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Introduction
Highly-active	antiretroviral	therapy	(HAART)	has	significantly	decreased	
mortality	and	morbidity	among	people	with	HIV	 type	1	 (HIV-1)	 infec-
tion1-6	and	 is	associated	with	a	significant	 recovery	of	 the	compromised	
immune	function.7,8	However,	these	benefits	can	be	adversely	affected	by	
the	development	of	drug-resistant	forms	of	the	virus.	

Drug	resistance	is	classified	into	categories	of	primary	or	secondary	drug	
resistance.	Secondary	drug	resistance	refers	to	resistance	that	develops	in	
individuals	already	receiving	treatment.	Primary	drug	resistance	is	resist-
ance	observed	in	treatment-naive	individuals	with	newly	diagnosed	HIV	
infection,	in	whom	resistance	is	presumably	due	to	the	transmission	of	a	
drug-resistant	variant	of	HIV-1.	Both	types	of	drug	resistance	limit	strat-
egies	 for	 antiretroviral	 therapy	 (ART),	 have	 important	 implications	 for	
HIV-related	morbidity	and	mortality,	and	may	result	in	increased	health	
care	 costs.9-14	The	 emergence	 of	 drug	 resistance	 in	 treated	 populations	
(antiretroviral	treatment-experienced	patients)	and	transmission	of	drug-
resistant	strains	to	newly	infected	individuals	are	important	public	health	
concerns	in	the	prevention	and	control	of	HIV.15	

This	Epi Update	provides	a	summary	of	primary	HIV	drug	resistance	in	
Canada	 and	 in	 other	 developed	 countries	 and	 includes	 an	 overview	 of	
data	from	the	Canadian	Strain	and	Drug	Resistance	Surveillance	(SDR)	
program,	 a	 collaboration	 between	 the	 provinces	 and	 the	 Public	Health	
Agency	of	Canada	(the	Surveillance	and	Risk	Assessment	Division	and	
the	National	HIV	and	Retrovirology	Laboratories).		Note	that	additional,	
more	detailed,	 information	 from	 the	SDR	program	will	 be	 available	 in	
the	 next	 edition	 of	 the	 report	 entitled	HIV-1 Strain and Primary Drug 
Resistance in Canada	(with	anticipated	publication	in	the	fall	of	2010;	the	
current	edition	of	this	report	was	published	in	200616).	

Evolution	of	Drug	Resistance	
ART	 is	directed	 toward	 inhibition	of	vital	 steps	 in	 the	 life	cycle	of	 the	
virus.	The	most	commonly	used	drugs	used	in	ART	target	the	reverse	tran-
scriptase	(RT)	and	protease	enzymes.	Drug	resistance	largely	results	from	
changes	(mutations)	in	the	genetic	material	that	code	for	these	enzymes,	
rendering	ART	less	effective.	Although	newer	classes	of	drugs	are	avail-
able,	the	most	commonly	used	drugs	approved	for	the	treatment	of	HIV	
infection	fall	into	three	classes:	nucleoside	reverse	transcriptase	inhibitors	
(NRTIs),	 non-nucleoside	 reverse	 transcriptase	 inhibitors	 (NNRTIs)	 and	
protease	inhibitors	(PIs).	

At a Glance
  The Canadian HIV Strain 

and Drug Resistance  
Surveillance Program  
(SDR program) monitors 
and  assesses HIV strains 
and the transmission 
of HIV drug resistance 
among individuals with 
newly diagnosed and not 
yet treated HIV infection  
in Canada.

  Preliminary observations 
from the SDR program 
of HIV drug resistance 
among treatment-naive 
individuals with newly 
diagnosed HIV infection in 
Canada (i.e. primary drug 
resistance) are as follows:

 - The overall prevalence of 
primary drug resistance to 
at least one antiretroviral 
drug is 9%.

 - The overall prevalence  
of multidrug resistance  
to two or more classes  
of antiretroviral drugs is 
approximately 1%.

  Available data suggest 
that the prevalence of 
primary drug resistance in 
Canada is similar to that 
observed in other devel-
oped countries where 
highly active antiretroviral 
treatment is widely used. 
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Table 1.   Distribution of primary drug resistance among treatment-naive individuals with 
newly diagnosed infection (1996-December 2008)

Frequency Percentage 

Wild type* 3,781 91.0

NRTI** 150 3.6

NNRTI† 108 2.6

PI‡ 78 1.9

NNRTI/NRTI 20 0.5

PI/NNRTI 6 0.1

PI/NRTI 9 0.2

PI/NNRTI/NRTI 5 0.1

TOTAL 4,157 100.0

*Wild type includes polymorphisms and minor mutations in the protease gene not associated with drug resistance.
**Refers to nucleoside reverse transcriptase inhibitors.
†Refers to non-nucleoside reverse transcriptase inhibitors.
‡Refers to protease inhibitors.
Note: 1- Included in the analysis, data from participating provinces in the SDR program: BC, AB, SK, MB, ON and NS.
2- Quebec drug resistance data are not included in the analysis but will be included in the next edition of the report entitled HIV-1 Strain 
and Primary Drug Resistance in Canada (with anticipated publication in the fall of 2010).
Data source: Public Health Agency of Canada. Unpublished data to the end of 2008 from the Canadian HIV Strain and Drug Resistance 
Surveillance Program. Ottawa: Surveillance and Risk Assessment Division, Centre for Infectious Disease Prevention and Control, Public 
Health Agency of Canada. 

