
Introduction 

	 The	AIDS	 epidemic	 continues	 to	 spread	 in	 the	
South-East	 Asia	 (SEA)	 Region.	 The	 South-East	
Asia	 is	 the	 second	 most	 affected	 WHO	 region	 in	
the	 world,	 after	 sub-Saharan	Africa.	 To	 date,	 close	
to	 40	 million	 people	 throughout	 the	 world	 have	
been	 infected	 with	 human	 immunodeficiency	 virus	
(HIV).	Of	 these,	 almost	 6.4	million	 are	 in	 the	 SEA	
Region.	Over	99	per		cent	of	cases	have	been	reported	
from	four	countries	-	Thailand,	India,	Indonesia	and	
Myanmar1,2.	 The	 estimated	 adult	 HIV	 prevalence	
was	0.32	per	cent	in	2008	and	0.31	per	cent	in	2009.	
The	 states	 with	 high	 HIV	 prevalence	 rates	 include	
Manipur	(1.40%),	Andhra	Pradesh	(0.90%),	Mizoram	
(0.81%),	Nagaland	(0.78%),	Karnataka	 (0.63%)	and	
Maharashtra	 (0.55%)3.	As	 per	 the	 estimates,	 40,000	
cases	in	the	country	are	eligible	for	ART.	As	part	of	
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the	“3	by	5”	initiative,	India	has	started	the	ART	roll-
out	in	April	2004.	Currently,	1,500	cases	of	AIDS	are	
on	ART,	with	drugs	being	available	for	a	total	of	8,000	
patients.	By	January	2010	about	3,00,743	cases	would	
be	 under	 treatment	 in	 Andhra	 Pradesh,	 Karnataka,	
Maharashtra,	Tamil	Nadu,	Gujarat	and	Uttar	Pradesh.	
This	 is	being	provided	 through	8	designated	centres	
spread	across	higher	prevalence	areas.	It	is	planned	to	
increase	the	number	to	254.	

	 The	 general	 consensus	 among	 those	 fighting	
AIDS	worldwide	is	that	HIV	testing	should	be	carried	
out	 voluntarily,	 with	 the	 consent	 of	 the	 individual	
concerned.	This	view	has	been	supported	by	the	Indian	
government	and	NACO,	who	have	helped	to	establish	
hundreds	of	integrated	counselling	and	testing	centres	
(ICTCs)	in	India.	By	the	end	of	2009	there	were	5135	
ICTCs	in	India,	compared	to	just	62	in	1997.	By	2009	
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these	centres	tested	had	tested	13.4	million	people	for	
HIV,	an	increase	from	4	million	in	20065.

	 The	 Global	 Fund	 for	 AIDS,	 Tuberculosis	 and	
Malaria	has	also	identified	ART	as	one	of	the	priority	
areas.	 With	 efforts	 being	 initiated	 to	 provide	 ART,	
close	 monitoring	 of	 patients	 on	 these	 drugs	 is	 also	
essential	 to	 ascertain	 response.	 For	 various	 issues	
pertaining	 to	 prevention	 and	 control	 of	 HIV/AIDS,	
laboratory	 support	 is	 the	most	 essential	with	 reliable	
laboratory	 support	 at	 clinical	 and	 public	 health	
areas.	The	WHO	has	 developed	 guidelines	 to	 ensure	
optimal	utilization	of	 laboratory	support	 in	providing	
quality	care	and	reliable	diagnostic	support	to	various	
interventions	against	HIV/AIDS.	Monitoring	includes	
clinical,	immunological	and	microbiological	skills	and	
infrastructure	of	the	laboratory	network6.	

Laboratory monitoring cost

	 A	 critical	 component	 in	 determining	 the	 value	
of	 laboratory	 tests	 is	 their	 cost,	 including	 the	cost	of	
the	 test	 kits;	 test	 administration;	 specimen	 transport;	
purchase	or	rental	of	laboratory	equipment;	laboratory	
reagents;	 personnel	 time,	 training,	 and	 retention;	
specimen	processing;	laboratory	information	systems;	
and	 ongoing	 quality	 assurance.	 In	 most	 resource-
limited	settings,	the	cost	of	CD4	cell	count	at	`	1,200	
per	test7	and	an	HIV	RNA	assay	by	polymerase	chain	
reaction	 (PCR)	 costs	 approximately	 `	 1,500-4,500	
per	 test8.	However,	 test	cost	alone	does	not	convey	a	
complete	picture	of	the	costs	and/or	savings	associated	
with	the	use	of	these	assays9-11.	

	 Although	 the	 use	 of	 clinical	monitoring	 alone	 to	
guide	ART	initiation	or	switching	is	often	considered	
to	be	“free”	of	cost,	this	assumption	ignores	the	costs	
associated	with	the	increased	likelihood	of	developing	
an	 opportunistic	 infection,	 which	 confers	 substantial	
morbidity	 and	mortality,	 prompting	 the	 use	 of	 costly	
health	care	services.	A	more	comprehensive	assessment	
of	the	value	of	laboratory	tests	takes	into	account	both	
economic	 and	 health	 outcomes	 and	 incorporates	 test	
costs	 and	 costs	 of	 care	 required	 or	 avoided	 by	 their	
use12,13.

Ratio of cost-effectiveness in resource-limited settings

	 To	assert	that	an	intervention	is	cost-effective	does	
not	mean	that	it	is	cheap	or	that	it	saves	money.	Most	
interventions	that	improve	health	and	extend	survival	
add	costs	to	care.	By	standard	definition,	a	strategy	of	
care	may	be	considered	“cost-	effective”	if	its	additional	
clinical	 benefit,	 relative	 to	 another	 strategy,	 is	 felt	

to	 be	 worth	 its	 additional	 cost14.	 Cost-effectiveness	
analysis	 is	 a	 formal	 methodology	 that	 includes	 both	
costs	(current	and	future)	and	effectiveness	(short-	and	
long-term),	either	per	person	or	as	a	total	amount	for	
a	defined	population.	Costs	are	measured	in	a	specific	
currency,	and	effectiveness	is	most	often	quantified	in	
either	 years	 of	 life	 saved	 (YLS)	 or	 quality-adjusted	
life-years	 saved	 (QALY).	The	 latter	 outcome	assigns	
quality-of-life	 “weights”	 to	 health	 conditions	 and	
values	each	year	lived	in	imperfect	health	as	worth	less	
than	one	year	in	perfect	health14.

	 In	 comparing	 interventions,	 any	 strategy	 that	
costs	more	but	produces	fewer	YLS	or	QALYs	than	a	
competing	strategy	is	said	to	be	“strongly	dominated,”	
or	an	economically	 irrational	choice,	and	 is	 removed	
from	 consideration14.	 Incremental	 cost-effectiveness	
ratios	are	then	calculated	for	all	remaining	strategies,	
comparing	 each	 to	 the	 next	 less	 expensive	 strategy.	
Strategies	that	represent	economically	inefficient	uses	
of	resources	(i.e.,	have	higher	cost-effectiveness	ratios	
than	 less	 expensive	 but	 less	 effective	 interventions)	
are	 described	 as	 “weakly	 dominated”	 and	 are	 also	
eliminated	from	consideration15.

The cost-effectiveness on CD4 cell count and HIV 
RNA level monitoring

	 Although	the	discussion	above	describes	the	results	
from	each	of	the	individual	studies,	 it	 is	important	to	
recognize	that	the	incremental	cost-effectiveness	ratios	
in	 each	 of	 the	 above	 studies	 depend	 not	 only	 on	 the	
costs	 of	 the	 laboratory	 monitoring	 interventions	 but	
also	on	the	costs	of	ART	and	clinical	care.	In	addition,	
such	costs	vary	depending	not	only	on	the	year	and	the	
country	in	which	the	analysis	 takes	place	but	also	on	
how	the	cost	is	estimated.	The	costs	associated	with	the	
CD4	cell	count	and	HIV	RNA,	per	test,	in	each	of	the	
above	studies;	the	costs	range	from	$5	to	$31	per	CD4	
cell	count	test	and	from	$26	to	$92	per	HIV	RNA	test.	
Annual	costs	for	ART	regimens	vary	even	more	widely	
($130–$429	 for	 first-line	 regimens	 and	 $640–$1,432	
for	second-line	regimens)14,15.	

	 The	 WHO	 and	 other	 health-governing	 agencies	
rely	on	cost-effectiveness	analyses	among	their	guiding	
principles.	 Current	 published	 studies	 on	 the	 cost-
effectiveness	of	CD4	cell	count	and	HIV	RNA	laboratory	
monitoring	differ	in	design,	setting,	test	cost,	and	specific	
strategies	compared.	Although	it	may	be	desirable	for	
cost-effectiveness	 analyses	 to	 be	 individualized	 to	
specific	settings,	relying	on	this	approach	may	not	be	
practical;	 some	 results	 may	 be	 generalizable	 across	



countries16.	 Future	 cost-effectiveness	 analyses	 would	
be	more	comparable	and	generalizable	if	these	clearly	
state	 the	 time	 horizon	 and	 year	 of	 currency,	 include	
critical	 components	 of	 test	 costs	 (personnel	 training,	
laboratory	infrastructure,	specimen	transportation,	and	
quality	assurance	programmes),	and	analyze	strategies	
that	 are	most	 reflective	 of	 current	 in-country	 clinical	
practice.	Many,	 although	not	 all	 studies,	 suggest	 that	
CD4	cell	count	monitoring	is	cost-effective	and	maybe	
cost-saving	in	at	least	some	resource-limited	settings.	
The	cost-effectiveness	of	HIV	RNA	level	monitoring,	
however,	ranges	widely.	The	lowest	published	values	
suggest	 that	 biannual	 HIV	 RNA	monitoring	 may	 be	
considered	cost-effective17,18. 

HIV laboratory monitoring guidelines 

	 While	several	pilot	programmes	and	studies	show	
that	successful	anti	retroviral	(ARV)	therapy	is	feasible	
in	 resource-limited	 countries	 (RLC),	 insufficient	
political,	 physical,	 and	 human	 resources	 limit	 the	
capacity	of	most	RLC	to	offer	sustainable	HIV	health	
care	 and	ARV	 access.	 The	 costs	 of	 HIV	monitoring	
laboratory	tests	significantly	restrict	their	access,	which	
may	 jeopardize	 the	 quality	 of	 care.	 Acknowledging	
the	 value	 these	 tests	 bring	 to	 patient	 care,	 assessing	
alternative	 methods,	 and	 developing	 resource-
appropriate	ARV	monitoring	tests	have	rapidly	become	
a	high	priority19.

	 The	 US	 National	 Institutes	 of	 Health	 and	 the	
WHO,	 the	 ARV	 guidelines	 include	 a	 section	 on	
ARV	 monitoring	 tests,	 which	 are	 categorized	 and	
priority	 ranked	on	 a	 resource	 availability	 continuum.	
The	 ‘absolute	 minimum’	 tests:	 HIV	 antibody	 and	
haemoglobin/haematocrit	 are	 built	 upon	 as	 resources	
allow.	 ‘Basic	 recommended’	 tests	 for	 pregnancy,	 co-
infections,	 glucose,	 and	 organ	 and	 immune	 function	
make	up	the	next	 tier.	CD4	cell	counts,	serum	lipids,	
bilirubin,	 and	 amylase	 are	 considered	 ‘desirable’	 but	
not	essential.	‘Optional’	tests:	viral	load	and	resistance	
assays	are	resource	prohibitive	in	most	areas20.

HIV laboratory monitoring tests

	 A	wide	variety	of	tests	are	available	to	monitor	HIV	
disease	progression	and	the	state	of	overall	health.	HIV	
viral	load	tests	provide	a	picture	of	viral	activity,	while	
CD4	cell	counts	shed	light	on	the	status	of	the	immune	
system	and	can	help	physicians	to	predict	and	prevent	
the	 development	 of	 opportunistic	 infections.	 These	
tests	 can	help	guide	 treatment	decisions	 and	 indicate	
whether	 treatment	 is	 working.	 Viral	 load	 tests	 and	

CD4	cell	counts	offer	a	more	accurate	 representation	
of	 HIV	 activity	 and	 disease	 progression	 than	 older,	
indirect	surrogate	markers	like	β-2	microglobulin	and	
neopterin21,22.	

