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Ab stract. The ge netic vari abil ity was stud ied in HIV-1 from Ven e zue lan
pa tients with and with out treat ment, in or der to eval u ate the pres ence of
polymorphisms and drug re sis tance mu ta tions. Proviral DNA from pe riph eral
blood mononuclear cells or vi ral RNA from plasma was ex tracted from the
blood of 30 pa tients. Two re gions from the poly mer ase gene, pro te ase (Pr)
and re verse tran scrip tase (RT) and one genomic frag ment from the en ve lope
(Env) gene were am pli fied and se quenced. All HIV-1 sam ples an a lyzed were
clas si fied as sub type B, with out ev i dence of re com bi na tion. Al though no pri -
mary pro te ase mu ta tions were de tected, a high fre quency of sec ond ary mu ta -
tions (86%, 19/22), as so ci ated to res to ra tion of vi ral replicative fit ness, was
ob served in strains cir cu lat ing both in treated and non-treated pa tients. Re sis -
tance mu ta tions to nucleoside RT in hib i tors (NRTI) and non-nucleoside RT in -
hib i tors (NNRTI) were de tected in 35% (6/17) and 12% (2/17) of the vi ruses
cir cu lat ing in treated pa tients, re spec tively. Re sis tance mu ta tions were also
pres ent in the vi rus in fect ing one antiretroviral naïve in di vid ual (7.7%), sug -
gest ing that lo cal screen ing for re sis tant mu ta tion in naïve pa tient might be
im por tant to min i mize ther apy fail ure. Fu ture stud ies are war ranted to as sess
the role of sec ond ary mu ta tion in the suc cess of vi ral in fec tion.
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Alta prevalencia de mutaciones secundarias en aislados
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Re su men. Se es tu dia ron pa cien tes se ro po si ti vos para el vi rus de in mu no -
de fi cien cia hu ma na tipo 1 (VIH-1) con y sin tra ta mien to, con el fin de de ter -
mi nar el po li mor fis mo y la pre va len cia de mu ta cio nes de re sis ten cia a la te ra -
pia an ti rre tro vi ral. El ma te rial ge né ti co vi ral fue ex traí do a par tir de cé lu las
mo no nu clea res de san gre pe ri fé ri cas (ADN) y del plas ma (ARN) de 30 pa cien -
tes. Se am pli fi ca ron 2 re gio nes del gen Pol, Trans crip ta sa Re ver sa (TR) y Pro -
tea sa (Pr) y el gen de en vol tu ra (Env) por me dio de la téc ni ca de PCR y se ob -
tu vo la se cuen cia ge nó mi ca de los pro duc tos. To dos los ais la dos ana li za dos
per te ne cie ron al sub ti po B. No se ob ser va ron mu ta cio nes pri ma rias aso cia das
a re sis ten cia a in hi bi do res de Pr pero sí un alto por cen ta je (86%, 19/22) de
mu ta cio nes no aso cia das con re sis ten cia sino a res ti tu ción de la ca pa ci dad re -
pli ca ti va de ce pas mu tan tes (mu ta cio nes se cun da rias). Se ob ser vó la pre sen -
cia de mu ta cio nes aso cia das a re sis ten cia a in hi bi do res nu cleó si dos de la TR
(INTR) en 35% (6/17) de los pa cien tes so me ti dos a tra ta mien to, mien tras que 
12% (2/17) de ellos pre sen ta ron mu ta cio nes de re sis ten cia a in hi bi do res no
nu cleó si dos de la TR (INNTR). Inte re san te men te, un pa cien te no tra ta do es ta -
ba in fec ta do con una cepa que pre sen ta ba mu ta cio nes pri ma rias (7,7%); este
re sul ta do su gie re que po dría ser im por tan te plan tear se el es tu dio lo cal de de -
ter mi na ción de resistencia genotípica en pacientes an tes del tratamiento, con 
miras a minimizar fallas terapéuticas. Se requieren estudios adicionales para
evaluar el rol de las mutaciones secundarias en el éxito de la infección vi ral.

Re ceived: 10-05-2005. Ac cepted: 20-10-2005.

IN TRO DUC TION

Around 39 mil lion per sons are in fected 
with hu man im mu no de fi ciency vi rus type 1
(HIV-1) world wide, and more than 20 mil -
lions have al ready died from this dis ease
(1). In Ven e zuela, at the end of 2003,
110000 (47000-170000) per sons were es ti -
mated to be in fected (1). Three groups
have been de scribed for HIV-1, M, N and O.
HIV-1 group M ex hib its a world wide dis tri -
bu tion and can be clas si fied into 24 dif fer -
ent ge netic vari ants, which in clude at least
11 sub types (2). Vi ral mu ta tions also oc cur

dur ing the in fec tion and many of them are
re lated to the pres sure ex erted by the im -
mune sys tem and/or to the antiretroviral
ther apy (3).

