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Abstract

BackgroundGenotyping testing has been accepted as a guidance in the therapeutic management of Human Immunodeficiency virus 1 (HIV-1).
However, optimization of the available routine techniques for such purpose has not been fulfilled.

Obijective:To evaluate the use of three RNA extraction methods in order to be applied in the genotypic HIV-1 resistance testing by LiPA.
Study designComparative prospective study of three HIV-1 RNA extraction methods. Forty-eight plasma samples were tested for the
determination of viral load (VL) by means of Cobas Amplicor HIV-1 Monftbr(Roche Diagnostics. Branchburg, NJ, USA), preserving

the obtained RNA extracts. RNA was also extracted using two other techniques: “SV Total RNA Isolation System” (Promega Corporation.
Madison, WI, USA) and “QlAamp Viral RNA’ (QIAGEN Inc., Valencia, CA, USA). The three RNA extracts were processed in parallel for

the detection of HIV resistance by LiPA, and bands were recorded comparatively.

Results:Results obtained by Roche extraction method were superior, followed by those of Qiagen and Promega, in the several studied
parameters. First, proportion of amplified samples (75.0% by Promega versus 95.8 by Qiagen and 97.9% by Roche for LiPA RT and 97.7%
by Promega versus 100.0% by Roche and Qiagen for LiPA P); second, percentage of combined mutations patterns, and third, differences in
band intensity. Thus, for LiPA RT 51.4% and 54.3% of the samples showed greater intensity after Roche and Qiagen extractions, respectively.
These percentages dropped to 12.8 and 19.1 for LiPA P.

ConclusionsThe outcome obtained by LiPA after RNA extraction by Roche methodology was remarkably superior to those of Promega and
Qiagen. LiPA technique needs further optimization, especially the sample amplification phase of LiPA RT.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction as a defining criterion of therapeutic failure and as an in-
dicative tool for starting or switching antiretroviral treatment
The establishment of VL quantitation techniques in the (Carpenter et al., 2000; DHHS Panel, 2001; Rubio et al.,
follow-up and control of HIV-1 infected individuals is at 2002; Weinstein et al., 2001Several changes gradually ap-
present a fact that needs no discussion. This variable, alongplied to VL determination techniques have led to the detection
with CDg4 cell count, acts as an illness evolution marker, of HIV RNA plasma levels down to 20 RNA copies/ml, offer-
ing optimization of therapeutic patient manageméitiier

P I i _ et al., 1999; Venturi et al., 2000
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1386-6532/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jcv.2004.08.007



266 C. Labayru et al. / Journal of Clinical Virology 32 (2005) 265-271

natural history of the infection, improved infection control through a silica membrane in a RNase-free environment.
and the establishment of highly active antiretroviral therapy The starting plasma volumes were 125 and L4Gespec-
(HAART). In this sense, the use of molecular microbiologi- tively.
cal diagnosis techniques emerges as a need in which lack of RNA extracts obtained by the two methods along with
standardization and validation, and relatively scarce experi- those obtained for VL determination were tested in paral-
ence in its performance may be present as limiting factors lel for the detection of genotypic resistance by means of the
(Erali et al., 2001; Kartsonis and D’Aquila, 2000 commercial assay Line Probe Assay (LiPA) (VERSANT

A critical point in the development and performance of HIV-1 RT Resistance Assay, VERSANT HIV-1 Pro-
molecular diagnosis techniques in general, and in partic- tease Resistance Assay, Bayer Corporation. Tarrytown, NY,
ular in those based on polymerase chain reaction (PCR)USA).
amplification, is the extraction of genetic material in the Briefly, LIPA™ is based on a post-PCR hybridization
purest conditions. This essential step constitutes the limit- that takes place on nitrocellulose strips onto which specific
ing phase for achieving optimum outcome, especially when oligonucleotide probes are fixed in parallel lines. This assay
HIV RNA plasma levels are close to the detectable threshold allows the study of possible mutations at codons 41, 69, 70,
(Gbmez-Cano et al., 1999; Verhofstede et al., 1996; 74, 184 and 215 of reverse transcriptase (RT) gene (LiPA
Villahermosa et al., 200Q0a situation that is becoming more  RT) and at codons 30, 46, 48, 50, 54, 82, 84 and 90 of pro-
frequent with HAART use. tease gene (LiPA P). Mutations in these positions have been