	 In	 addition,	 general	 tests	 such	 as	 the	 complete	
blood	count,	the	blood	chemistry	panel,	and	blood	sugar	
and	lipid	tests	can	help	keep	track	of	side	effects	such	
as	 low	blood	 cell	 counts,	 liver	 toxicity,	 and	 elevated	
triglyceride	 and	 cholesterol	 levels.	 Other	 tests,	 such	
as	 genotypic	 and	 phenotypic	 resistance	 assays	 and	
therapeutic	 drug	monitoring,	 can	 help	 optimize	 anti-
HIV	therapy23.	

	 Almost	 all	 the	 laboratory	 tests	 require	 a	 blood	
sample;	fortunately,	a	single	sample	often	can	be	used	
for	 several	 assays.	 In	 general,	most	monitoring	 tests	
should	be	performed	every	3-6	months	or	so.	Results	
obtained	 by	 different	 laboratories	 and	 different	 test	
methods	can	vary	greatly,	and	 results	may	even	vary	
from	 day	 to	 day	 at	 the	 same	 laboratory	 tests	 should	
preferably	 be	 done	 at	 the	 same	 laboratory	 using	 the	
same	procedure	each	time,	to	allow	for	more	accurate	
comparisons.

	 Many	 factors	 such	 as	 time	 of	 day,	 recent	
vaccinations,	and	concurrent	infections	may	influence	
test	results.	A	test	with	an	unexplained	or	unexpected	
result	 should	 be	 repeated.	 A	 single	 abnormal	
laboratory	 result	 is	 not	 always	 cause	 for	 concern;	
upward	 and	downward	 trends	 over	 time	 are	 usually	
more	important.

Complete blood count

	 The	 complete	 blood	 count	 (CBC)	 is	 important	
because	 people	 with	 HIV	 may	 have	 low	 blood	 cell	
counts	 (cytopenias)	 due	 to	 chronic	 HIV	 infection	 or	
as	a	side	effect	of	medications,	particularly	drugs	that	
damage	 the	 bone	 marrow,	 where	 all	 blood	 cells	 are	
produced.	Blood	cell	counts	are	 typically	 reported	as	
the	number	of	cells	per	µl	of	blood	(cells/µl)	or	as	a	
percentage	of	all	blood	cells.	People	with	HIV	infection	
should	 receive	 a	 CBC	 about	 every	 six	 months,	 and	
more	often	if	they	are	experiencing	symptoms	or	taking	
drugs	associated	with	low	blood	cell	counts24,25.	

Red and white blood cells: Anemia	 is	 common	 in	
HIV	 positives.	 HIV	 itself	 and	 various	 OIs	 such	 as	
Mycobacterium avium	complex	(MAC)	can	affect	red	
blood	 cells	 and	 their	 oxygen-carrying	 capacity26,27.	
People	 with	 HIV	 infection	 should	 be	 especially	
concerned	 with	 neutrophil	 and	 lymphocyte	 levels,	
in	 particular	 CD4	 and	 CD8	 cell	 counts.	 Neutrophils	
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normally	make	 up	 about	 50-70	 per	 cent	 of	 all	white	
blood	 cells.	Various	 anti-HIV	 drugs,	 OI	medications	
[including	 ganciclovir	 (Cytovene),	 used	 to	 treat	
cytomegalovirus,	or	CMV],	and	cancer	chemotherapies	
that	 suppress	 the	 bone	 marrow	 may	 lead	 to	 low	
neutrophil	levels	(neutropenia)28.	

Platelets: Platelets	 (thrombocytes)	 are	 necessary	
for	 blood	 clotting.	A	 normal	 platelet	 count	 is	 about	
130,000-440,000	 cells/µl.	 Low	 platelet	 counts	
(thrombocytopenia)	-	which	can	lead	to	easy	bruising	
and	excessive	bleeding	may	be	caused	by	certain	drugs,	
autoimmune	 reactions,	accelerated	destruction	by	 the	
spleen,	or	HIV	disease	itself29.	

CD4 and CD8 Cell tests

CD4 cell count: HIV	primarily	 targets	CD4	cells.	As	
HIV	 disease	 progresses,	 CD4	 cell	 counts	 decline,	
typically	by	about	30-100	cells/µl	per	year	(depending	
on	viral	load),	leaving	a	person	increasingly	vulnerable	
to	infections	and	cancers.	People	with	CD4	cell	counts	
above	 500	 cells/µl	 generally	 have	 relatively	 normal	
immune	function	and	are	at	low	risk	for	OIs30,31.	

	 Current	 U.S.	 HIV	 treatment	 guidelines32 
recommend	that	people	should	consider	starting	anti-
HIV	 therapy	 when	 their	 CD4	 cell	 count	 falls	 below	
350	cells/µl.	In	2001,	this	level	was	reduced	from	500	
cells/µl	after	research	showed	little	benefit	of	starting	
treatment	in	asymptomatic	people	with	350-500	cells/
µl	especially	given	the	adverse	effects,	inconvenience,	
and	 cost	 of	 therapy.	 Studies	 are	 underway	 of	 assess	
the	value	of	treatment	in	people	with	200-350	cells/µl.	
Many	people	who	have	started	combination	anti-HIV	
therapy	have	seen	dramatic	increases	in	their	CD4	cell	
counts	and	have	been	able	to	safely	stop	OI	prophylaxis	
(preventive	 treatment).	 Most	 experts	 recommend	
that	 the	 CD4	 cell	 count	 should	 be	 measured	 when	
HIV	infection	is	diagnosed,	then	every	3-6	months	or	
closer	to	three	months	if	the	count	is	low	or	falling	or	
a	person	is	starting	or	changing	treatment	and	closer	to	
six	months	if	the	count	is	high	or	has	been	stable	for	
several	months.	An	individual	CD4	cell	measurement	
is	 not	 as	 informative	 as	 downward	 or	 upward	 trends	
over	 time;	any	large	or	unexpected	change	should	be	
confirmed	with	a	repeat	test.	

	 Along	with	viral	load,	it	provides	information	about	
when	anti-HIV	therapy	is	indicated	and	how	well	it	is	
working;	effective	treatment	can	halt	HIV	replication	
and	 restore	 CD4	 cell	 levels.	Assays	 with	 specificity	
and	cost-effectiveness	are	needed	for	the	measurement	
of	 HIV-1	 burden	 to	 monitor	 disease	 progression	 or	

response	to	anti-retroviral	therapy.	We	have	developed	
an	 affordable	 one	 step	 real-time	RT-PCR	 assay	with	
high	 specificity	 and	 sensitivity	 to	 measure	 plasma	
HIV-1	 loads	 in	 HIV-1	 subtype	 C	 infected	 patients33.	
An	inverse	correlation	was	found	between	plasma	viral	
loads	 (PVL)	 and	 CD4+	 T-cell	 numbers	 at	 all	 CDC	
stages.	 Significant	 correlations	 were	 found	 between	
CD8+	T-cell	activation	and	PVL,	as	well	as	with	 the	
clinical	and	immunological	status	of	the	patients33.	

Low CD4+ T-cell counts: A variety of causes and 
their implications to HIV and AIDS: Low	CD4+	T-cell	
counts	 (CD4	counts)	are	associated	with	a	variety	of	
conditions,	 including	many	 viral	 infections,	 bacterial	
infections,	 parasitic	 infections,	 sepsis,	 tuberculosis,	
coccidioidomycosis,	 burns,	 trauma,	 intravenous	
injections	 of	 foreign	 proteins,	 malnutrition,	 over-
exercising,	 pregnancy,	 normal	 daily	 variation,	
psychological	 stress,	 and	 social	 isolation34.	 The	 low	
CD4	counts	caused	by	some	of	these	conditions	often	
fall	 below	 200	 cells/µl	 which	 is	 the	 level	 needed	 to	
diagnose	AIDS	in	someone	who	was	previously	HIV-
positive.	 In	 addition	 to	 the	 diagnosis	 of	AIDS,	 CD4	
counts	are	regularly	used	to	make	treatment	decisions,	
such	 as	 when	 to	 start	 antiretroviral	 medications	 and	
when	to	begin	preventative	antibiotics32,33,35.	

	 Because	 many	 of	 the	 conditions	 that	 cause	 low	
CD4	 counts	 are	 common	 in	HIV	positive,	 caution	 is	
advised	on	 the	use	of	CD4	counts	 to	make	 treatment	
and	 diagnostic	 decisions.	 Some	 like	 psychological	
stress	are	greatly	increased	when	people	are	told	that	
their	CD4	counts	 are	 low,	which	may	compound	 the	
problem	and	cause	the	CD4	count	to	fall	even	further.	
It	appears	that	low	CD4	counts	are	a	common	reaction	
to	many	kinds	of	physical	and	psychological	stressors.	
When	several	of	these	factors	are	combined,	as	is	often	
the	case	in	HIV	and	AIDS,	extremely	low	CD4	counts	
may	be	a	natural	result36,37.

Factors influencing CD4+ and CD8+ T-cells: We	have	
previously	determined	the	lymphocyte	subset	reference	
range	 in	 HIV	 seronegative	 north	 Indian	 adults.	 The	
reference	 ranges	 for	 CD4	 count	 [304	 CD4%	 (17.5-
50.6%	with	the	median	of	35%],	CD8%	(14-53%	with	
the	median	of	32.3%),	CD3%	(43-89%	with	the	median	
of	 70.5%),	 and	 CD4/CD8	 ratio	 (0.04-3.5	 with	 the	
median	of	1.04)	were	calculated.	Significant	variations	
were	 observed	 for	 normal	 reference	 intervals	 for	 T	
lymphocyte	subsets	according	to	the	race,	ethnic	origin,	
age	group,	and	gender.	Our	findings	on	T-lymphocyte	
subsets	reference	ranges	of	normal	healthy	north	Indians	
validate	the	utility	of	determination	of	CD4	cell	count	
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as	 a	 useful	 predictor	 of	AIDS	 in	 Indian	 conditions38.	
Another	 study	 indicated	 that	 HIV	 infected	 Indian	
patients,	who	require	effective	initiation	of	ART	on	the	
basis	of	their	clinical	category	and	percentage	of	CD4,	
are	deprived	of	it	in	lieu	of	adopting	a	staging	criterion	
for	HIV	infection	based	on	their	clinical	category	and	
absolute	CD4	counts39.	

(i) Influence of sex: Two	 studies	 on	Asian	 adults40,41,	
one	 from	Britain42,	 and	 one	 from	 the	United	States43 
have	reported	that	males	have	higher	CD8	percentages	
than	females	and	that,	conversely,	females	have	higher	
CD4	 percentages	 and	 counts	 than	 males.	 Females	
have	 significantly	 higher	 CD4	 counts,	 percentage	 of	
CD4	 cells,	 and	 CD4:CD8	 ratio,	 whereas	 males	 had	
significantly	higher	percentages	of	CD8	cells.

(ii) Influence of age: In	 a	 study	 of	 age-dependent	
changes	 with	 respect	 to	 the	 expression	 of	 the	major	
lymphocyte	 surface	 receptors	 in	 healthy	 elderly	
subjects,	T	lymphocytes	from	elderly	individuals	were	
found	to	express	lower	levels	of	CD3	when	compared	
with	 levels	 in	 young	 subjects44.	Reduced	T	 cells	 and	
lower	CD4:CD8	ratios	have	been	described	in	the	frail	
elderly45.	

(iii) Effects of smoking, alcohol, and time since last 
meal: In	a	study	on	U.S.	air	 force	personnel,	alcohol	
consumption	 showed	 a	 significant	 correlation	 with	
suppressed	counts	and	functions	for	nearly	all	variables,	
whereas	tobacco	use	was	associated	with	stimulation	of	
T-cell	number	and	function46.	The	absolute	CD4	counts	
were	 reported	 to	 be	 significantly	 higher	 in	 smokers	
than	 in	non	 smokers	 in	 two	other	 studies47.	Smoking	
increased	 the	 number	 of	 T	 cells	 and	 mainly	 CD4+ 
peripheral	blood	lymphocytes48.	However,	researchers	
found	 no	 differences	 related	 to	 smoking	 or	 alcohol	
but	noted	that	all	but	one	of	the	smokers	and	alcohol	
consumers	 in	 the	study	were	males.	Also,	 there	were	
no	 differences	 in	 the	 study49	with	 regard	 to	 the	 time	
interval	between	 taking	 the	 last	meal	and	drawing	of	
the	blood	sample.