Primary HIV Antiretroviral Drug Resistance in Canada

The	 HIV	 virus	 is	 constantly	 changing,	 and	mutations	
in	 the	 virus’s	 genetic	material	 occur	 on	 a	 daily	 basis.		
Most	mutations	do	not	result	in	the	development	of	drug	
	resistance,	as	they	are	lethal,	reduce	fitness,	or	even	if	not	
affecting	viral	growth,	occur	at	sites	that	are	not	targeted	
by	ART.	However,	under	conditions	in	which	treatment	
does	not	completely	inhibit	viral	replication,	a	virus	with	
drug-resistant	mutations	may	begin	 to	 thrive,	 resulting	
in	 treatment	 failure.	For	some	drugs	 in	particular	 (e.g.	
NNRTIs),	 a	 single	mutation	may	be	 associated	with	 a	
high	level	of	resistance	to	drugs	from	that	same	class.		

Methods	to	Identify	Drug	Resistance	
Genotypic	tests	identify	mutations	in	the	viral	genetic	
material	through	sequencing	the	viral	genes	of	interest.	
By	comparing	the	generated	sequences	with	databases	
containing	 resistance-conferring	 mutations,	 the	 pres-
ence	or	absence	of	drug	resistance	can	be	determined.	

Phenotypic	tests	assess	growth	of	a	virus	containing	the	
genes	of	interest	in	the	presence	of	drugs	against	which	
resistance	is	being	determined.	This	test	is	similar	in	con-
cept	to	antibiotic-resistance	testing	in	bacterial	culture.	

Drug	Resistance	in		
Untreated	Individuals	
(Primary	Drug	Resistance)
Mutations	associated	with	drug	resistance	in	individuals	
with	newly	diagnosed	but	untreated	infection	is	thought	
to	 be	 the	 result	 of	 the	 transmission	 of	 a	 drug-resistant	
virus	from	a	treated	individual	or	from	other	treatment-
naive	 individuals	 (onward	 transmission).17-19	 Several	
studies	from	Europe	and	the	United	States	have	reported	
mutations	associated	with	drug	resistance	ranging	from	
as	low	as	3.8%	to	as	much	as	20%	and	higher	in	untreat-
ed,	early	or	acute	HIV-1	infections.20-26		

Primary drug resistance in Canada 
Cumulative	results	from	the	available	data	of	the	SDR	
program	show	 that	 the	overall	prevalence	of	primary	
drug	 resistance	 to	 at	 least	 one	 antiretroviral	 drug	 is		
9%	(see	Table	1	for	primary	drug	resistance	results	by	
drug	class).	

Regarding	 the	 time	 of	 infection,	 SDR	 program	 data	
reveal	 that	 to	date	 the	proportion	of	primary	drug	re-
sistance	among	recent	infections	is	higher	than	among	
established	 infections.16,27	 This	 is	 consistent	 with	 the	
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findings	of	most27-30		but	not	all	studies,31,32	which	report	
a	higher	prevalence	of	primary	drug	resistance	among	
recently	 infected	 individuals	 relative	 to	 individuals	
with	untreated	and	chronic	HIV-1	infection.

More	detailed	information	and	analysis	will	be	avail-
able	 in	 the	 next	 edition	 of	 the	 report	 entitled	HIV-1 
Strain and Primary Drug Resistance in Canada.

Summary	of	Key	Studies		
on	the	Prevalence	of	Primary		
Drug	Resistance
This	section	summarizes	findings	regarding	the	preva-
lence	of	primary	drug	resistance	in	individuals	not	yet	
treated	(treatment-naive	patients)	in	North	America	and	
in	Western	Europe.

Primary drug resistance in Canada
Data	collected	during	the	periods	1996-1998	and	1997-
2005	 from	different	cohorts	 in	Canada	have	shown	a	
prevalence	of	primary	drug	resistance	ranging	from	2%	
to	8%.33-35	In	a	study	of	drug	resistance	in	newly	HIV-1	
infected	individuals	in	Montreal	over	the	period	1996-
2003,	the	prevalence	of	drug	resistance	among	recently	
infected	patients	decreased	from	13%	in	1997-2000	to	
4.0%	in	2001-2003.36

Data	collected	through	the	SDR	program	assessed	the	
regional	 variation	 in	 HIV	 strain	 and	 drug	 resistance	
from	treatment-naive	individuals	whose	infection	was	
diagnosed	in	2004.	Sequence	information	was	obtained	
from	 537	 serum	 samples.	 Overall,	 the	 prevalence	 of	
drug	 resistance	was	9.7%;	however,	 the	 range	varied	
from	 5.6%	 to	 18.4%	 among	 provinces.37	 An	 earlier	
analysis	of	data	from	this	program	found	that	the	prev-
alence	 of	 primary	 drug	 resistance	was	 higher	 among	
Caucasian	men	who	have	sex	with	men	and	higher	in	
recent	than	in	established	infections.27