The Clinical Microbiology laboratory is usually pressed reported as associated to nRTIs and PIs resistance, respec-
to carry out several determinations starting from a single tively.
sample. Given personnel, cost and infrastructure restrictions Comparative reading of the strip bands was done subjec-
affecting many laboratories, the sharing of common steps, tively. As the LiPA manufacturer in Spain recommends RNA
which facilitate and improve the outcome of these techniques, extraction by Promega, this was taken as reference, quoting
is urged. In this respect the objective of the present study is tothe results of Roche and Qiagen extractions in comparison to
compare the output of three different HIV-1 RNA extraction that. For this effect we adopted a triple strategy. First, HIV
methods prior to the detection of genotypic resistance to both control band intensity was checked. Second, the intensities of
nucleoside reverse transcriptase inhibitors (NRTIs) (LIPA RT) the rest of bands were checked, and finally, the appearance of
and to protease inhibitors (PIs) (LiPA P). different bands by each extraction method was evaluated. Our

findings were classified in four groupsaple J: (1) “Equal
intensity”, when all bands were similar; (2) “Intensity 1+”,

2. Materials and methods when the HIV control band was slightly darker by Roche and
Qiagen methods with the same number of bands; (3) “Inten-
2.1. Patients sity 2+”, when the HIV control band and the rest of bands

were markedly darker, with the same number of bands, or

From February to May 2002, 48 plasma samples from dif- an extra band was observed by Roche or Qiagen methods;
ferent patients with>1000 RNA copies/ml were randomly  (4) “Intensity 3+”, when band coloring was markedly supe-

selected from VL determination requests received at our Mi- rior by Roche or Qiagen methods and more than one extra

crobiology laboratory. band appeared. When the Roche or Qiagen extraction strip
showed lower intensity than the Promega strip, similar cri-
2.2. Methods teria were applied using negative figures. We also compared

the extraction after Roche method versus Qiagen one.

All samples were processed for VL analysis by means of  Mutations were interpreted following the manu-
PCR after previous reverse transcription (RT-PCR) (Cobas facturer’s instructions \ERSANT® HIV-1 RT, 2001,
Amplicor HIV-1 Monitor™; Roche Diagnostics, Branch- VERSANT® HIV-1 P, 200) and according to the Med-
burg, NJ, USA) inits ultrasensitive version with athreshold of scape Guide to Antiretroviral Resistance Mutations
50 RNA copies/ml. This version includes ultracentrifugation (http://hiv.medscape.com/updates/quickglicend to the
at 23,600x g of the 500ul of plasma at 2—8C for 60 min “International AIDS Society—USA Panel” recommenda-
prior to the viral particle lysis. RNA is extracted by adding tions Hirsch et al., 200p
a chaotropic agent (guanidinium-thiocyanate) followed by
RNA precipitation with ethanol. After VL determination all  Table 1

RNA extracts were preserved aB0°C. Adopted criteria for the classification of findings after band comparative
RNA from samples with a VL of~1000 RNA copies/m|  reading
was also extracted using two additional techniques, “SV To- Intensity classification ~ Band intensity Band number
tal RNA Isolation System” (Promega Corporation, Madi- Equal Equal Equal
son, WI, USA) and “QlAamp Viral RNA' (QIAGEN 1+ Slightly superior Equal
Inc., Valencia, CA, USA). Both methods are based on a 2* Markedly superior  Equal or 1 extra band
3+ Markedly superior ~ More than one extra band