Methods for enumerating absolute numbers of CD4+ 
T-cells: To	date,	both	automated	and	manual	methods	
have	 been	 developed	 for	 determining	 the	 absolute	
number	of	CD4+	T-cells	and	evaluated	in	multicentric	
studies.	These	include	both	flow	cytometric	and	non-
flow	cytometric	technologies.	Most	of	the	technologies	
summarized	 here	 are	 commercially	 available	 as	 cell	
counting	systems	and/or	kit	packages.

Flow cytometric (automated) methodologies: Flow	
cytometry	is	the	gold	standard	method	for	the	estimation	

of	 CD4	 counts	 due	 to	 its	 accuracy,	 precision	 and	
reproducibility	and	thus	widely	used.	This	technology	is	
capable	of	high	sample	throughput	and	great	versatility	
in	 its	 applications;	 CD4	 counting	 is	 just	 one	 of	 its	
numerous	uses	in	the	biomedical	field.	However,	flow	
cytometry	based	CD4	counting	is	relatively	complex,	
and	therefore,	technically	demanding,	costly	and	needs	
regular	maintenance.	Additionally,	 it	 is	 essential	 that	
operators	of	the	flow	cytometer	be	sufficiently	trained	
in	the	technical	and	biological	aspects	of	CD4	counting.	
Although,	 the	 system	 has	 a	 high	 initial	 and	 running	
cost	at	present.	Flow	cytometry	provides	options	like	
dual-	 and	 single-platform	 approach	 for	 estimation	 of	
absolute	CD4+	T-cell	counts.

(i) Dual-platform approach: The	 dual-platform	 flow	
cytometry	 requires	 a	 haematological	 analyser	 and	 a	
flow	 cytometer.	 The	 percentage	 of	 CD4	 lymphocyte	
population	 (obtained	 from	 the	 flow	 cytometer)	 is	
multiplied	 by	 the	 total	 lymphocyte	 count	 obtained	
from	the	haematology	analyser	to	provide	an	absolute	
CD4	 count50.	 Traditionally,	 in	 a	 blood	 sample	 with	
a	 high	 proportion	 of	 lymphocytes,	 a	 lymphocyte	
gate	 for	CD4+	T-cell	 testing	 is	 easily	 derived	 from	 a	
bivariate	histogram	or	homogeneous	gate	that	includes	
forward	scatter	(FSC,	size	of	the	cell	populations)	and	
right	 angle	 side	 scatter	 (SSC,	 granularity	 of	 the	 cell	
populations)	patterns.	However,	when	 there	 is	a	high	
proportion	of	non-	lymphocytes	(monocytes,	basophils	
and	 immature	 red	 blood	 cells),	 this	 traditional	 FSC/
SSC	 lymphocyte	 gate	 tends	 to	 be	 unreliable	 as	 non-
lymphocytes	have	been	shown	to	contaminate	the	gate,	
thus	 this	morphological	 gating	 is	 now	 considered	 as	
unacceptable51,52.	A	more	reliable	method	for	assessing	
lymphocyte	gate	purity	and	lymphoid	cell	recovery	on	
the	basis	of	differential	CD45	marker	density	expression	
has	been	developed.	This	method	also	known	as	CD45	
gating	 and	 uses	 two	 markers	 (CD45	 and	 CD14)	 53.	
Based	on	this	CD45	gating	strategy	together	with	the	
advent	of	 the	flow	cytometry,	 the	more	practical	 and	
accurate	 three-color	 (CD3/CD4/CD45)	 or	 four-color	
(CD3/CD4/CD8/CD45)	 immunophenotyping	 assays	
of	CD4+	T-cells	have	become	available54-56.	

	 The	 dual	 platform	 approach	 requires	 the	 results	
of	 three	 separate	 laboratory	 tests:	 percentage	 CD4+ 
T-cells	 from	 the	 flow	 cytometer,	 total	 white	 blood	
counts	 and	 percentage	 of	 lymphocytes	 from	 the	
haematological	 analyzer.	 This	 undoubtedly	 leads	 to	
wide	variability.	Moreover,	the	patient	samples	contain	
cell	numbers	beyond	the	sensitivity	and	linearity	range	
of	haematological	analyzer	 (e.g.,	 severely	 leucopenic	
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patients),	 the	 lymphocyte	 population	 defined	 by	
flow	cytometer	may	not	match	 exactly	 to	 that	 of	 the	
haematological	 analyzer.	 Further,	 total	 white	 blood	
cell	counts	are	not	subjected	to	regular	internal	quality	
control	and	external	quality	assurance.	In	spite	of	that,	
this	dual-	platform	technology	is	still	widely	practiced	
and	 recommended	 in	 a	 number	 of	 institutional	
guidelines57-59.

(ii) Single-platform approach:	 The	 single-platform	
systems	 are	 dedicated	 flow	 cytometers	 designed	 to	
provide	 absolute	CD4	 counts	without	 the	 need	 for	 a	
haematology	 analyser.	 Single	 platform	 systems	 may	
be	volumetric	flow	cytometers,	which	count	absolute	
number	of	cells	in	a	given	volume,	or	bead	based	systems	
which	 require	 the	 addition	of	 a	known	concentration	
of	fluorochrome	labelled	reference	beads	enabling	the	
absolute	number	of	CD4	cells	 to	be	calculated	based	
on	the	ratio	of	beads	to	cells.	Importantly,	the	precision	
of	 this	 technology	 depends	 on	 the	 flow	 cytometric	
measurement	and	the	methodology	of	pipetting	in	the	
staining	process.	The	use	of	reverse	pipetting	technique	
is	 the	 most	 reliable	 dispensing	 method	 for	 absolute	
CD4+	T-cell	 count	 assay60,61.	To	date,	 single-platform	
technologies	 have	 two	 options	 of	 microbead-based	
technologies	and	the	volumetric	technologies.

(a) FACScan or FACSCount microbead-based system: 
FACSCount	 system	 is	 the	 only	 available	microbead-
based	 single-platform	 instrument	 that	 is	 designed	
specifically	 for	 enumerating	 the	 absolute	 CD4+,	
CD8+	 and	 CD3+	 T-cell	 counts	 in	 no-lyse,	 no-wash	
whole	blood.	The	system	has	been	approved	by	many	
international	 organizations	 as	 one	 of	 the	 predicate	
method.	 This	 system	 requires	 ready-to-	 use	 twin-
tube	reagent	 tubes.	One	 tube	determines	 the	absolute	
number	 of	 helper/inducer	 T-cells	 (CD4+/CD3+)	 by	
using	 a	 combination	 of	 two-colour	monoclonal	 anti-	
human	 CD3	 antibody	 conjugated	 to	 the	 tandem	 dye	
phycoerythrin	 Cy5	 (PECy5)	 and	 a	 monoclonal	 anti-
human	 CD4	 antibody	 conjugated	 to	 phycoerythrin	
(PE).	The	other	tube	determines	the	absolute	number	of	
cytotoxic/suppressor	T-cells	(CD8-+/CD3+).	Both	tubes	
also	give	the	absolute	number	of	total	T-cells	(CD3)	or	
CD3+	T-cells,	as	well	as	CD4/CD8	ratio.	In	addition	to	
the	 antibody	 reagents,	 the	 reagent	 tubes	 also	 contain	
a	 known	 number	 of	 fluorochrome-labelled	 reference	
beads.	These	beads	function	as	fluorescence	standard	
for	locating	the	lymphocytes	and	also	as	a	quantitation	
standard	for	enumerating	the	cells62.

(b) Guava Technologies (EasyCD4 CD8) volumetric 
system: Guava	 Technologies	 (EasyCD4	 CD8)	

volumetric	 system	 is	 based	 on	 a	 micorcapillary	
cytometry	 technology	 that	 enables	 the	 enormous	
analytical	and	diagnostic	power	of	conventional	flow	
cytometry	in	a	highly	miniaturized	single	platform.	The	
system	contains	two-colour,	direct	immunofluroscence	
reagents	 for	 enumeration	 of	 mature	 CD4+	 T-cells	 in	
human	 blood.	 The	 kit	 consists	 of	 two	 monoclonal	
antibodies	 directly	 conjugated	 to	 PECy5	 and	 PE	 for	
CD3	 and	 CD4	 T-cell	 antigens.	 The	 CD3+	 cells	 are	
gated	 and	 the	CD3+	 and	CD4+	 cells	 are	 identified	 in	
the	 gate.	 The	 system	 showed	 good	 correlation	 with	
conventional	flow	cytometry	and	is	easy	to	operate.	It	
uses	smaller	blood	volume.	However,	 there	 is	a	need	
for	experienced	 technical	personnel	 for	operating	 the	
system63.	

(c) Partec CyFlow and Cyflow SL-3 volumetric system: 
CyFlow,	 a	 volumetric	 software,	 is	 another	 desktop	
single-platform	technology,	controlled	absolute	count	
system	 equipped	 with	 either	 a	 single	 532nm	 green	
solid-state	 laser	 used	 for	 one	 fluorescence	 parameter	
or	two	lasers	with	a	mercury	arc	lamp	applicable	for	2	
or	3-colour	analyses.	Data	acquisition	and	analysis	are	
performed	 in	 real	 time	with	 FlowMax	 software.	The	
system	showed	good	correlation	with	the	CD4	counts	
obtained	by	conventional	flow	cytometry64.	

Non-flow cytometric methods:	Although	flow	cytometry	
is	the	accepted	standard	method	for	the	determination	
of	 absolute	 counts	 of	 CD4+	 and	 CD8+	 T-cells,	 the	
methodology	 involved	 the	use	of	flow	cytometer	and	
haematology	 analyzer,	 which	 is	 expensive	 both	 in	
term	 of	 initial	 investment	 and	 maintenance	 as	 well	
as	 requiring	 highly,	 trained	 personnel.	 Thus	 it	 is	
unsuitable	 for	 routine	 use	 in	 most	 laboratories	 with	
limited	 facilities	 such	 as	 district	 hospitals.	An	 ideal	
CD4	 testing	 in	 a	 resource-poor	 setting	 would	 be	 an	
assay	which	is	simple,	uses	inexpensive	instrument	and	
minimum	training	period	 that	would	reliably	 identify	
CD4+	 T-cells	 without	 sacrificing	much	 accuracy	 and	
precision65,66.	 There	 are	 several	 alternative	 non-flow	
cytometric	technologies	available	for	determination	of	
absolute	CD4+	 and	CD8+	T-cells.	These	 technologies	
are	 cost-effective	 and	 thus	 might	 be	 suitable	 in	 the	
local	situation	in	the	resource-poor	settings.	Currently	
available	manual	assays	 rely	on	microscopes	(optical	
or	fluorescence).	Additionally,	these	require	the	use	of	
other	small	equipment	such	as	centrifuges	and	magnets.	
These	 tests	 are	 designed	 to	 operate	with	 low	 sample	
throughput	 in	 resource-limited	 laboratories	 but	 their	
running	costs	are	not	always	lower	when	compared	to	
the	automated	methods67.	
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(i) Coulter manual CD4 count assay: This	 manual	
CD4	 count	 kit	 contains	 CD4+	 cytospheres	 reagent,	
inert	 latex	 spheres	 coated	with	monoclonal	 antibody,	
used	to	identify	and	manually	enumerate	the	absolute	
number	of	CD4+	T-cells	by	visible	light	microscopy	in	
fresh	whole	blood.	The	coulter	assay	uses	small	latex	
anti-CD14	beads	(0.6	μm	diameter)	to	bind	monocytes	
thus	 blocking	 subsequent	 binding	 of	 larger	 anti-CD4	
coated	beads	(2.0	μm	diameter)	to	these	cells.	The	red	
blood	cells	are	 lysed	and	white	blood	cells	±	3	 large	
beads	 attached	 (CD4+	T-lymphocytes)	 are	 counted	 in	
a	 chamber	 using	 light	 microscopy68. The	 Cytosphere	
system	has	advantage	for	those	haematology	technicians	
who	 are	 familiar	 with	 the	 shapes	 of	 cells.	 Here	 the	
monocytes	are	not	removed	but	appear	different	under	
the	microscope,	so	the	bead-covered	CD4+	T	cells	can	
be	 counted.	 The	 Cytosphere	 system	 has	 been	 found	
to	 be	 a	 useful	 alternative	 to	 flow	 cytometry	 for	 the	
estimation	of	CD4	T-lymphocyte	counts,	 in	resource-
poor	 settings	 like	 Indian	 laboratories,	 for	monitoring	
HIV	progression	and	response	to	therapy69.	