A	recent	 study	by	Tossonian	et	al.38	 found	 the	preva-
lence	of	primary	HIV	drug	resistance	to	be	4.7%	in	a	
population	of	treatment-naive	individuals	who	injected	
drugs	and	attended	a	community	health	centre	in	Van-
couver.	The	 prevalence	 of	 resistance	 to	 various	 drug	
classes	 in	 this	 population	was	3.1%	 for	NNRTIs	 and	
1.6%	for	NRTIs,	and	there	were	no	cases	of	resistance	
to	PIs	or	of	multidrug	resistance.38

Primary drug resistance in the  
United States
Different	estimates	of	the	prevalence	of	primary	drug	
resistance	 in	 the	 United	 States	 have	 been	 reported.	
Overall,	 the	 prevalence	 among	 treatment-naive	 indi-
viduals	recently	or	chronically	infected	varied	from	as	

low	as	7%	to	as	much	as	27.3%,	depending	on	the	char-
acteristics	of	the	population	studied,	study	design,	sam-
pling	strategies,	methods	and	criteria	used	to	score	the	
transmission	of	a	resistant	virus,	survey	period	and	geo-
graphic	region.20-22,26,39-43		For	example,	studies	in	the	last	
decade	have	reported	high	prevalence	rates	of	primary	
drug	resistance	in	San	Diego	(25%)44	and	in	New	York	
City	 (24.1%).45	Other	 recent	 studies	 in	 the	US	 among	
different	risk	groups	have	also	found	a	high	prevalence	
of	primary	drug	resistance,	which	varied	between	11.6%	
and	18%.29,41,42,46-48		A	more	recent	study	by	Hurt	et	al.49	
found	a	prevalence	of	17.8%	of	primary	drug	resistance	
in	 North	 Carolina	 patients	 with	 acute	 or	 recent	 HIV	
infections	 diagnosed	 between	 1998	 and	 2007.	NNRTI	
mutations	were	detected	in	9.5%	of	the	people	infected,	
NRTIs	in	7.5%	and	PIs	in	3.2%	of	persons.	

Primary drug resistance in  
western Europe
Overall,	studies	conducted	in	western	European	coun-
tries	have	shown	variation	in	the	reported	prevalence	of	
primary	drug	resistance,	in	line	with	some	North	Amer-
ican	reports.	This	variation	reflects	the	heterogeneity	of	
the	study	design,	the	demographic	characteristics	of	the	
population	and	resistance	detection	methodology.

Findings	 from	 two	 large	 multicentre	 studies	 suggest	
that	the	prevalence	of	primary	drug	resistance	in	west-
ern	Europe	from	1996	to	2003	was	approximately	10%	
among	recently	or	chronically	infected	individuals,	and	
the	prevalence	of	 resistance	varied	according	 to	drug	
class.	In	addition,	a	higher	prevalence	of	primary	drug	
resistance	 was	 reported	 in	 people	 infected	 with	 sub-
type	B	virus	 than	 in	people	 infected	with	non-B	sub-
types.28,50,51

A	 number	 of	 studies	 have	 found	 prevalence	 rates	 of	
less	than	10%.	Between	2002	and	2005,	the	SPREAD	
(Strategy	 to	 Control	 SPREAD	 of	 HIV	 Drug	 Resist-
ance)	Programme52	examined	2,793	patients	with	new-
ly	diagnosed	HIV-1	infection	in	20	European	countries	
and	in	Israel,	and	found	an	overall	prevalence	of	pri-
mary	 drug	 resistance	 of	 8.4%.	 NRTI	 resistance	 was	
present	 in	5%	of	patients,	whereas	2%	had	resistance	
to	 NNRTIs	 and	 3%	were	 resistant	 to	 PIs.	A	 10-year	
study	(1996-2005)	in	Switzerland	found	rates	of	7.7%	
for	any	drug,	5.5%	for	NRTIs,	1.9%	for	NNRTIs	and	
2.7%	for	PIs.53	Multiple	drug	resistance	was	observed	
in	2%	of	patients.	A	number	of	other	studies	conducted	
in	 western	 European	 countries,	 including	 the	 United	
Kingdom,	Germany,	Portugal,	Belgium,	 Italy,	 France	
and	Luxembourg,	have	found	prevalence	rates	of	pri-
mary	 drug	 resistance	 ranging	 from	 5%	 to	 10%,31,54-59	
whereas	 in	other	 studies	 the	 reported	prevalence	was	
lower	than	5%.25,60
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However,	several	studies	have	found	higher	prevalence	
rates	of	primary	drug	 resistance	 in	western	European	
countries.	A	2003	British	study	found	a	rate	of	19.2%	
for	 any	 drug	 resistance	 mutation,	 12.4%	 for	 NRTIs,	
8.1%	for	NNRTIs	and	6.6%	for	PIs.61	Similarly,	a	large	
Italian	 cohort	 of	 1,690	 treatment-naive	 patients	 from	
1996	 to	2007	had	a	15%	prevalence	of	primary	drug	
resistance,	with	a	prevalence	of	7%	of	non-B	subtypes	
and	17.3%	of	B	subtype	samples.62	A	number	of	other	
studies	 in	 different	western	 European	 countries	 have	
also	 found	 prevalence	 rates	 higher	 than	 10%	 among	
acutely,	 recently	 or	 chronically	 infected	 people	 and	
among	those	with	newly	diagnosed	infection.62,63	

