									
						

Reduc
e	inten
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Examples	of	fluoroquinolone*	concentra)ons	in	various	environments	

*	Fluoroquinolones	are	broad-spectrum	an)bio)cs	(effec)ve	for	both	gram-nega)ve	and	gram-posi)ve	bacteria)	that	
play	an	important	role	in	treatment	of	serious	bacterial	infec)ons,	especially	hospital-acquired	infec)ons	and	others	
in	which	resistance	to	older	an)bacterial	classes	is	suspected.	

6.	Can	we	stop	the	evolu)on	of	drug	resistance?	
	Use	less	drugs:	mixing	and	cycling	of	drugs	
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When	using	different	drugs	against	the	same	parasite	the	intensity	of	
selec)on	by	each	drug	is	reduced.	Two	methods	were	suggested	to	
increase	the	environmental	heterogeneity	for	the	parasite:	
	
Cycling:	the	scheduled	changes	of	the	predominant	drug	in	a	hospital	
(e.g.	weekly	or	monthly	altera)ons)	
	
Mixing:	assignment	of	consecu)ve	pa)ents	to	different	drugs.		
	
Mixing	produces	heterogeneity	on	a	finer	scale	and	was	therefore	
suggested	to	be	the	be9er	method	for	endemic	parasites.	For	epidemic	
parasites	(e.g.	influenza)	cycling	may	be	be9er.	However,	mathema)cal	
models	are	not	fully	worked	out	and	good	empirical	data	are	scarce.			
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6. Can we stop the evolution of drug resistance? 
 Reduce	popula)on	size 

Reduce
	popula
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The	likelihood	of	beneficial	mutants	arising	is	propor)onal	to	the	
parasite	popula)on	size.	Reducing	the	popula)on	size	fast	and	to	
very	low	levels	slows	down	the	evolu)on	of	drug	resistance.	This	is	
in	par)cular	important	in	cases	of	de-novo	evolu)on	of	resistance.		
	
Hit-hard:	A	high	drug	dose	will	reduce	the	parasite	popula)on	fast	
and	to	very	deep	level.	Sub-op)mal	drug	dosages	reduce	popula)on	
size	not	fast	and	strong	enough	and	may	allow	the	outgrowth	of	
resistant	mutants.		
	
Non-adherence:	Missing	a	dose	of	the	drug	can	lead	to	higher	
popula)on	sizes	and	faster	evo.	of	resistance,	especially	early	in	
treatment.	It	is	therefore	important	to	follow	the	recommended	
treatment	interval	and	treatment	dura)on.	
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6. Can we stop the evolution of drug resistance? 
 Combina)on	therapy 

If	resistance	to	two	(or	more)	drugs	is	acquired	independently,	
combina)on	therapy	decreases	the	probability	of	de-novo	
acquisi)on	of	resistance,	because	of	pathogen	with	two	(or	more)	
appropriate	muta)ons	is	unlikely	to	exist	in	the	ini)al	popula)on	
and	unlikely	to	arise	spontaneously.	It	is	important	that	the	
different	drugs	act	at	the	same	)me	and	the	same	loca)ons.			
	
Combina)on	therapy	is	recommend	as		
the	standard	treatment	for	tuberculosis,		
HIV	and	malaria.	
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Combina)on	therapy	does	not	alter	muta)on	rates,	but	reduces	the	rela)ve	
beneficial	effect	of	muta)ons	that	provide	a	benefit	to	only	one	of	the	drugs.		

6.	Can	we	stop	the	evolu)on	of	drug	resistance?	
Specific	sugges)ons	for	specific	cases		
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2	examples:	
	
Plasmodium	(causing	malaria)	is	osen	controlled		
by	killing	its	vector.	Plasmodium	takes	a	long	)me		
to	complete	its	vector	stage	part	of	the	life	cycle.	
Thus,	only	old	mosquitos	can	transmit	malaria.	If	we	target	old	
mosquitos	with	drugs	or	insec)cides	the	chances	that	
resistance	evolves	is	strongly	reduced.	This	is	because	the	
force	of	selec)on	is	weak	in	old	organisms.		
	
Use	biological	control	to	reduce	vectors.	The	control	agent	will	
co-evolve	with	the	vector	and	remain	effec)ve.		

7. Costs of drug resistance 

If	mutants	conferring	drug	resistance	produce	a	cost	for	the	parasite	(cost	of	
resistance),	the	frequency	of	these	muta)ons	is	expected	to	decline	aser	the	
drug	is	not	used	anymore.	This	was	the	case	in	Malawi	aser	chloroquine	(CQ)	
was	replaced	by	sulphadoxine/pyrimethamine	as	first	line	drug	in	1993.	
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(Kublin	et	al.,	2003)		

(Mita	et	al.,	2003)	

These	2	studies	suggest	
that	the	pfcrt	K76T	
muta)on	is	about	5%	less	
fit	than	the	normal	types	
(assuming	five	malaria	
genera)ons	per	year,	and	
that	no	parasite	migra)on	
was	occurring	(Has)ngs	&	
Donnelly	2005)	

Note:	It	is	unclear	if	this	is	generally	like	this.	There	are	hardly	data	on	costs	
of	resistance	in	other	cases.		



Summing	up	

1.  Evolu)on	of	drug	/	vaccine	/	diagnos)cs	resistance	is	based	
on	natural	selec)on	on	the	parasite/pathogen	popula)on.	It	
is	an	adap)ve	process.			

2.  Resistance	varies	geographically	sugges)ng	local	adapta)on.		
3.  There	is	some	evidence	for	a	cost	of	resistance.	
4.  We	cannot	prevent	the	evolu)on	of	resistance,	but	we	may	

slow	it	down.	The	crucial	popula)on	gene)c	mechanisms	to	
be	applied	are	reducing	popula)on	size,	reducing	selec)on	
intensity	and	reducing	selec)on	coefficients.				

5.  Imperfect	vaccines	may	cause	evolu)on	of	higher	virulence.			

Evolu)on
-proofing

	safes	life
!	

38	

Download	at:	
h9p://www.who.int/pa)entsafety/
implementa)on/amr/publica)on/en/index.html	

Publica9on	date:	2012	
Languages:	English	
ISBN:	978	92	4	1503181	

Zur	Wiesch	et	al.	2011.		Lancet	Infect.	Dis.		Vol.11:236-247.	

Further	reading	