(ii) Dynal T4-T8 quantitative assay: This	 non-flow	
cytometric	technology	is	based	on	the	use	of	anti	CD14-	
labelled	magnetic	beads	and	magnet	to	deplete	the	blood	
of	CD14	expressing	monocytes	followed	by	anti	CD4	
T-lymphocytes.	The	nuclei	of	the	CD4	positive	T-cells	
are	then	stained	and	counted	in	a	haemocytometer	under	
a	 microscope	 light	 or	 fluorescence	 microscopy.	 The	
method	has	been	validated	in	resource-poor	settings	in	
Africa.	The	method	showed	significant	correlation	with	
that	obtained	by	flow	cytometry	and	found	to	be	cost	
effective	 with	 US$	 3/test70.	 However,	 these	methods	
are	manual	 and	 labour	 intensive.	The	 automation	 by	
addition	 of	 image	 analysis	 software	 would	 increase	
the	potential	of	its	use	in	ART	monitoring.	The	system	
could	 be	 cheaper	 than	 other	 alternatives	 and	will	 be	
useful	 in	 small	 settings	 if	 it	 is	 backed	 up	 with	 flow	
cytometry	for	quality	assurance71.	

(iii) ELISA based counting systems (Capcellia ELISA 
and TRAx and Zymmune): The	 ELISA	 systems	
measure	CD4	 protein	 in	 the	 lysed	whole	 blood.	The	
system	could	be	used	in	96	well	formats,	thus	could	be	
automated	easily	and	can	be	used	on	a	 large	number	
of	 samples.	 The	 Capcellia	 immunocapture	 assay	 has	
been	used	to	estimate	CD4	counts	in	HIV	seropositives	
and	 compared	 with	 the	 CD4	 counts	 obtained	 using	
flow	cytometry	and	the	plasma	viral	load.	Capcellia	for	
CD4	+	and	CD8	+	T-	cell	counts	was	found	to	be	a	cost-
effective,	user-	 friendly	assay,	which	provides	counts	
that	 correlate	 well	 with	 HIV-1	 load	 measurements71.	

Another	study	done	by	the	same	group	showed	that	the	
test	can	be	a	useful	alternative	for	flow-based	method,	
however,	 the	 assay	 system	 has	 certain	 limitations	
inherent	 to	 ELISA	 techniques.	 Hence,	 these	 systems	
have	not	found	favour	with	the	investigators.	

	 CD4	count	estimation	from	dried	blood	spots	uses	
an	 antibody	 ‘sandwich’	 to	 capture	 and	 detect	 CD4	
proteins	in	the	sample.	One	study	in	Zambia	has	shown	
promise	in	the	methodology	showing	good	correlation	
with	 the	 conventional	 flow	 cytometry72,73.	 Detailed	
descriptions	of	the	above	explained	commercial	assays	
are	provided	in	Table	I.

Quality assurance in CD4 testing: Since	 the	 use	 of	
CD4+	 T-cell	 measurement	 has	 critical	 implications	
for	 the	 effective	 management	 of	 individuals	 at	 risk	
or	 infected	with	HIV	or	 progressing	 into	AIDS,	 it	 is	
crucial	 that	external	quality	control	 is	put	 in	place	 to	
ensure	that	the	test	results	from	individual	laboratories	
are	 equivalent.	 The	 aim	 of	 quality	 assurance	 is	 to	
ensure	 that	doctors	 and	patients	 are	getting	 the	 same	
information	from	the	laboratory	tests,	no	matter	which	
laboratory	 they	use	or	 the	methods	used	 there.	For	 a	
good	quality	control,	the	diurnal	variation	in	the	CD4	
counts	 should	 be	 considered	 as	 an	 important	 factor.	
To	 avoid	 such	 variations	 it	 is	 recommended	 that	 the	
sample	 should	 be	 collected	 at	 a	 specified	 time	 from	
an	individual.	Another	point	that	has	to	be	taken	into	
account	is	the	storage	of	sample	before	assessment.	This	
period	varies	with	the	methodology	used	and	location	
of	 the	 testing	 laboratory.	 Several	 sets	 of	 guidelines	
addressing	 quality	 control	 of	 flow	 cytometric	 CD4+ 
testing	have	been	developed.

	 Though	 there	 is	 at	 present	 no	 external	 quality	
control	 on	 non-flow	 cytometric	 CD4	 testing,	 it	 is	
important	that	accurate	daily	within	laboratory	(internal	
quality	control)	and	proficiency	test	or	external	quality	
assurance	programmes	(EQA)	be	employed	to	ensure	
the	 reliability	of	CD4	data.	Satisfactory	performance	
in	CD4	testing	EQA	is	recommended	for	HIV	research	
and	 clinical	 trial	 programmes	 in	 many	 parts	 of	 the	
world.	 For	 the	 most	 parts,	 internal	 control	 samples	
from	the	manufacturer	are	used	to	monitor	both	sample	
processing	 and	 instrument	 performance,	 however,	
internal	quality	control	practice	is	not	without	merit,	it	
does	not	provide	full-process	quality	control.	There	are	
very	 few	 laboratories,	 particularly	 in	 the	 developing	
world	participating	in	international	EQA	programmes	
such	 as	 United	 Kingdom	 National	 External	 Quality	
Assessment	 Schemes	 or	 UKNEQAS73.	 Proper	
transportation	of	specimens	and	reagents	is	necessary	
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Table I.	Summary	of	CD4+	T-	Lymphocyte	enumeration	assays
System Parameters

measured
Principle Comments

Positives	 Negatives	
Flowcytometric methodologies (automated)
FACScan
	or	
FACS	Count

CD4,	CD8,	CD3	•	
Abs	count
CD4:CD8	ratio•	

Micro-bead	based	•	
Two	color	mAbs	used	to	•	
determine:	

Abs.	CD4o +/CD3+		Th	cell	
count	
Abs.	CD8o +/CD3+		Tcytotoxic	
cell	count

Read-to-use	twin-tube	•	
reagents	tube
Known	no.	of	•	
fluorochrome	labeled	
beads	act	as:

Fluorescence	standardo 
Quantitation	standardo 

Accredited	and	approved	•	
technology

Assay	unable	to	•	
estimate	CD4	per	
cent.

EasyCD4	CD8
(Guava	Technologies)

CD4	Abs	count	•	 Microcapillary	cytometry•	
Two	color	direct	mAbs	used	•	
to	determine:

Abs.	CD4o +/CD3+		Th	cell	
count	

Highly	miniaturized•	
Good	correlation	•	
with	conventional	
Flowcytometry
Easy	to	operate•	
Small	vol.	of	blood	•	
required

Technical	•	
expertise	
required	
Assay	unable	to	•	
estimate	CD4	per	
cent.

Partec	Cyflow
or		
Cyflow	SL-3

CD4	Abs	count•	 Volumetric	software•	
For	1	parameter:•	

Single	532nm	solid-state	o 
green	laser	used	

For	2	or	3	parameters:•	
2	lasers	with	mercury	arc	o 
lamp

Data	acquisition,	analysis	•	
done	using	FlowMax		
software	

Real	Time	data	acquisition	•	
and	analysis
Good	correlation	•	
with	conventional	
Flowcytometry

Technical	•	
expertise	
required
Assay	unable	to	•	
estimate	CD4	per	
cent.

Non-flowcytometric methods
Coulter	Manual	CD4	
Count	

CD4	Abs	count•	 Light	microscopy	•	
Small	latex	anti-CD14	•	
beads	bind	to	monocytes;	
block	binding	of	larger	anti-
CD4	beads
RBCs	lysed•	
Monocytes	appear	different	•	
from	CD4	cell	covered	bead
WBCs	±	3	large	beads	•	
attached	(CD4+)	counted	
manually

Hematology	technicians	can	•	
perform	assay	
Fresh	blood	is		used	•	
Useful	alternative	to	flow	•	
cytometry	in	resource	poor	
settings

Prone	to	manual	•	
errors
Doesn’t	estimate	•	
CD4	per	cent

Dynal	T4-T8	
quantitative	assay

CD4	Abs	count•	 Light/fluorescence	•	
microscopy
Anti-CD14	labeled	•	
magnetic	beads	bind	
monocytes
Magnet	separates	CD14+	•	
monocytes
Nuclei	of	CD4+	T-cells	•	
stained;	counted	in	a	
hemocytometer	

Method	validated	for	•	
settings	in	Africa
significant	correlation	•	
with	conventional	
Flowcytometry
cost	effective•	

prone	to	manual	•	
error
labor	intensive•	
scale-up:	a	•	
challenge

ELISA	based	
counting	systems	
(Capcellia	ELISA	
and	TRAx	and	
Zymmune)

CD4	protein	•	
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for	quality	assessment	management	and	availability	of	
good	quality	reagent	at	remote	places.	A	technology	that	
is	being	developed	and	refined	at	present	is	a	fixative	that	
allows	blood	samples	to	be	stored	and	transported	over	
5	days	(or	even	slightly	longer)	without	loss	of	accuracy	
in	test	results.	The	high	cost	of	these	programmes	has	
been	a	major	burden,	making	their	implementation	in	
resource-poor	 countries	 difficult.	 However,	 there	 are	
free	EQA	programmes	such	as	Quality	Assessment	and	
Standardization	for	Immunological	Measures	Relevant	
to	 HIV/AIDS	 (QASI)74-76,	 in	 spite	 of	 their	 irregular	
schedules;	these	are	useful	and	cost	saving.

CD8 cell count: Two	 types	of	T	 cells	 carry	 the	CD8	
surface	 molecule:	 T-suppressor	 cells,	 which	 inhibit	
immune	 responses,	 and	killer	T	cells	 (also	known	as	
cytotoxic	T	lymphocytes,	or	CTLs),	which	target	and	
kill	 infected	or	cancerous	cells.	As	with	CD4	cells,	a	
variety	of	factors	can	cause	CD8	cell	counts	to	fluctuate.	
CD8	cell	counts	typically	rise	over	time	in	people	with	
HIV,	but	(unlike	CD4	cells)	CD8	cell	numbers	do	not	
independently	 predict	 disease	 progression,	 and	 their	
relation	to	immune	status	is	not	well	understood.	

CD4 and CD8 Cell percentage: Because	absolute	CD4	
and	CD8	cell	counts	are	so	variable,	some	physicians	
prefer	 to	 look	 at	 CD4	 or	 CD8	 cell	 percentages,	 the	
proportion	 of	 all	 lymphocytes	 that	 are	 CD4	 or	 CD8	
cells.	 Percentages	 are	 usually	more	 stable	 over	 time	
than	 absolute	 counts.	A	 normal	 CD4	 cell	 percentage	
in	 a	 healthy	 person	 is	 about	 30-60	 per	 cent,	while	 a	
normal	CD8	cell	percentage	is	15-40	per	cent77.	

CD4/CD8 cell ratio: The	CD4/CD8	cell	ratio	will	also	
be	reported.	This	is	calculated	by	dividing	the	CD4	cell	
count	by	the	CD8	cell	count.	A	normal	CD4/CD8	cell	
ratio	 is	about	0.9-3.0	or	higher,	 there	are	at	 least	1-3	
CD4	cells	for	every	CD8	cell.	In	people	with	HIV	this	
ratio	may	be	much	lower,	with	many	more	CD8	cells	
than	CD4	cells78.	