Comments
Primary	HIV	drug	resistance	has	been	observed	in	most	
countries	where	HAART	 is	used.	Although	 the	 inter-
pretation	of	results	is	difficult	and	continues	to	evolve,	
people	 infected	 with	 drug-resistant	 variants	 of	 HIV	
may	be	at	increased	risk	of	drug	failure	despite	being	
therapy	naive.	Continued	surveillance	of	primary	drug	
resistance	is	needed	not	only	to	develop	guidelines	for	
initial	therapy	but	also	to	better	understand	and	prevent	
the	transmission	of	resistant	HIV.

Acknowledgements	
National	level	HIV	and	AIDS	surveillance	is	possible	as	
a	result	of	all	provinces	and	territories	participating	in	
and	setting	directions	for	HIV	and	AIDS	surveillance.	
The	 Public	 Health	Agency	 of	 Canada	 acknowledges	
the	provincial/territorial	HIV/AIDS	coordinators,	pub-
lic	health	units,	laboratories,	health	care	providers	and	
reporting	 physicians	 for	 sharing	 non-nominal,	 confi-
dential	data	for	national	surveillance.	

For more information, please contact:
Surveillance and Risk Assessment Division

Centre for Communicable Diseases and Infection Control 
Public Health Agency of Canada 
Tunney’s Pasture 
Postal locator: 0602B 
Ottawa, ON K1A 0K9 
Tel: (613) 954-5169 
Fax: (613) 957-2842 
www.phac-aspc.gc.ca 

Mission
To	promote	and	protect	the	health	of	Canadians	
through	leadership,	partnership,	innovation	and	
action	in	public	health.

Public Health Agency of Canada



Centre for Communicable Diseases and Infection Control — July 2010 HIV/AIDS Epi Updates 5

Primary HIV Antiretroviral Drug Resistance in Canada

References
1.		 Hogg	RS,	O’Shaughnessy	MV,	Gataric	N,	Yip	B,	Craib	

K,	Schechter	MT,	et	al.	Decline	in	deaths	from	AIDS	due	
to	new	antiretrovirals.	Lancet	1997;349(9061):1294.	

2.		 Palella	 FJ,	 Delaney	 KM,	 Moorman	 AC,	 Loveless	 MO,	
Fuhrer	J,	Satten	GA,	et	al.	Declining	morbidity	and	—	mor-
tality	 among	 patients	with	 advanced	 human	 immunodefi-
ciency	virus	infection.	N Engl J Med	1998;338(13):853-60.	

3.		 Mocroft	A,	Vella	S,	Benfield	TL,	Chiesi	A,	Miller	V,	Gar-
galianos	P,	et	al.	Changing	patterns	of	mortality	across	Eu-
rope	in	patients	infected	with	HIV-1.	Lancet	1998;352(9142):
1725-30.	

4.		 Lee	LM,	Karon	JM,	Selik	R,	Neal	JJ,	Fleming	PL.	Sur-
vival	after	AIDS	diagnosis	in	adolescents	and	adults	dur-
ing	 the	 treatment	 era,	United	States,	 1984-1997.	JAMA	
2001;285(10):1308-15.	

5.		 Messeri	P,	Gunjeong	L,	Abramson	DM,	Aidala	A,	Chi-
asson	 MA,	 Jessop	 DJ.	 Antiretroviral	 therapy	 and	 de-
clining	 AIDS	 mortality	 in	 New	 York	 City.	 Med Care	
2003;41(4):512-21.	

6.		 Morris	A,	Wachter	RM,	Luce	J,	Turner	J,	Huang	L.	Im-
proved	survival	with	highly	active	antiretroviral	therapy	
in	HIV-infected	patients	with	severe	Pneumocystis cari-
nii	pneumonia.	AIDS 2003;17(1):73-80.	

7.		 Autran	B,	Carcelain	G,	Li	TS,	Blanc	C,	Mathez	D,	Tu-
biana	R,	et	al.	Positive	effects	of	combined	antiretroviral	
therapy	on	CD4+	T	cell	homeostasis	and	function	in	ad-
vanced	HIV	disease.	Science	1997;277(5322):112-16.	

8.		 Lederman	MM,	 Connick	 E,	 Landay	A,	 Kuritzkes	 DR,	
Spritzler	 J,	Clair	MS,	et	al.	 Immunologic	 responses	as-
sociated	 with	 12	 weeks	 of	 combination	 antiretroviral	
therapy	consisting	of	zidovudine,	lamivudine,	and	ritona-
vir:	results	of	AIDS	Clinical	Trials	Group	protocol	315.	J 
Infect Dis	1998;178(1):70-9.	