Highly ac tive anti-retroviral ther apy
(HAART), es pe cially that in clud ing tri -
ple-drug com bi na tion, has proved to be
ben e fi cial to HIV in fected pa tients. Ef fec -
tive HAART in duces a sus tained re duc tion
of the plasma vi ral load, an in crease in the
CD4+ T cells counts, and also a de layed
dis ease pro gres sion to AIDS. How ever, such
ben e fits may be ham pered by im por tant
risks as so ci ated with pro longed treat ment,
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such as met a bolic dis tur bances, phar ma co -
log i cal in ter ac tions, and low ad her ence.
Such cir cum stances can lead to the rapid
de vel op ment of vi ral re sis tance (4). The
sus cep ti bil ity to a drug of a spe cific vi ral
iso late can be tested phenotypically, by in
vi tro as say, or genotypically, by se quenc ing
and as sess ment of drug re sis tance by eval u -
a tion through da ta base al go rithms (5). Ad -
di tion ally, genotypic test ing of fers the pos -
si bil ity of de tect ing sec ond ary mu ta tions,
i.e., mu ta tions which do not con fer drug re -
sis tance but help in re stor ing the rep li ca -
tion abil ity or fit ness of the mu tant vi ruses
(3). The aim of this study was to pur sue the 
mo lec u lar sur vey of HIV iso lates cir cu lat ing 
in Ven e zuela, in or der to eval u ate the pres -
ence of polymorphisms and drug re sis tance
mu ta tions.

MA TE RI ALS AND METH ODS

Pa tients
A to tal of 30 HIV-1 pos i tive pa tients

(mean age: 33 years, range: 20-57, 4
women and 26 men) were in cluded in this
study, upon writ ten con sent. Sev en teen pa -
tients were re ceiv ing treat ment (T) and 13
were ei ther na ive or had not re ceived treat -
ment for at least 2 years (NT).

PCR
Proviral DNA and/or RNA were ex -

tracted from pe riph eral blood mononuclear 
cells (PBMC) or plasma with com mer cial
kits (QIAamp® DNA Blood mini Kit and
QIAamp® UltraSens VirusKit, QIAGEN, Ger -
many). Two re gions from the poly mer ase
gene, re verse tran scrip tase (RT) and pro te -
ase (Pr), and one re gion from en ve lope
gene (Env) were am pli fied by nested PCR or 
RT-PCR (6). Prim ers used for Env am pli fi ca -
tion were: E80 (5´-ccaattcccatacattattgtg-
3´) and E105 (5´-gcttttcctacttcctgccac-3´) 
for the first round and E110 (5´-tgttaaatgg

cagtctagcagaa-3´) and E125 (5´-caatttct
gggtcccctcctgagg-3´) for the sec ond round.

Se quenc ing
PCR frag ments were se quenced us ing

dye ter mi na tor la bel ing method (ABI
PRISMTM Dye ter mi na tor Cy cle Se quenc ing
ready re ac tion Kit; Perkin Elmer; Fos ter;
CA) with 377 DNA se quencer (Ap plied
Biosystems, Fos ter, CA). Both strands of
DNA were se quenced. Nu cle o tide align -
ments and phylo gen etic anal y ses were per -
formed us ing DNAMAN Ver sion 5.2.2.
(Lynnon Bio Soft, Can ada). Phylo gen etic
trees were ob tained us ing the Neigh bor
Join ing Method (100 boot strap rep li ca -
tions). Ge netic dis tances were eval u ated
with Kimura 2 pa ram e ters cor rec tions. Nu -
cle o tide se quence data have been de pos ited 
into the GenBank da ta base un der the ac -
ces sion num bers AY841802-AY841853.

De ter mi na tion of genotypic re sis tance
Se quences were sub mit ted to a ge no -

type se quence al go rithm (Los Alamos Re sis -
tance Da ta base: HIVdb: Drug Re sis tance Al -
go rithm, Beta Test, http://hivdb2.stan ford.
edu/asi/de ployed/hiv_cen tral.pl?pro gram= 
hivdb). Amino ac ids 1 to 99 and 1 to 242
were an a lyzed for Pr and RT re spec tively.
Sta tis ti cal sig nif i cance was as sessed by the
chi square test with Yate’s cor rec tion, ac -
cord ing to a com put er ized Epi Info pro -
gram, ver sion 5.01b (Cen ters for Dis ease
Con trol and Pre ven tion, At lanta, GA, USA).