HIV viral load tests

	 Viral	load	tests	measure	the	amount	of	HIV	RNA	in	
the	blood.	The	presence	of	RNA	indicates	that	the	virus	
is	 actively	 replicating	 (multiplying).	Along	 with	 the	
CD4	cell	count,	viral	load	is	one	of	the	most	valuable	
measures	 for	predicting	HIV	disease	progression	and	
gauging	when	anti-HIV	treatment	is	indicated	and	how	
well	 it	 is	 working.	 Viral	 load	 is	 expressed	 either	 as	
copies	of	RNA	per	milliliter	of	blood	(copies/ml)	or	in	
terms	of	logs.	A	log	change	is	an	exponential	or	10-fold	
change.	For	example,	a	change	from	100	to	1,000	is	a	1	
log	(10-fold)	increase,	while	a	change	from	1,000,000	

to	 10,000	 is	 a	 2	 log	 (100-fold)	 decrease.	 If	 the	 level	
of	HIV	is	too	low	to	be	measured,	viral	load	is	said	to	
be	undetectable,	 or	 below	 the	 limit	 of	 quantification.	
However,	undetectable	viral	 load	does	not	mean	 that	
HIV	 has	 been	 eradicated;	 people	 with	 undetectable	
viral	load	maintain	a	very	low	level	of	virus.	Even	when	
HIV	is	not	detectable	in	the	blood,	it	may	be	detectable	
in	the	semen,	female	genital	secretions,	cerebrospinal	
fluid,	tissues,	and	lymph	nodes79-81.	

	 Primary	HIV	 infection	 (PHI)	 can	 include	 a	 self-
limited	period	of	flu-like	 symptoms	occurring	during	
the	first	weeks	of	HIV-1	infection.	It	is	associated	with	
peak	levels	of	HIV-1	RNA	viremia,	which	subsequently	
declines	until	reaching	a	set	point,	where	levels	remain	
for	months	to	years.	Initial	studies	suggested	that	those	
with	 more	 symptomatic	 acute	 infection	 and	 longer	
duration	of	 illness	have	 faster	 rates	of	progression	 to	
AIDS82.	 The	 presence	 of	 symptoms	 has	 conversely	
been	 correlated	 with	 faster	 clearance	 of	 the	 virus,	
however,	 suggesting	 that	 symptoms	 may	 indicate	 a	
beneficial	 immunologic	 response.	 In	 addition,	 data	
from	 a	 cohort	 of	 acutely	 infected	 African	 women	
showed	association	of	more	symptomatic	disease	with	
higher	pre-seroconversion	viral	 loads	and	 increase	 in	
mortality	independent	of	viral	load	set	point82.

	 A	 viral	 load	 of	 100,000	 copies/ml	 or	 greater	 is	
considered	high,	while	levels	below	10,000	copies/ml	
are	considered	 low.	Research	has	consistently	 shown	
that	higher	viral	loads	are	associated	with	more	rapid	
HIV	disease	progression	and	an	increased	risk	of	death.	
Current	 U.S.	 HIV	 treatment	 guidelines82	 recommend	
that	people	should	consider	starting	treatment	if	 their	
viral	load	is	above	55,000	copies/ml	(revised	upward	
from	 10,000	 copies/ml	 in	 the	 previous	 guidelines).	
Importantly,	 most	 studies	 that	 have	 correlated	 viral	
load	and	HIV	disease	progression	have	been	done	 in	
men;	more	recent	research	indicates	that	women	may	
progress	to	AIDS	at	lower	viral	load	levels,	suggesting	
that	the	treatment	threshold	should	perhaps	be	revised	
downward	for	women83.	

	 Effective	anti-HIV	treatment	can	often	reduce	viral	
load	to	low	or	undetectable	levels.	Therapy	that	does	
not	produce	an	undetectable	viral	load	is	often	said	to	
be	failing.	Another	warning	sign	is	viral	breakthrough,	
an	increase	in	viral	load	following	earlier	suppression.	
Inability	 to	 achieve	 an	 undetectable	 viral	 load	 may	
mean	 that	 a	 person’s	 HIV	 is	 resistant	 to	 the	 drugs	
being	used.	Providers	often	take	this	as	an	indication	
to	 change	 or	 add	 new	 drugs	 to	 a	 person’s	 anti-HIV	
regimen.	 However,	 research	 suggests	 that	 therapy	
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that	 substantially	 decreases	HIV	 levels	 (especially	 if	
it	 reduces	 them	 to	 below	10,000	 copies/ml)	 is	 likely	
to	be	beneficial	even	 if	 it	does	not	achieve	 the	“gold	
standard”	of	undetectability79,80.	

	 Combination	 therapy	 with	 antiretroviral	 drugs	
suppresses	virus	replication,	delays	disease	progression,	
and	reduces	mortality.	In	industrialized	settings,	plasma	
viral	load	assays	are	used	in	combination	with	CD4	cell	
counts	to	determine	when	to	initiate	therapy	and	when	a	
regimen	is	failing.	In	addition,	unlike	serologic	assays,	
these	assays	may	be	used	to	diagnose	perinatal	or	acute	
HIV-1	 infection.	 Unfortunately,	 the	 full	 benefits	 of	
antiretroviral	drugs	and	monitoring	tests	have	not	yet	
reached	 the	majority	 of	HIV-1-infected	 patients	who	
live	in	countries	with	limited	resources84,85.	

Viral load measurement in high-income countries:	
In	 high-income	 countries,	 determination	 of	 the	
CD4	 cell	 count	 and	 viral	 load	 is	 used	 to	 determine	
whether	antiretroviral	treatment	is	indicated,	and	viral	
load	data	are	used	 to	find	out	whether	antiretroviral	
treatment	 is	successful83,84.	When	viral	 replication	 is	
suppressed	to	low	levels,	resistance	mutations	cannot	
emerge,	 and	 a	 durable	 treatment	 response	 ensues.	
Viral	 replication	 in	 the	 presence	 of	 antiretroviral	
treatment	 favours	 selection	 of	 resistance	 mutations	
and	 treatment	 failure.	 Viral	 load	 assays	 and	 drug	
resistance	 tests	 are	 used	 routinely	 in	 high-income	
settings	to	guide	most	treatment	decisions.	Viral	load	
measurements	are	optimally	used	to	guide	treatment	
when	two	conditions	are	met.	First,	effective	plasma	
drug	 levels	must	 be	 assured.	 It	would	 be	 erroneous	
to	conclude	 that	 treatment	has	 failed	 if	 the	patient’s	
adherence	 is	 poor	 or	 if	 the	 regimen	 has	 not	 been	
taken	 as	 prescribed.	 Second,	 alternative	 drugs	must	
be	available.	In	the	absence	of	alternatives	to	a	failing	
regimen,	the	use	of	resources	for	viral	load	testing	is	ill	
advised.	In	high-income	countries,	120	antiretrovirals	
are	 now	 available,	 providing	 options	 for	 second-,	
third-,	 and	 even	 fourth-line	 (“salvage”)	 regimens,	
and	new	molecules,	such	as	third-generation	protease	
inhibitors	(PIs),	integrase	inhibitors	(IIs),	and	CCR5	
inhibitors,	 will	 further	 expand	 the	 possibilities	 for	
salvage	 therapy.	 However,	 only	 a	 few	 second-line	
drugs	 are	 available	 in	 resource-limited	 settings.	
Although	 there	 is	 a	 consensus	 on	 the	 triggers	 for	
initiation	of	treatment	(CD4cell	count,	200-350	cells/
ml)	and	on	the	viral	load	targets	during	treatment	(the	
viral	load	should	be	“undetectable,”	meaning	that	the	
HIV	RNA	 level	 is	150	 to	400	copies/ml,	depending	
on	 the	 assay’s	 sensitivity),	 opinions	 diverge	 on	 the	

critical	issue	of	the	appropriate	response	to	low-level	
viremia	 in	 patients	who	 are	 receiving	 treatment86,87.	
In	high-income	settings,	some	clinicians	interpret	any	
sustained,	detectable	viremia	(viral	load,	150	copies/
ml)	 as	 treatment	 failure	 that	 necessitates	 a	 change	
in	 the	 regimen,	 because	 some	 resistance	 mutations	
are	likely	to	emerge	even	with	low-level	replication.	
Others	 take	 a	 more	 flexible	 approach,	 weighing	
clinical	 and	 immunologic	 measures	 of	 treatment	
success,	 especially	 in	heavily	 treatment-experienced	
patients	whose	 options	 for	 active	 antiretrovirals	 are	
limited.	Also,	 for	 any	given	viral	 load,	 the	decrease	
in	 the	CD4	cell	 count	 is	 slower	 in	patients	who	are	
infected	with	 drug-resistant	HIV	 than	 in	 those	who	
are	 infected	 with	 wild-	 type	 HIV88.	 In	 some	 triple-
class-experienced	 patients,	 CD4	 cell	 counts	 may	
remain	stable	for	months	or	years,	provided	that	 the	
viral	load	does	not	exceed	10,000	copies/ml89-91.

Viral load assays currently used in developed countries:	
Currently	there	are	three	HIV-1	RNA	assays	licensed	
by	 the	United	States	Food	 and	Drug	Administration:	
Roche	 Amplicor	 HIV-1	 Monitor	 Test,	 version	 1.5,	
bioMérieux	NucliSens	HIV-1	QT	Assay,	 and	Versant	
HIV-1	RNA	3.0	Assay	(bDNA).	Other	viral	load	tests	
--	 Organon	 Teknika’s	 nucleic	 acid	 sequence-based	
assay	 (NASBA)	 and	 Digene’s	 DNA	 hybridization	
test	 are	 newer	 and	 less	 widely	 used92-98.	While	 first-
generation	 tests	 measured	 viral	 load	 down	 to	 about	
400	 copies/ml,	 the	 ultrasensitive	 second-generation	
tests	 in	 widespread	 clinical	 use	 today	 have	 a	 lower	
limit	of	detection	of	about	50	copies/ml;	some	tests	can	
measure	as	 few	as	5	copies/ml.	The	older-generation	
tests	 are	 better	 at	 measuring	 high	 viral	 loads,	 while	
the	 newer	 tests	 more	 accurately	 measure	 low	 viral	
loads.	However,	 these	 kits	 are	 expensive	 (kit	 cost	 of	
$50-$100/test	in	the	US),	and	rely	on	expensive,	often	
dedicated	equipment	that	can	only	be	used	for	that	assay.	
Although	the	manufacturers	are	decreasing	kit	costs	and	
in	some	instances	equipment	costs	for	resource-limited	
countries,	these	assays	are	still	technologically	complex	
and	 require	physical	 resources,	 such	as	uninterrupted	
electricity,	air	conditioning,	and	access	to	clean	water,	
that	may	not	be	available	in	less-developed	countries99.	
Newer	 assays	 making	 use	 of	 real-time	 polymerase	
chain	 reaction	 (Roche	 TaqMan,	 Abbott	 RealTime)	
or	 molecular	 beacon	 technology	 (Retina	 Rainbow,	
NucliSens	EasyQ)	are	also	available,	but	have	not	yet	
been	approved	by	the	Food	and	Drug	Administration,	
and	very	 few	reports	have	been	published	describing	
their	use.
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Barriers to using current viral load assays in resource-
limited settings:	 Human	 resources	 and	 infrastructure	
that	 might	 be	 readily	 available	 in	 major	 cities,	 such	
as	trained	personnel,	clean	water,	and	electricity,	may	
not	be	found	in	rural	areas.	Reference	laboratories	that	
have	 the	 personnel,	 equipment,	 and	 infrastructure	 to	
perform	CD4	cell	counts	and	viral	load	testing	may	lack	
the	 resources	 to	purchase	 the	kits.	Thus,	what	works	
for	one	country,	or	even	for	one	city	within	a	country,	
may	not	apply	in	all	resource-limited	settings.	Options	
available	 to	 developing	 countries	 include	performing	
the	 laboratory	 testing	at	 the	 local	 site	or	 transporting	
the	specimens	to	the	reference	laboratories	for	testing.	
A	well-defined	infrastructure	is	needed	to	ensure	proper	
specimen	handling	and	efficient	results	reporting.	While	
viral	load	kit	prices	have	been	decreasing	for	resource-
poor	 countries,	 the	 cost	 of	 assay	disposables	 and	 the	
establishment	 of	 infrastructure	 still	 limit	 the	 utility	
of	HIV-1	RNA	 for	monitoring	ARV	 therapy	 in	most	
resource-limited	settings.	Inexpensive,	technologically	
simpler	assays	are	still	needed100-102.	