9.		 Shet	A,	Markowitz	M.	 Transmitted	multidrug	 resistant	
HIV-1:	new	and	 investigational	 therapeutic	approaches.	
Curr Opin Investig Drugs	2006;7(8):709-20.	

10.		Chaix	ML,	Desquilbet	 L,	 Descamps	D,	 Costagliola	D,	
Deveau	 C,	 Galimand	 J,	 et	 al.	 Response	 to	 HAART	 in	
French	patients	with	 resistant	HIV-1	 treated	 at	 primary	
infection:	 ANRS	 Resistance	 Network.	 Antivir Ther 
2007;12(8):1305-10.	

11.		Fox	J,	Dustan	S,	McClure	M,	Weber	J,	Fidler	S.	Trans-
mitted	drug-resistant	HIV-1	in	primary	HIV-1	infection;	
incidence,	evolution	and	impact	on	response	to	antiretro-
viral	therapy.	HIV Med	2006;7(7):477-83.	

12.		Pillay	D,	Porter	K.	The	impact	of	transmitted	drug	resis-
tance	on	the	natural	history	of	HIV	infection	and	response	
to	first-line	therapy.	AIDS	2006;20(1):21-8.	

13.		Smith	DM,	Wong	JK,	Shan	H,	Hightower	GK,	Mai	SHT,	
Moreno	 JM,	 et	 al.	 Long-term	 persistence	 of	 transmit-
ted	HIV	drug	resistance	in	male	genital	tract	secretions:	
implications	 for	 secondary	 transmission.	 J Infect Dis	
2007;196(3):356-60.	

14.		Ghosn	 J,	 Pellegrin	 I,	 Goujard	 C,	 Deveau	 C,	 Viard	 JP,	
Galimand	 J,	 et	 al.	 HIV-1	 resistant	 strains	 acquired	 at	
the	time	of	primary	infection	massively	fuel	the	cellular	
reservoir	 and	 persist	 for	 lengthy	 periods	 of	 time.	AIDS	
2006;20(2):159-70.

15.		Wu	 J,	Yan	 P,	Archibald	 C.	Modelling	 the	 evolution	 of	
drug	resistance	 in	 the	presence	of	antiviral	drugs.	BMC 
Public Health	2007;7.	

16.		Public	Health	Agency	of	Canada.	HIV-1	Strain	and	Pri-
mary	Drug	Resistance	in	Canada:	Surveillance	Report	to	
March	31,	2005.	Ottawa,	ON:	PHAC,	2006.	

17.		Brenner	 BG,	 Roger	 M,	 Routy	 JP,	 Moisi	 D,	 Ntemgwa	
M,	Matte	 C,	 et	 al.	 High	 rates	 of	 forward	 transmission	
events	 after	 acute/early	 HIV-1	 infection.	 J Infect Dis	
2007;195(7):951-59.	

18.		Brenner	BG,	Roger	M,	Moisi	DD,	Oliveira	M,	Hardy	I,	
Turgel	R,	et	al.	Transmission	networks	of	drug	resistance	
acquired	 in	 primary/early	 stage	 HIV	 infection.	 AIDS	
2008;22(18):2509-15.	

19.		Hué	S,	Gifford	RJ,	Dunn	D,	Fernhill	E,	Pillay	D.	Demon-
stration	of	 sustained	drug-resistant	human	 immunodefi-
ciency	virus	type	1	lineages	circulating	among	treatment-
naive	individuals.	J Virol	2009;83(6):2645-54.	

20.		Little	 SJ,	 Holte	 S,	 Routy	 JP,	 Daar	 ES,	 Markowitz	 M,	
Collier	AC,	 et	 al.	Antiretroviral-drug	 resistance	 among	
patients	 recently	 infected	 with	 HIV.	 N Engl J Med	
2002;347(6):385-94.	

21.		Boden	D,	Hurley	A,	Zhang	L,	Cao	Y,	Guo	Y,	Jones	E,	et	
al.	HIV-1	drug	resistance	in	newly	infected	individuals.	
JAMA	1999;282(12):1135-41.	

22.		Little	 SJ,	 Daar	 ES,	 D’Aquila	 RT,	 Keiser	 PH,	 Connick	
E,	Whitcomb	JM,	et	al.	Reduced	antiretroviral	drug	sus-
ceptibility	 among	 patients	with	 primary	HIV	 infection.	
JAMA	1999;282(12):1142-49.	

23.	Brodine	SK,	Shaffer	RA,	Starkey	MJ,	Tasker	SA,	Gilcrest	
JL,	Louder	MK,	et	al.	Drug	resistance	patterns,	genetic	
subtypes,	 clinical	 features,	 and	 risk	 factors	 in	 military	
personnel	 with	 HIV-1	 seroconversion.	Ann Intern Med	
1999;131(7):502-6.	

24.	Yerly	S,	Kaiser	L,	Race	E,	Bru	 JP,	Clavel	 F,	 Perrin	L.	
Transmission	of	antiretroviral-drug-resistant	HIV-1	vari-
ants.	Lancet	1999;354(9180):729-33.	