RE SULTS

Nu cleic ac ids were ex tracted from 30
plasma sam ples and 21 PBMC to am plify
prod ucts of 805, 515 y 332 nu cleo tides ap -
prox i mately, cor re spond ing to the re gions
RT, Pr and Env re gions, re spec tively. Am pli -
fi ca tion was more ef fi cient from proviral
DNA and sim i lar for all the re gions, but for
none of the sam ples am pli fi ca tion was ob -
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tained for all the re gions in the two com -
part ments (data not shown).

A to tal of 30 se quences were avail able
for RT re gion and 22 for Pr re gion. Se -
quence anal y sis of the poly mer ase re gion,
or RT (Fig. 1A) and Pr sep a rately, showed
that all HIV-1 iso lates be longed to sub type
B. Ven e zue lan iso lates were not grouped ei -
ther in a spe cific clade, or ac cord ing to vi -
ral load, CD4+ T cell counts, spe cific mu ta -
tions and/or antiretroviral treat ment.
Phylo gen etic anal y sis of 22 iso lates in the
Env re gion also grouped all the Ven e zue lan
iso lates in side sub type B, there fore sug gest -

ing the ab sence of re com bi na tion in these
iso lates at least in these re gions (Fig. 1B).
Phylo gen etic group ing in the Env re gion
was not sup ported by high boot strap val ues, 
prob a bly due to the short length of the re -
gion an a lyzed; all the iso lates were grouped 
how ever in side sub type B clade and ex hib -
ited more than 78% sim i lar ity with sub type
B and less than 77% with other sub types.

Pri mary mu ta tions were not ob served
in the Pr re gion, be ing the fre quency of Pr
mu ta tions sig nif i cantly lower than that re -
corded for RT mu ta tions (0/22 vs. 7/30,
p = 0.02). How ever, the ma jor ity of the iso -
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Fig. 1. Phylo gen etic anal y sis of RT (A) and Env (B) re gions. Se quences ob tained in this study are dis -
played in bold, with an R in the case of ex hib it ing re sis tance. Iso lates are des ig nated by their
GenBank ac ces sion num ber and the name of the coun try of or i gin for sub type B se quences,
ex cept for Ven e zue lan iso lates, which are shown in bold, with an R in the case of ex hib it ing
re sis tance. Boot strap val ues over 80% are shown in the tree. The scale rep re sents the num ber
of sub sti tu tions/site/100 bases. Let ters in bold in the tree in di cate sub type.



lates ex hib ited sec ond ary mu ta tions (80%,
19/22), be ing the most com mon one in the 
amino acid 63 (73%), with L63P found in
56% of the se quences an a lyzed (Fig. 2A).
Mu ta tion in such codon was pres ent both in 
treated and in naïve pa tients, with a sim i lar 
fre quency (7/8 in non treated pa tients vs.
10/13 in treated pa tients, sta tis ti cally NS).
Pri mary mu ta tions, con fer ring re sis tance to 
nucleoside RT in hib i tors (NRTI), were ob -
served in 23% (7/30) of the iso lates and
mu ta tions con fer ring re sis tance to non
nucleoside RT in hib i tors (NNRTI) in 6.7%
(2/30) of the iso lates (Figs. 2B and 2C).
The most com mon NRTI mu ta tion was
V118I, which con fers in ter me di ate re sis -
tance to 3TC when pres ent with E44A/D.
Six out of 17 (35%) and 2/17 (12%) of the
treated pa tients har bored vi ral strains with
mu ta tions con fer ring re sis tance to NRTI
and NNRTI re spec tively. One un treated pa -
tient (1/13, 7.7%) har bored and HIV-1 iso -
late with mul ti ple NRTI mu ta tions: this in -
di vid ual re ferred sex ual con tact with a part -
ner re ceiv ing HAART.

DIS CUS SION

Pre vi ous stud ies sug gest that plasma is 
the com part ment most com monly used for
as sess ing genotypic re sis tance. Al though
plasma better re flects the vi ral quasispecies 
cir cu lat ing at a given mo ment in the host,
and most re cently se lected by antiretroviral 
pres sure, other stud ies have shown that the 
proviral DNA de ter mi na tion may al low for
the de tec tion of other mu ta tions, not ex -
pressed at the mo ment of the test ing;
there fore, more suit able to test the po ten -
tial of drug re sis tance in the strain in fect -
ing a par tic u lar host (7, 8). The choice of
the most suit able com part ment to as sess
genotypic re sis tance is still an open is sue
(9). An al ter na tive ap proach would be to
study sev eral body com part ments, par tic u -
larly when the genotypic anal y sis of the vi -

ral strain does not ex plain the vi ral re lapse.
In gen eral, there seems to be a good cor re -
la tion be tween the genotypic vari abil ity ob -
served in the proviral DNA and in the
plasma vi ral RNA (10). In our study, most
of the genomic se quences were de rived
from proviral DNA, due to the higher ef fi -
ciency of am pli fi ca tion in this com part -
ment.