Viral load assays

Ultrasensitive p24 antigen assay (PerkinElmer Life 
and analytical sciences): The	ultrasensitive	p24	(Ultra	
p24)	antigen	assay	uses	a	standard	ELISA	format	for	the	
capture	and	detection	of	HIV-1	p24	antigens	coupled	
with	 a	 specific	 amplification	 process	 to	 increase	 the	
assay	 sensitivity.	 Heat	 denaturation	 of	 the	 plasma	
prior	 to	 binding	 of	 p24	 antigen	 in	 the	 ELISA	 step	
helps	dissociate	 immune	complexes	and	denature	 the	
antibodies	so	that	these	no	longer	compete	for	binding	
to	the	p24	antigen.	The	dynamic	range	of	the	assay	can	
be	increased	by	using	a	kinetic	read-out	with	the	Quanti-
Kin	Detection	System	Software103.	Optimization	of	the	
standard	p24	antigen	assay	includes	an	external	reagent	
that	improves	the	antigen	detection	sensitivity,	perhaps	
by	greater	dissociation	of	the	immune	complexes104.	

	 p24	 antigen	 detection	 is	 a	 significant	 inverse	
correlate	 of	 CD4	 cell	 changes	 in	 virally	 suppressed	
patients	as	well	as	in	patients	studied	longitudinally	who	
were	 either	 treatment	 naïve	 (85%	 of	 the	 population)	
or	 treated	 with	 dual	 nucleoside	 reverse	 transcriptase	
inhibitors	 (15%)	 or	 were	 on	 a	 structured	 treatment	
interruption	 study105.	 In	 one	 study	 researchers	 have	
found	that	the	p24	antigen	results	are	seemed	to	mirror	
of	 the	 RNA	 results.	 Use	 of	 the	 external	 buffer	 has	
improved	 the	 sensitivity	 of	 the	 assay	 2-	 to	 5-fold	 as	
well	as	the	correlation	with	HIV-1	RNA106.	Diagnosis	
of	perinatal	HIV	infection	is	hindered	by	the	presence	

of	 maternal	 immunoglobulins,	 which	 can	 persist	 in	
the	infant	for	as	 long	as	15-18	months.	Thus,	routine	
antibody	assays	cannot	be	used	 to	diagnose	 infection	
until	after	maternal	antibodies	have	waned107-111.

Cavidi ExaVir load reverse transcriptase assay: The	
reverse	 transcriptase	 (RT)	 enzyme	 is	 extracted	 from	
the	virus	particle	in	the	Cavidi	RT	assay	using	a	solid	
phase	 extraction	 manifold,	 and	 is	 quantified	 in	 a	
functional	assay	whereby	RT	synthesizes	BrdU-DNA	
from	 a	 poly-A	 template	 bound	 to	 a	 96-well	 plate112.	
Synthesized	DNA	 is	 then	quantified	using	 anti-BrdU	
conjugated	 to	 alkaline	 phosphatase	 followed	 by	
the	 addition	 of	 its	 substrate.	 The	 RT	 activity	 in	 the	
unknown	sample	is	compared	to	that	of	a	recombinant	
RT	enzyme	standard	with	a	known	concentration.	The	
extrapolated	result	 is	 reported	as	fg	RT/ml	of	plasma	
or	 as	HIV-1	RNA	equivalents/ml	 using	 a	 conversion	
factor	supplied	by	the	manufacturer.	

	 The	 assay	 has	 undergone	 revisions	 to	 improve	
sensitivity113.	 Since	 the	 assay	 measures	 a	 virion-
associated	 enzyme,	 results	 are	 usually	 more	
comparable	 to	 plasma	 RNA114.	 Additionally,	 since	
this	is	a	functional	assay	for	RT	and	does	not	rely	on	
specific	protein	or	nucleic	acid	sequences,	it	performs	
well	when	quantifying	any	HIV-1	subtype115-117.	

	 Since	 this	 assay	 is	 newer	 than	 the	 Ultra	 p24	 
antigen	 assay,	 fewer	 data	 are	 available	 and	 most	 
studies	 have	 been	 conducted	 either	 by	 or	 in	
collaboration	with	 the	manufacturer.	Scientists	have	
compared	 the	 Roche	 RNA	 assay	 with	 both	 Ultra	
p24	antigen	(external	buffer)	and	 the	earlier	version	
(version	 1.0)	 of	 the	 Cavidi	 RT	 assay	 and	 found	
excellent	correlation	between	RNA	and	RT	results.	

Real-time PCR/molecular beacon assays: Real-
time	PCR	 such	 as	TaqMan	 and	Abbott	RealTime,	 or	
molecular	 beacon	 assays	 such	 as	Retina	Rainbow	or	
NucliSens	EasyQ,	might	be	useful	for	measuring	viral	
load	in	resource-limited	countries118,119.	Real-time	PCR	
detects	 amplicon	 production	 in	 real	 time	 with	 each	
PCR	cycle,	and	thus	does	not	rely	on	post-amplification	
detection	 of	 amplicons,	 which	 helps	 reduce	 the	
possibility	of	contamination	and	improves	turn	around	
time120,121.	However,	commercially	available	real-time	
PCR	assays	are	just	as	expensive	as	the	more	standard	
nucleic	 acid	 viral	 load	 tests	 and	 also	 use	 expensive	
equipment.	 The	 use	 of	 in-house	 versions	 of	 these	
assays	 can	 help	 to	 reduce	 kit	 costs,	 but	 laboratories	
must	 provide	 their	 own	 reagents	 such	 as	 primers	
and	 probes,	 and	 optimize	 their	 methods.	 In	 settings	
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with	multiple	HIV-1	 subtypes,	 care	must	be	 taken	 in	
selecting	 reagents	 and	 amplification	 conditions,	 such	
as	annealing	 temperatures.	Quality	assurance	of	each	
batch	of	such	reagents	remains	problematic.	

The Abbott RealTime HIV-1 assay:	 The	 Abbott	
RealTime	 HIV-1	 assay	 is	 an	 in vitro	 RT-PCR	 assay	
for	 the	 quantitation	 of	 HIV-1	 on	 the	 automated	
m2000	System	in	human	plasma	from	HIV-1	infected	
individuals	over	the	range	of	40	to	10,000,000	copies/
ml.	The	Abbott	RealTime	HIV-1	assay	is	intended	for	
use	in	conjunction	with	clinical	presentation	and	other	
laboratory	markers	 for	 disease	prognosis	 and	 for	use	
as	 an	 aid	 in	 assessing	viral	 response	 to	 antiretroviral	
treatment	 as	 measured	 by	 changes	 in	 plasma	 HIV-1	
RNA	levels.		This	assay	is	not	intended	to	be	used	as	a	
donor	screening	test	for	HIV-1	or	as	a	diagnostic	test	to	
confirm	the	presence	of	HIV-1	infection.

The NucliSENS EasyQ HIV-1 assay:	 For	 the	
NucliSENS	 EasyQ	HIV-1	 assay,	 primers	 and	 probes	
have	been	designed	based	on	a	well-conserved	region	
of	the	gag gene.	The	assay	is	based	on	the	nucleic	acid	
sequence-based	 amplification	 (NASBA)	 technology,	
which	 is	 a	 sensitive,	 isothermal,	 transcription-based	
amplification	 system	 specially	 designed	 for	 the	
detection	of	RNA	targets	and,	interestingly,	cleans	up	
the	 interference	 effect	 of	 any	DNA	background.	The	
method	uses	the	simultaneous	enzymatic	activities	of	
avian	RT,	ribonuclease	H	and	bacteriophage	T7	RNA	
polymerase.	The	generated	amplicons	are	detected	by	
molecular	beacons	 (hairpin	probes	with	a	fluorescent	
dye	and	a	quencher	at	the	end).	During	the	amplification	
process	there	is	a	constant	growth	in	the	concentration	
of	 amplicons	 to	 which	 the	 beacons	 can	 bind	 while	
generating	fluorescent	signals.	The	overall	fluorescence	
curve	 contains	 kinetic	 information	 on	 both	 amplicon	
formation	 and	beacon	binding.	Quantification	 can	be	
made	by	considering	the	amplicon	formation	rate	from	
the	viral	RNA,	taking	as	reference,	the	fixed	amount	of	
calibrator	RNA.	The	linear	dynamic	range	of	the	lastest	
version	of	the	assay,	the	NucliSENS	EasyQ	HIV-1	v2.0,	
runs	from	10	(1	log)	to	10,000,000	(7	log)	HIV-RNA	
copies/ml	when	1	ml	of	plasma	is	examined.	

	 Although	 the	 NucliSens	 EasyQ	 assay	 has	 been	
evaluated	 in	 South	 Africa122	 and	 China123,	 and	 the	
Abbott	 RealTime	 assay	 in	 Brazil124,125,	 in	 general	
these	assays	do	not	provide	a	simple,	less	expensive	
alternative	to	viral	load	monitoring	in	resource-limited	
settings.	 Low-level	 contamination	 and	 a	 relatively	
high	 frequency	 of	 invalid	 results	 requiring	 repeat	

testing	were	 some	 of	 the	 problems	 cited	with	 these	
studies.
The COBAS TaqMan HIV-1 assay:	 The	 COBAS	
TaqMan	HIV-1	assay	was	 the	first	RT-PCR	detection	
method	available.	The	targeted	viral	genome	is	a	highly	
conserved	region	of	the	gag	gene.	Quantification	of	HIV-
RNA	is	made	using	a	second	target	sequence,	the	HIV-1	
quantitation	standard	(QS),	a	known	concentration	of	
which	is	added	to	each	test	specimen.	The	QS	amplicons	
have	the	same	length	and	base	composition	as	HIV-1	
target	amplicons.	Detection	of	the	QS	binding	region	
has	been	modified	to	discriminate	from	the	target.	The	
use	of	dual-labelled	fluorescent	probes	allows	a	 real-
time	 detection	 of	 the	 accumulation	 of	 PCR	 products	
by	 monitoring	 the	 emission	 intensity	 of	 fluorescent	
reporter	 dyes	 released	 during	 the	 amplification	
process.	 The	 amplification	 of	 HIV-RNA	 and	 QS	 are	
measured	independently	at	different	wavelengths.	This	
process	is	repeated	for	a	designated	number	of	cycles,	
each	one	effectively	increasing	the	emission	intensity	
of	 the	 individual	 reporter	 dyes,	 allowing	 a	 separate	
recognition	of	HIV-1	and	QS.	The	exponential	growth	
decay	 in	 the	 curve	of	 the	PCR	amplification	directly	
correlates	with	the	baseline	amount	of	genetic	material.	
The	test	may	quantify	HIV-RNA	over	a	dynamic	range	
of	48-10,000,000	copies/ml.
	 TaqMan	real-time	PCR	is	being	routinely	used	for	
infant	diagnosis	and	patient	monitoring126.	The	limit	of	
quantitation	for	this	assay	was	300	copies/ml	and	RNA	
results	 were	 highly	 correlated	 with	 both	 the	Versant	
and	the	Monitor	HIV-1	RNA	assay.	The	assay	showed	
100	per	cent	sensitivity	and	specificity	when	used	in	the	
early	diagnosis	of	 infants	 compared	with	 the	Versant	
assay127-129.
In-house real time PCR assay:	The	In-house	real	time	
PCR	assays	quantify	HIV	RNA	and	have	a	published	
dynamic	ranging	from	1-300	to	10,000,000	copies	or	
IU/ml	using	0.2-7	ml	plasma.	Viral	RNA	is	extracted	
using	kits	or	in-house	methods.	The	RNA	is	amplified	
and	detected	using	real	time	PCR	technology.
	 Real	 time	 PCR	 assays	 provide	 faster	 detection	
and	increased	linear	range	to	end	point	PCR	reagents,	
equipment,	 technical	 complexity,	 and	 lack	 of	 quality	
control	of	these	assays	make	these	unsuitable	for	many	
laboratories	 in	 resource-limited	 countries.	 Similar	 to	
other	nucleic	acid	based	tests,	laboratory	infrastructure,	
staff	expertise	and	contamination	issues	limit	the	utility	
of	the	real-time	viral	nucleic	acid	based	tests	in	many	
regions.	Detailed	descriptions	of	 the	above	explained	
commercial	assays	are	provided	in	Table	II.