25.	Martinez-Picado	J,	Gutiérrez	C,	de	Mendoza	C,	Erkicia	
I,	Domingo	P,	Camino	X,	et	al.	Surveillance	of	drug	re-
sistance	and	HIV	subtypes	in	newly	diagnosed	patients	in	
Spain	during	2004.	Antivir Ther	2005;10(Suppl.	1):S137	
(Abstract	124).	

26.	Barbour	 JD,	Hecht	 FM,	Wrin	T,	 Liegler	TJ,	Ramstead	
CA,	 Busch	MP,	 et	 al.	 Persistence	 of	 primary	 drug	 re-
sistance	 among	 recently	 HIV-1	 infected	 adults.	 AIDS	
2004;18(12):1683-89.	

27.	Jayaraman	GC,	Archibald	CP,	Kim	J,	Rekart	ML,	Singh	
AE,	 Harmen	 S,	 et	 al.	A	 population-based	 approach	 to	
determine	 the	 prevalence	 of	 transmitted	 drug-resistant	
HIV	among	recent	versus	established	HIV	infections:	re-
sults	from	the	Canadian	HIV	Strain	and	Drug	Resistance	
Surveillance	 Program.	 J Acquir Immune Defic Syndr	
2006;42(1):86-90.	

28.	Wensing	AMJ,	Van	De	Vijver	DA,	Angarano	G.	Erratum:	
Prevalence	of	drug-resistant	HIV-1	variants	in	untreated	
individuals	in	Europe:	implications	for	clinical	manage-
ment.	J Infect Dis	2005;192(8):1501.	



Centre for Communicable Diseases and Infection Control — July 2010HIV/AIDS Epi Updates6

Primary HIV Antiretroviral Drug Resistance in Canada

29.	Weinstock	 HS,	 Zaidi	 I,	 Heneime	W,	 Bennett	 D,	 Gar-
cia-Lerma	 JG,	 Douglas	 Jr.	 JM,	 et	 al.	 The	 epidemiol-
ogy	 of	 antiretroviral	 drug	 resistance	 among	 drug-naive	
HIV-1-infected	 persons	 in	 10	 US	 cities.	 J Infect Dis	
2004;189(12):2174-80.	

30.	Descamps	D,	Chaix	ML,	André	P,	Brodard	V,	Cottalorda	
J,	Deveau	C,	et	al.	French	national	sentinel	survey	of	anti-
retroviral	drug	resistance	in	patients	with	HIV-1	primary	
infection	and	in	antiretroviral-naive	chronically	infected	
patients	 in	 2001-2002.	 J Acquir Immune Defic Syndr 
2005;38(5):545-52.	

31.	Fox	J,	Hill	S,	Kaye	S,	Dustan	S,	McClure	M,	Fidler	S,	et	al.	
Prevalence	of	primary	genotypic	resistance	in	a	UK	cen-
tre:	comparison	of	primary	HIV-1	and	newly	diagnosed	
treatment-naive	individuals.	AIDS	2007;21(2):237-39.	

32.	Alteri	 C,	 Svicher	V,	Gori	 C,	D’Arrigo	R,	 Ciccozzi	M,	
Ceccherini-Silberstein	 F,	 et	 al.	 Characterization	 of	 the	
patterns	of	drug-resistance	mutations	in	newly	diagnosed	
HIV-1	infected	patients	naïve	to	the	antiretroviral	drugs.	
BMC Infect Dis	2009;9.	

33.	Alexander	CS,	Dong	W,	Schechter	MT,	O’Shaughnessy	
MV,	 Strathdee	 SA,	Mo	T,	 et	 al.	 Prevalence	 of	 primary	
HIV	drug	resistance	among	seroconverters	during	an	ex-
plosive	outbreak	of	HIV	infection	among	injecting	drug	
users.	AIDS	1999;13(8):981-85.	

34.	Alexander	CS,	Dong	W,	Chan	K,	Jahnke	N,	O’Shaughnessy	
MV,	Mo	T,	et	al.	HIV	protease	and	reverse	transcriptase	
variation	 and	 therapy	 outcome	 in	 antiretroviral-naive	
individuals	 from	 a	 large	North	American	 cohort.	AIDS	
2001;15(5):601-7.	

35.	Routy	JP,	Machouf	N,	Rouleau	D,	et	al.	Influence	of	pa-
tient	 characteristics,	 year	 of	 infection,	 CD4	 cell	 count,	
and	 viral	 load	 on	 the	 presence	 of	 primary	 HIV-1	 drug	
resistance	 in	 recently	 infected	 patients.	 Antivir Ther	
2005;10:S133.	

36.	Routy	JP,	Machouf	N,	Edwardes	MD,	Brenner	BG,	Thom-
as	R,	Trottier	B,	et	al.	Factors	associated	with	a	decrease	
in	the	prevalence	of	drug	resistance	in	newly	HIV-1	in-
fected	individuals	in	Montreal.	AIDS	2004;18(17):2305-
12.	

37.	Brooks	JI,	Pilon	RG,	Merks	H,	et	al.	Regional	variation	
in	HIV	strain	and	drug	resistance:	the	Canadian	experi-
ence	with	a	national	surveillance	program.	Antivir Ther	
2006;11:S119.	