Phylo gen etic anal y sis showed that sub -
type B is still highly pre dom i nant in Ven e -
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K238T is a NNRTI-selected mutation that usually occurs in combination with 
other NNRTI-resistance mutations and which appears to confer intermediate 
levels of resistance to NVP and possibly DLV and efavirenz (EFV). In this HIV-1 
isolate, the mutation was not found in combination with another NNRT 
resistance mutation

Fig. 2. Fre quency of mu ta tions as so ci ated to re -
sis tance to Pr, NRTI and NNRTI.



zuela, as pre vi ously re ported (11-15). Nev -
er the less, re com bi nant B/F (16), B/C and
sub type C iso lates have been de scribed
more re cently (17). Re com bi na tion in
retro virus es is a com plex phe nom e non and
can oc cur many times in a sin gle ge nome
(2), which may ham per the iden ti fi ca tion of 
re com bi nant strains. Se quenc ing of mul ti -
ple re gions of HIV-1 ge nome is then a con -
ve nient strat egy to rule out the pres ence of
re com bi nant strains (18), al low ing at the
same time for sub type as sign ment and de -
ter mi na tion of genotypic re sis tance. The
rel a tive low di ver sity of HIV-1 Ven e zue lan
iso lates found in this study and in other re -
cent sur veys (11; Suarez, JA, per sonal com -
mu ni ca tion) con trasts with the gen eral as -
sump tion of an as cend ing ep i demic in this
coun try; more stud ies are needed to as sess
the ac tual prev a lence of HIV in fec tion in
Ven e zuela and the even tual in tro duc tion of
other HIV vari ants in spe cific ep i de mi o log i -
cal set tings.

In our se ries, pri mary mu ta tions to RT
in hib i tors were found mainly in pa tients re -
ceiv ing the spe cific drug for which the
strain de vel oped re sis tance, al though one
na ive pa tient har bored a drug re sis tant iso -
late. Whereas the num ber of na ive pa tients
an a lyzed is low, sim i lar re sults have been
found by oth ers in Ven e zuela (11), sug gest -
ing the cir cu la tion of re sis tant strains
among na ive pa tients in such a fre quency
that might jus tify the de ter mi na tion of
genotypic re sis tance test be fore the ini ti a -
tion of treat ment. K103N sub sti tu tion,
which was found in as so ci a tion with the
NRTI V118I mu ta tion in one treated pa -
tient, is a mu ta tion confering high level re -
sis tance to cur rent NNRTI (19). This mu ta -
tion has been found to per sist af ter sin gle
dose ad min is tra tion of nevirapine (NVP)
and might not re duce the fit ness of the mu -
tant vi rus (20, 21). On the other hand, no
pri mary mu ta tions were ob served in half of
the pa tients (4/8) with sus pi cion of re lapse. 

In these pa tients, viremia re bound might be 
due to non-ad her ence to antiretroviral
treat ment rather than virological fail ure.

Al though rather in fre quent, Y318F
mu ta tion con fers re sis tance to delavirdine
(DLV) and low level re sis tance to NVP (21). 
Amino ac ids 318 and 333 were not an a lyzed 
in this study. Nev er the less, it must be em -
pha sized that some com mer cial geno typ ing 
as says do not an a lyze these amino ac ids ei -
ther.

The ab sence of pri mary mu ta tions in
the Pr re gion ob served in our study is con -
sis tent with what has been al ready found by
oth ers in Ven e zuela (11), and might be in -
flu enced by the low num ber of sam ples an a -
lyzed for Pr mu ta tions. On the other hand,
a rel a tively high fre quency of sec ond ary mu -
ta tions, not nec es sar ily as so ci ated with
HAART, was found in this pro tein, par tic u -
larly L63P mu ta tion. Such mu ta tions may
con trib ute to a rapid evo lu tion of the re sis -
tance strain se lected un der Pr in hib i tor
pres sure (22). The role of these sec ond ary
mu ta tions in the replicative fit ness of
wild-type vi ruses de serves fur ther clar i fi ca -
tion.
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