812		 INDIAN	J	MED	RES,	DECEMBER	2011



Steps to reduce the cost of viral load testing:	 First,	
each	country	must	determine	if	the	assay	will	quantify	
subtypes	 common	 in	 the	 region	 and	 is	 appropriate	
for	 the	 technical	 staff	 and	 laboratory	 equipment	
available.	Infrastructure	limitations	impose	significant	
barriers	 to	 implementation.	 Infrastructure	 includes	
both	 physical	 resources	 (water,	 reliable	 electricity,	
air	conditioning,	refrigeration,	other	equipment)	and	
human	 resources	 (trained	 technologists).	 Training	
tools,	 trainers,	 guidelines,	 and	 consensus	 protocols,	
as	well	as	monitoring	and	evaluation	tools,	including	
proficiency	 testing	 programmes,	 all	 need	 to	 be	
established.	Costs	must	be	taken	into	consideration	-	
not	only	the	costs	of	the	kits,	reagents,	and	supplies,	
but	also	the	cost	of	equipment	purchase,	maintenance,	
kit	 procurement	 and	 the	 cost	 of	 labour.	 Once	 the	
assay	 is	 deemed	 acceptable,	 clinical	 validation	
studies	in	relevant	populations	are	required	to	prove	
comparability	 to	 the	 gold	 standard	 with	 respect	 to	
sensitivity,	 specificity,	 precision,	 reproducibility,	
dynamic	 range,	 and	 linearity.	 It	 is	 imperative	 that	
the	 laboratory	 performing	 the	 gold	 standard	 assay	
is	 participating	 in	 national	 or	 international	 quality	
assurance	 programmes	 for	 the	 comparisons	 to	 be	
meaningful.	 Lastly,	 there	 must	 be	 acceptance	 and	
understanding	by	the	clinicians	who	will	use	the	new	
assay.	 This	 will	 require	 involvement	 and	 education	
of	clinicians	with	results	from	the	clinical	validation	
studies.	Communication	at	a	high	level	between	those	
implementing	 laboratory	 monitoring	 tests	 and	 the	
clinicians	 advising	 government	 on	 the	 use	 of	ARV	
therapy	has	been	lacking130.

HIV diversity vs viral load:	HIV	diversity	is	a	critical	
point	to	be	considered	for	the	development	of	genomic	
amplification	techniques,	particularly	for	plasma	viral	
load	assays.	On	the	one	hand,	from	an	epidemiological	
point	 of	 view,	 in	 the	United	States	 and	Europe	 there	
is	an	increasing	number	of	patients	newly	infected	by	
non-B	 subtypes,	 especially	 by	CRF02_AG	 strains131.	
In	France,	the	proportion	of	non-B	subtypes	increased	
dramatically	between	1995	and	2002	and	has	remained	
stable	 since	 2003132.	 Indeed,	 almost	 40	 per	 cent	 of	
the	newly	diagnosed	patients	are	infected	by	a	non-B	
subtype.	The	increasing	diversity	of	HIV-1	viruses	in	
France,	 even	 in	 Caucasian	 patients	 diagnosed	 at	 the	
time	of	primary	infection,	was	recently	described	in	the	
French	ANRS	CO06	primo	cohort	study132.	Moreover,	
in	resource-limited	countries,	where	90	per	cent	of	new	
infections	occur,	there	is	increasing	access	to	ART	for	
HIV-infected	people133.

	 It	is	important	to	use	appropriate	viral	load	assays	
able	to	span	this	genetic	diversity	for	the	management	
of	naïve	and	also	ARV-treated	patients.	To	verify	this	
critical	point,	there	is	a	need	of	comparative	studies	for	
the	determination	of	the	sensitivity	of	existing	assays	
and	their	ability	to	amplify	RNA,	especially	for	non-B	
subtypes134.

	 This	 point	 is	 a	 major	 criterion	 to	 be	 considered	
for	 the	 development	 of	 assays	 able	 to	 amplify	 the	
different	 HIV-1	 subtypes.	 Indeed,	 recent	 data	 have	
suggested	viral	load	discrepancies	between	commercial	
quantitative	assays,	especially	for	the	quantification	of	
non-B	 sub-type	 strains.	To	 achieve	 a	high	 sensitivity	
threshold,	 a	 judicious	 choice	 of	 HIV-1	 gene	 targets,	
primers,	 and	 probes	 is	 critical.	 Updated	 versions	 of	
the	 NucliSens	 EasyQ	 and	 Roche	 Cobas	Ampliprep/
Cobas	TaqMan	HIV-1	tests	were	recently	introduced	in	
order	to	improve	the	ability	of	their	former	versions	to	
amplify	non-B	subtypes135,136.

	 A	prospective	study	was	conducted	to	compare	4	
real-time	commercial	tests,	namely	the	Abbott	m2000	
RealTime,	bioMe´rieux	NucliSens	EasyQ,	version	1.2	
(v1.2),	 and	 Roche	 Cobas	AmpliPrep-Cobas	 TaqMan	
v1.0	and	v2.0	assays,	for	HIV-1	RNA	quantification	in	
blood	plasma	from	a	cohort	of	patients	that	tested	positive	
for	HIV-1	for	the	first	time137.	The	study	is	focused	on	
samples	taken	from	a	French	cohort,	including	B-	and	
CRF02_AG-infected	 patients.	 Globally,	 NucliSens	
EasyQ	v1.2	seems	to	differ	from	CAP/CTM	v1.0,	CAP/
CTM	 v2.0,	 and	 m2000	 RealTime.	 However,	 results	
also	 underline	 the	 limitation	 of	 automated	 real-time	
protocols	 for	non-B	HIV-1	subtypes,	despite	a	 recent	
improvement	 of	 the	 sensitivity	 of	 these	 assays	 with	
these	strains,	with	the	possibility	of	wide	discrepancies	
and	 the	misestimating	 of	 the	 viral	 load.	As	 a	whole,	
these	observations	speak	 in	favour	of	using	 the	same	
assay	 for	 monitoring	 treatment	 of	 HIV-1-infected	
patients,	 for	 resistance	studies,	 and	 for	clinical	 trials,	
eventually,	after	testing	for	the	most	appropriate	assay	
for	non-B	subtypes.

Surrogate markers for HIV monitoring

	 The	 majority	 of	 individuals	 with	 HIV-1	
infection	present	with	no	signs	or	symptoms,	or	only	
lymphadenopathy.	To	 initiate	 prophylactic	measures	
in	time	it	is	necessary	to	establish	risk	criteria.	CD4+ 
cell	counts	are	significant	predictors.	Supplementary	
methods	 to	 improve	 the	 predictive	 information	 of	
CD4+	cell	counts	are	still	required.	In	addition,	CD4+ 
cell	counting	is	labourious,	expensive,	and	restricted	
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Technique Detection	 
limits

Markers	 
measured

Comments
Positives Negatives

Roche	Molecular	
Systems	(COBAS	
Manual	&	Automated)

Lower		limit:	
~47copies/ml

HIV-1	RNA	 Applicable	to	all	clades	A,	B,	•	
C,	D,	E,G
0.5	ml	plasma	required•	
High	throughput•	
Can	be	used	for	other	•	
diseases

High	cost•	
Requires	trained	personnel	and	•	
support
Specific	space	&	infrastructure	•	
demand
Underestimation	in	case	of	non	•	
B	subtype	recorded

Bayer	Diagnostics	
(VERSANT	 
bDNA	3.0)

Lower	limit:	 
~75	copies/ml	 
(in	U.S);	~50	
copies/ml	 
(outside	U.S)

HIV-1	RNA Applicable	to	all	clades	A,	B,	•	
C,	D,	E,G
Risk	of	contamination:	Low•	
Can	be	used	for	other	•	
diseases

High	cost•	
Requires	trained	personnel	and	•	
support
Specific	space	&	infrastructure	•	
demand
Requires	1.0	ml	plasma•	

bioMérieux	 
[Organon	Teknika	
nucliSens	QT]

Lower	limit:	 
~176	copies/ml	
(2.0ml);	~400	
copies/ml	(0.2ml)

HIV-1	RNA Compatible	with	Dried	blood	•	
spots	as	well	as	all	body	
fluids	
Applicable	to	all	clades	A,	B,	•	
C,	D,	E,G
Can	be	used	for	other	•	
diseases

High	cost•	
Requires	trained	personnel	and	•	
support
Specific	space	&	infrastructure	•	
demand	
Requires	1.0	ml	plasma•	
Prone	to	contamination•	
Underestimation	in	case	of	non	•	
B	subtype	recorded

PerkinElmer	
Ultrasensitive	p24

Cutoff	
approximately	
~30,000	copies/
ml	with	current	
kit;	when	external	
regents	used,	
cutoff:	~5,000	
copies/ml

p24	antigen High	throughput•	
0.05	ml	plasma	required•	
Can	be	used	for	pediatric	•	
diagnosis
Training	through	CDC,	UNC,	•	
Rush,	company
User	friendly•	
<1	day	turnaround	time•	
Equipment	can	be	shared	•	
with	ELISA

Further	evaluation	required	for:•	
Clinical	managemento 
Different	subtypeso 

Clinical	impact	of	non-virion	•	
associate	p24	not	completely	
understood
Dry	heat	block	required•	
DOS-based	software•	

Cavidi	ExaVir	 
Version	3.0

Lower	limit:	 
~220	copies/ml

Reverse	Transcriptase	
activity

Inexpensive	•	
User	friendly•	
Easy	to	perform•	
Training	through	company,	•	
MacFarlane	Burnet	Institute	
for	Medical	Research,	
Australia
Basic	infrastructure	•	
requirements
Applicable	for	NNRTI	drug	•	
resistance	monitoring
Results	reported	as	both	fg	•	
RT/ml	&	equivalent	copies/
ml
Data	indicates:•	

applicable	to	all	o 
subtypes
Use	in	clinical	o 
management

3	day	long	assay•	
Requires	1	ml	plasma•	
Internal	controls	(positive,	•	
negative)	not	available
Low	throughput•	
Requires	vacuum	pump	•	
Requires	further	evaluation	for:•	

Clinical	managemento 
Non	B	subtypeso 

Table II. Summary	of	viral	load	assays

Contd...
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to	specialized	laboratories.	Thus,	there	is	also	a	place	
for	more	easily	performed	laboratory	tests	with	similar	
predictive	value	as	CD4+	cell	counts.	Neopterin	and	
β2-microglobulin	 levels	 proved	 to	 be	 significant	
predictors	 of	 AIDS	 risk	 in	 HIV-1	 seropositives136.	
The	 predictive	 value	 of	 both	 parameters	 is	 equal	 to	
CD4+	 cell	 counts	 and	 both	 markers	 are	 significant	
joint	 predictors	 in	 addition	 to	 CD4+	 cell	 counts.	
Measurement	 of	 the	 parameters	 is	 done	 in	 serum	
(neopterin	and	β2-microglobulin)	or	urine	(neopterin)	
specimens	which	reduces	the	risk	of	HIV-1	transmission	
compared	to	handling	of	whole-blood	samples	which	
is	 required	for	cell	counting.	Although	more	studies	
are	needed,	especially	in	developing	countries	and	in	
persons	receiving	zidovudine,	it	can	be	recommended	
to	use	neopterin	 and	β2-microglobulin	 as	 additional	
markers	to	estimate	AIDS	risk	in	HIV-1	seropositive	
individuals138,139.	 Moreover,	 both	 markers	 may	 be	
useful	 for	 this	 purpose	without	 CD4+	 cell	 counts	 if	
cell	counting	is	not	available140,141.

β2-microglobin: β2-microglobin	 is	 an	 11kD	 protein	
expressed	on	the	surface	of	most	nucleated	cells.	It	forms	
a	 heterodimer	with	 class	 I	major	 histocompatibility	
complex	 molecules	 present	 on	 the	 surface	 of	 most	
nucleated	cells	and	exhibit	amino	acid	homology	with	
the	constant	region	of	immunoglobins142-145.	Free	β2-
microglobin	can	be	measured	in	both	serum	and	urine	
and	levels	of	urine	β2-microglobin	correlate	with	the	
degree	of	progression	of	HIV	disease.	It	spikes	in	acute	

infection,	declines	and	then	rises	during	the	infection.	
Levels	of	β2-microglobin	are	elevated	in	a	variety	of	
conditions	characterized	by	lymphocyte	activation	and/	
or	 lymphocyte	 destruction;	 e.g.	 lymphoproliferative	
syndromes,	autoimmune	diseases,	viral	infection	and	
in	 patients	 with	 renal	 diseases.	 It	 can	 be	 measured	
in	 serum	 or	 plasma	 by	 using	 radio	 immunoassay	
radio	 immunoassay	 (RIA)	 or	 competivive	 ELISA	
based	tests.	β2-microglobin	measurement	has	several	
advantages	 as	 a	 laboratory	 assay	 to	 help	 determine	
prognosis.	 By	 contrast	 with	 CD4	 cell	 count	 which	
require	special	procedures	for	specimen	handling	and	
processing,	 β2-microglobin	 can	be	measured	with	 a	
serological	 assay	 and	 equipment	 available	 in	 many	
laboratories.	