38.	Tossonian	HK,	Raffa	 JD,	Grebely	 J,	Viljoen	M,	Mead	
A,	 Khara	 M,	 et	 al.	 Primary	 drug	 resistance	 in	 anti-
retroviral-naïve	 injection	 drug	 users.	 Int J Infect Dis	
2009;13(5):577-83.	

39.	 Grant	 RM,	 Hecht	 FM,	Warmerdam	M,	 Liu	 L,	 Liegler	
T,	Petropoulos	CJ,	et	 al.	Time	 trends	 in	primary	HIV-1	
drug	resistance	among	recently	infected	persons.	JAMA	
2002;288(2):181-88.	

40.	Sullivan	PS,	Buskin	SE,	Turner	JH,	Cheingsong	R,	Saek-
hou	A,	Kalish	ML,	et	al.	Low	prevalence	of	antiretroviral	
resistance	among	persons	 recently	 infected	with	human	
immunodeficiency	virus	in	two	US	cities.	Int J STD AIDS	
2002;13(8):554-58.	

41.	Novak	RM,	Chen	L,	MacArthur	RD,	Baxter	JD,	Hullsiek	
KH,	Peng	G,	et	al.	Prevalence	of	antiretroviral	drug	resis-
tance	mutations	 in	 chronically	HIV-infected,	 treatment-
naive	patients:	implications	for	routine	resistance	screen-
ing	before	initiation	of	antiretroviral	therapy.	Clin Infect 
Dis 2005;40(3):468-74.	

42.	Viani	 RM,	 Peralta	 L,	Aldrovandi	 G,	 Kapogiannis	 BG,	
Mitchell	 R,	 Spector	 SA,	 et	 al.	 Prevalence	 of	 primary	
HIV-1	 drug	 resistance	 among	 recently	 infected	 adoles-
cents:	 a	 Multicenter	 Adolescent	 Medicine	 Trials	 Net-
work	 for	 HIV/AIDS	 Interventions	 Study.	 J Infect Dis	
2006;194(11):1505-09.	

43.	Ross	L,	Lim	ML,	Liao	Q,	Wine	B,	Rodriguez	AE,	Wein-
berg	W,	et	al.	Prevalence	of	antiretroviral	drug	resistance	
and	 resistance-associated	 mutations	 in	 antiretroviral	
therapy-naïve	HIV-infected	 individuals	 from	40	United	
States	cities.	HIV Clin Trials	2007;8(1):1-8.	

44.	Smith	D,	Moini	N,	Pesano	R,	Cachay	E,	Aiem	H,	Lie	Y,	
et	al.	Clinical	utility	of	HIV	standard	genotyping	among	
antiretroviral-naive	 individuals	 with	 unknown	 duration	
of	infection.	Clin Infect Dis	2007;44(3):456-58.	

45.	Shet	A,	Berry	L,	Mohri	H,	Mehandru	S,	Chung	C,	Kim	A,	
et	al.	Tracking	the	prevalence	of	transmitted	antiretroviral	
drug-resistant	HIV-1:	 a	 decade	 of	 experience.	 J Acquir 
Immune Defic Syndr	2006;41(4):439-46.	

46.	Gorbach	PM,	Drumright	LN,	 Javanbakht	M,	Pond	SL,	
Woelk	CH,	Daar	ES,	et	al.	Antiretroviral	drug	resistance	
and	 risk	 behavior	 among	 recently	 HIV-infected	 men	
who	have	 sex	with	men.	J Acquir Immune Defic Syndr	
2008;47(5):639-43.	

47.	Truong	H-M,	Grant	RM,	McFarland	W,	Kellogg	T,	Kent	
C,	Louie	B,	et	al.	Routine	surveillance	for	the	detection	
of	 acute	and	 recent	HIV	 infections	and	 transmission	of	
antiretroviral	resistance.	AIDS	2006;20(17):2193-97.	

48.	 Eshleman	 SH,	 Husnik	 M,	 Hudelson	 S,	 Donnell	 D,	
Huang	Y,	Huang	W,	et	al.	Antiretroviral	drug	resistance,	
HIV-1	 tropism,	 and	 HIV-1	 subtype	 among	 men	 who	
have	 sex	 with	 men	 with	 recent	 HIV-1	 infection.	AIDS	
2007;21(9):1165-74.	

49.	Hurt	CB,	McCoy	SI,	Kuruc	J,	Nelson	JAE,	Kerkau	M,	
Fiscus	S,	et	al.	Transmitted	antiretroviral	drug	resistance	
among	acute	and	recent	HIV	infections	in	North	Carolina	
from	1998	to	2007.	Antivir Ther	2009;14(5):673-78.	

50.	Masquelier	B,	Bhaskaran	K,	Pillay	D,	Gifford	R,	Balestre	
E,	 Jørgensen	LB,	 et	 al.	Prevalence	of	 transmitted	HIV-
1	drug	 resistance	and	 the	 role	of	 resistance	algorithms:	
data	 from	 seroconverters	 in	 the	 CASCADE	 collabora-
tion	 from	1987	 to	 2003.	J Acquir Immune Defic Syndr	
2005;40(5):505-11.	