Neopterin:	 Neopterin	 (6-D-	 erythrohydroxy-
propylpterin)	 is	 a	 low	 molecular	 weight	 compound	
derived	 from	an	 intermediate	product	of	 the	de novo 
biosynthesis	 of	 tetrahydrobiopterin	 from	 guanosine	
triphosphate	(GTP)142-145.	It	is	an	early	marker	of	HIV	
infection.	The	levels	rise	further	on	progression	from	
pre	AIDS	to	clinical	AIDS.	Since	neopterin	levels	are	
stimulated	by	HIV	infection,	measurement	of	neopterin	
levels	 can	 be	 useful	 in	 monitoring	 progression	 and	
evaluating	antiviral	therapy.

Serum IgA levels:	Generally	elevated	in	HIV	infected	
persons,	 serum	 IgA	 can	 be	 measured	 by	 simple	
immunodiffussion	method	using	reference	anti	IgA146.

Technique Detection	 
limits

Markers	 
measured

Comments
Positives Negatives

Homebrew	Real-Time	
PCR

Varying	Cutoff:
(~1	to	300	copies/
ml)

HIV-1	RNA Inexpensive	reagents•	
Can	be	very	sensitive•	
Multiplex	assays	possible•	

Expensive	Equipment	•	
QA	by	manufacturer	not	•	
available

Primagen	Retina	
Rainbow/NucliSens	
EasyQ

Lower	limit:	~50	
copies/ml

HIV-1	RNA Large	range•	
Well-suited	to	plasma,	whole	•	
blood,	serum,	breast	milk	and	
dried	blood	spots
Equipment	usable	for	other	•	
markers	

Requires	trained	personnel	and	•	
support
Specific	space	&	infrastructure	•	
demand
Further	evaluation	for	subtype	•	
B	required
Prone	to	contamination•	

Abbott	Real	Time Lower	limit:	~40	
copies/ml

HIV-1	RNA Large	range•	
High	throughput•	

Very	Expensive	equipment•	
Specific	space	&	infrastructure	•	
demand
Requires	trained	personnel	and	•	
support
Further	evaluation	for	subtype	•	
B	required

CDC,	Centre	for	Diseases	Control;	UNC, universities	of	North	Carolina

Table II (Contd.). Summary	of	viral	load	assays
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Soluble IL-2 receptor levels:	 Levels	 are	 generally	
elevated	in	AIDS	and	data	suggest	a	good	correlation	
with	 the	 disease	 stage	 as	 indicated	 by	 CD4+	 T-cell	
level147.	Assay	can	be	done	by	EIA	which	uses	standard	
anti	 IL-2	 receptor	 capture	 antibody	and	 a	peroxidase	
coupled	secondary	anti	soluble	IL-2	receptor	antibody.

Levels of soluble receptor for TNF-α and IFN-γ:	
Whether	these	levels	have	some	value	as	a	marker	of	
disease	 activity	has	not	 been	 evaluated	 carefully	 and	
at	present	these	do	not	play	a	major	role	in	laboratory	
monitoring	of	patients	with	HIV-1	infection148.	

Pap smears:	 Research	 has	 shown	 that	 women	 and	
men	with	HIV	are	at	greater	risk	of	developing	genital	
and	anal	cancer	than	HIV	negative	people.	Cervical,	
penile,	 and	 anal	 cancer	 are	 associated	 with	 certain	
strains	of	the	human	papillomavirus	(HPV),	and	HPV	
disease	progression	appears	to	be	more	aggressive	in	
people	with	HIV.	In	March	2003,	the	FDA	approved	
a	 new	 test	 to	 detect	 high-risk	 strains	 of	 HPV;	 the	
Digene	HC2	HPV	DNA	assay	is	used	in	conjunction	
with	a	Pap	smear,	using	the	same	sample	of	cervical	
cells149.	

Treatment monitoring tests:	 Increasing	 viral	 load	
(viral	 breakthrough)	 and	 decreasing	CD4	 cell	 counts	
in	 a	 person	 on	 anti-HIV	 therapy	 are	 indications	 that	
adherence	is	not	adequate	or	that	the	drugs	being	used	are	
not	effective	and	may	need	to	be	changed.	In	addition,	
today	 there	 are	 other	 tests	 that	 can	 help	 physicians	
determine	 whether	 current	 therapy	 is	 working	 or	
whether	 a	 treatment	 option	 under	 consideration	 is	
likely	to	work.	

Resistance testing:	 HIV	 can	 develop	 drug	 resistance 
by	mutating	in	such	a	way	that	the	virus	can	continue	
to	replicate	despite	the	drug.	This	usually	occurs	when	
a	 drug	 is	 not	 completely	 effective,	 allowing	 HIV	 to	
multiply	and	mutate	in	the	presence	of	the	drug.	Also,	
an	increasing	number	of	people	are	becoming	infected	
with	 HIV	 that	 is	 already	 resistant	 to	 one	 or	 more	
drugs150.	

	 Several	studies	have	shown	that	use	of	resistance	
testing	 to	 guide	 treatment	 decisions	 leads	 to	 more	
sustained	viral	 load	 reductions151.	The	 ability	 to	 tell	
which	 drugs	 are	 no	 longer	 working	 provides	 the	
opportunity	 to	 change	 a	 specific	 drug,	 rather	 than	
tossing	out	an	entire	failing	regimen.	Resistance	tests	
are	 increasingly	 being	 used	 in	 clinical	 practice,	 but	
are	not	yet	standardized	and	should	be	interpreted	by	
an	experienced	physician.	The	tests	work	best	when	a	
person	has	a	viral	load	of	at	least	1,000	copies/ml	and	

is	currently	on	a	failing	anti-HIV	drug	regimen.	Three	
types	of	tests	are	used	to	measure	drug	resistance.

Genotypic tests:	 These	 tests	 examine	 the	 genetic	
sequence	 of	 HIV’s	 reverse	 transcriptase	 and/or	
protease	enzymes	to	look	for	mutations	that	are	known	
to	be	associated	with	resistance	to	particular	drugs.	For	
example,	 the	 K103N	 mutation	 confers	 resistance	 to	
current	non-nucleoside	reverse	transcriptase	inhibitors 
(NNRTIs)152.	

Phenotypic tests:	 These	 tests	 are	 done	 by	 adding	 a	
medication	 to	 an	 HIV	 culture	 in	 the	 laboratory	 to	
determine	 how	much	 drug	 is	 needed	 to	 inhibit	 viral	
replication.	 Resistance	 levels	 are	 usually	 reported	
in	 terms	 of	 how	 much	 drug	 is	 needed	 to	 inhibit	
viral	 replication	 by	 50	 or	 90	 per	 cent	 (the	 IC50	 or	
IC90,	 respectively),	 compared	 with	 wild-type	 virus.	
Phenotypic	 tests	 provide	 a	 more	 direct	 measure	 of	
resistance,	but	are	more	difficult,	time-consuming,	and	
expensive153.	

Virtual phenotype:	This	is	a	new	approach	to	estimate	
the	viral	phenotype	using	a	large	database	of	more	than	
18,000	 pairs	 of	 genotypic	 and	 phenotypic	 data.	HIV	
with	 a	 similar	 genotype	 is	 identified	 in	 the	 database,	
and	the	corresponding	phenotypic	information	is	used	
to	 estimate	 resistance.	 Preliminary	 research	 suggests	
that	the	virtual	phenotype	predicts	treatment	response	
about	as	well	as	a	true	phenotypic	test154.	

Therapeutic drug monitoring:	 Therapeutic	 drug	
monitoring	 (TDM)	 is	 used	 to	 help	 individualize	
anti-HIV	 therapy	 by	 measuring	 the	 amount	 of	 drug	
in	 an	 individual’s	 blood.	 This	 is	 important	 because	
different	 people	 absorb,	 process,	 and	 eliminate	
drugs	 at	 different	 rates,	 and	 blood	 levels	 may	 vary	
considerably	among	individuals	taking	the	same	doses	
of	 the	 same	 medications.	 Ideally,	 the	 lowest	 plasma	
drug	concentration	between	doses	(the	trough	level,	or	
Cmin)	should	still	be	high	enough	to	inhibit	HIV,	but	the	
highest	concentration	(the	peak	level,	or	Cmax)	should	
not	cause	intolerable	side	effects.	

	 Some,	but	not	 all,	 studies	have	 shown	 that	using	
TDM	to	guide	treatment	decisions	increases	the	chance	
of	 successful	 viral	 suppression.	However,	 drug	 level	
monitoring	 is	 not	 appropriate	 for	 all	 anti-HIV	drugs.	
TDM	has	grown	in	popularity,	especially	for	guiding	
salvage	therapy,	but	it	remains	controversial	and	is	still	
not	widely	used	in	the	U.S155.

	 There	 has	 been	 a	 dramatic	 and	 commendable	
rapid	 scale-up	 of	 human	 immunodeficiency	 virus	
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(HIV)	 prevention	 and	 care	 services	 in	 resource-
limited	settings,	including	sub-Saharan	Africa	in	the	
past	5	years;	thousands	of	lives	have	been	saved,	and	
13	million	 people	 are	 now	 receiving	 antiretroviral	
therapy	(ART).	Although	much	remains	 to	be	done	
to	 continue	 the	 scale-up	 of	 HIV	 prevention,	 care,	
and	 treatment,	 we	 must	 strive	 to	 hold	 onto	 gains	
we	 have	 achieved.	 More	 efficacious	 drugs,	 which	
are	 less	 toxic,	 are	 easier	 to	 take,	 and	 have	 greater	
genetic	 barriers	 to	 the	 emergence	 of	 resistance,	 as	
well	 as	 improved	 models	 on	 how	 to	 best	 deliver	
HIV	 services,	 are	 needed.	 A	 critical	 area	 of	 need	
in	 resource-limited	 settings	 is	 improved	 access	
to	 appropriate	 laboratory	 tests	 for	 initiating	 and	
monitoring	 ART.	 To	 sustain	 the	 benefits	 of	 ART,	
maximal	suppression	of	HIV	is	required.	This	is	true	
both	 for	 the	 long-term	 prognosis	 of	 the	 individual	
and	 for	 potential	 community-level	 benefits,	 such	
as	reduced	risk	of	transmission.	Currently,	the	only	
reliable	 way	 to	 ensure	 that	 treatment	 is	 achieving	
viral	suppression	is	to	measure	HIV	levels.	

	 Although	 ART	 can	 sometimes	 be	 initiated	 on	
clinical	criteria	without	CD4	cell	count	or	viral	load	
testing,	these	are	necessary	for	optimal	monitoring	of	
ART.	 The	 World	 Health	 Organization	 recommends	
use	of	clinical	and/or	immunological	monitoring	(CD4	
cell	count)	if	viral	load	testing	is	not	available.	This	
situation	 applies	 to	 most	ART	 settings	 in	 resource-	
limited	 countries,	 where	 HIV	 load	 testing	 is	 most	
often	unaffordable	or	unavailable.	An	important	goal	
in	ART	 is	 ensuring	 maximum	 durability	 of	 current	
drug	 regimens,	 first	 through	 continued	 support	 of	
health	care	systems	to	ensure	uninterrupted	access	to	
ART	services	and	improved	ART	adherence	support,	
but	 also	 through	 the	 identification	 of	 the	 early	
warning	signs	of	potential	virologic	failure,	before	the	
development	of	multiple	HIV	drug	resistance,	which	
will	 limit	 the	 response	 to	 future	ARTs	 and	 this	 has	
aided	greatly	 in	 the	scale-up	of	ART,	and	continued	
success	 of	 first-line	 regimens	 in	 resource-limited	
settings.
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