51.	Wensing	AMJ,	Vercauteren	J,	Van	De	Vijver	DA,	Albert	
J,	Åsjö	B,	Balotta	C,	et	al.	Transmission	of	drug-resistant	
HIV-1	in	Europe	remains	limited	to	single	classes.	AIDS	
2008;22(5):625-35.	

52.	 Vercauteren	 J,	Wensing	AMJ,	 Van	 De	 Vijver	 DAMC,	
Albert	J,	Balotta	C,	Hamouda	O,	et	al.	Transmission	of	
drug-resistant	HIV-1	is	stabilizing	in	Europe.	J Infect Dis	
2009;200(10):1503-8.	



Centre for Communicable Diseases and Infection Control — July 2010 HIV/AIDS Epi Updates 7

Primary HIV Antiretroviral Drug Resistance in Canada

53.	Yerly	S,	Von	Wyl	V,	Ledergerber	B,	Böni	J,	Schüpbach	J,	
Bürgisser	P,	et	al.	Transmission	of	HIV-1	drug	resistance	
in	 Switzerland:	 a	 10-year	molecular	 epidemiology	 sur-
vey.	AIDS	2007;21(16):2223-29.	

54.	Geretti	AM,	Smith	M,	Osner	N,	O’Shea	S,	Chrystie	 I,	
Easterbrook	 P,	 et	 al.	 Prevalence	 of	 antiretroviral	 resis-
tance	in	a	South	London	cohort	of	treatment-naive	HIV-
1-infected	patients.	AIDS	2001;15(8):1082-84.	

55.	 Booth	 CL,	 Garcia-Diaz	AM,	Youle	MS,	 Johnson	MA,	
Phillips	 A,	 Geretti	 AM.	 Prevalence	 and	 predictors	 of	
antiretroviral	drug	resistance	in	newly	diagnosed	HIV-1	
infection.	J Antimicrob Chemother	2007;59(3):517-24.	

56.	Sagir	A,	Oette	M,	Kaiser	R,	Däumer	M,	Fätkenheuer	G,	
Rockstroh	JK,	et	al.	Trends	of	prevalence	of	primary	HIV	
drug	 resistance	 in	 Germany.	 J Antimicrob Chemother	
2007;60(4):843-48.	

57.	 Palma	AC,	Araújo	 F,	 Duque	V,	 Borges	 F,	 Paixão	MT,	
Camacho	 R.	 Molecular	 epidemiology	 and	 prevalence	
of	 drug	 resistance-associated	 mutations	 in	 newly	 di-
agnosed	 HIV-1	 patients	 in	 Portugal.	 Infect Genet Evol	
2007;7(3):391-98.	

58.	Vercauteren	J,	Derdelinckx	I,	Sasse	A,	Bogaert	M,	Ceunen	
H,	De	Roo	A,	et	al.	Prevalence	and	epidemiology	of	HIV	
type	1	drug	resistance	among	newly	diagnosed	therapy-
naive	patients	in	Belgium	from	2003	to	2006.	AIDS Res 
Hum Retroviruses 2008;24(3):355-62.	

59.	Harzic	M,	Pellegrin	I,	Deveau	C,	Chaix	ML,	Dubeaux	B,	
Garrigue	I,	et	al.	Genotypic	drug	resistance	during	HIV-1	
primary	infection	in	France	(1996-1999):	frequency	and	
response	to	treatment.	AIDS	2002;16(5):793-96.	

60.	Deroo	S,	Robert	I,	Fontaine	E,	Lambert	C,	Plesséria	JM,	
Arendt	V,	 et	 al.	HIV-1	 subtypes	 in	Luxembourg,	1983-
2000.	AIDS	2002;16(18):2461-67.	

61.	Cane	P,	Chrystie	I,	Dunn	D,	Evans	B,	Geretti	AM,	Green	
H,	et	al.	Time	trends	in	primary	resistance	to	HIV	drugs	
in	the	United	Kingdom:	multicentre	observational	study.	
BMJ	2005;331(7529):1368.	

62.	Bracciale	L,	Colafigli	M,	Zazzi	M,	Corsi	P,	Meraviglia	
P,	Micheli	V,	et	al.	Prevalence	of	transmitted	HIV-1	drug	
resistance	 in	HIV-1-infected	patients	 in	 Italy:	 evolution	
over	 12	 years	 and	 predictors.	 J Antimicrob Chemother	
2009;64(3):607-15.	

63.	Violin	M,	Velleca	R,	Cozzi-Lepri	A,	Riva	C,	Grossi	PA,	
Carnevale	 G,	 et	 al.	 Prevalence	 of	 HIV-1	 primary	 drug	
resistance	 in	 seroconverters	 of	 the	 ICoNA	 cohort	 over	
the	 period	 1996-2001.	 J Acquir Immune Defic Syndr	
2004;36(2):761-64.	

©	Her	Majesty	the	Queen	in	Right	of	Canada,	2010

Cat.:	 HP40-56/13-2010E-PDF	
ISBN:	 978-1-100-17266-8