lysis—centrifugation process followed by a column filtration
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2.3. Statistical analysis responding Qiagen extract. Also, for one sample the geno-
type was recorded as “Mutant” for Promega and Roche ex-
A descriptive study of all findings was carried out using tracts but “Wild type” for the corresponding Qiagen extract.
the statistical program SPSS 9.0 for Windows. “Ji square” This same situation was also detected seven times for LiPA
tests were applied to evaluate the possible relation betweenP. Second, varying results were obtained as for sample am-
the different HIV RNA extraction methods and the outcome plification outcome. Ten samples that did not amplify after
of PCR amplification as well as the presence of wild-type Promega extraction were interpreted as “Mutant” after suc-
or mutated HIV variants. Finally, possible discrepant LiPA cessful amplification of the corresponding Roche and Qiagen
results, both at the band intensity level and at that of differ- extracts for LiPA RT. Third, from the group of samples suc-
ences in mutations detected, were studied according to thecessfully amplified and in which resistance mutations were
RNA extraction method used. present after extraction by all three methodologies, disagree-
ments could be documented both in the absolute frequency
of appearance of individual mutationaple 3 and in the
3. Results patterns of combined mutations observédiles 4 and b
The analysis of the differences in the band coloring inten-
Fourty-eight plasma samples were randomly selected Sity observed for each sampler for LiPA RTaple §, was
from all plasma samples received for VL determination from done in three ways. First, Roche was compared to Promega
February to May 2002 whose VL wasl 000 RNA copies/ml. revealing that 15 samples (42.9%) had the same intensity. In
The mean was 59,926.7 RNA copies/ml, and the median 18 cases, Roche band intensity was superior, being classified
was 80,250.0 RNA copies/ml (range: 1300 to >100,000 RNA as “Intensity 1+", “2+” and “3+" in six cases (51.3%), re-
copies/ml). spectively. In two occasions Roche band intensity was lower
PCR amplification results of the extracts obtained by each (‘Intensity 1-"). Second, Qiagen results were compared to
method were different for LiPA RT and for LiPA P, being those of Promega showing that intensity was equal in 14
statistically significant in all casep (= 0.000) {Table 2. samples (40.0%) and superior in 19, distributed as follows:
For LiPA RT successful amplification was achieved after three (8.6%) “Intensity 1+”, seven (20.0%) “Intensity 2+”and
Promega extraction in 36 out of 48 samples (75.0%; 95% hine (27.7%) “Intensity 3+". In two cases, Qiagen showed
Cl, 60.4-86.6), in all 48 samples after Roche extraction lower intensity than Promega. Finally, Roche results were
(100.0%; 95% CI, 92.6-100.0) and in 46/48 samples af- compared to Qiagen ones. Intensity was found equal in 23
ter Qiagen extraction (95.8%; 95% ClI, 85.7-99.5). Twelve
samples were not amplified after Promega extraction; the
VL values were 1300 RNA copies/ml in one sample, and Table 3
>50,000 RNA copies/ml in the rest. For the two samples that Discr(_epancies in apsolute frequency of the mutations detected by LiPA RT
were not amplified after Qiagen extraction, VL levels were 219 LIPA P, according to the RNA extraction metfiod

>100,000 RNA copies/ml. For LiIPP a successful amplifi- Mutation Promega extraction  Roche extraction Qiagen extraction

cation was obtained in 47/48 Promega extracts (97.9%; 95%LPART  N=23" N =34 N=36

Cl, 88.9-99.9) and in 100.0% of Roche and Qiagen extracts |41 11 (478) 18 (529) 22 (611)

(95% CI, 92.6-100.0). The VL level of the only sample that RrR70 2(87) 3(88) 3(83)

was not amplified, after Promega extraction was >100,000 K70 - 1(29) 2(56)

RNA copies/ml. V74 5(217) 9 (265) 8 (222)
C_omparative analysis. of the re.sult.s qbte_lined by all ex- \"/71‘; T (4_78) 20 (5;38) 191(5(22;

traction methods led to discrepancies in findings at three dif-  y515 19 (826) 25 (735) 24 (667)

ferent levels. First, disagreements were obtained in the re- F215 2(87) 2 (59) 4 (111)

sults according to mutations detection. Thus, for LIPA RT | pap N=25 N=27 N=22

in six samples the final LiPA interpretation was “Wild type”

« " N30 1 (40 2(74 1(45
for Promega and Roche extracts but “Mutant” for the cor- 146 9 (32.)) ) 9 (g&; 6 (573;
V48 2(80) 2(74) 2(91)
Table 2 V54 7 (280) 7 (259) 6 (273)
able - . , A54 1(40) 2 (7.4) 2(1)
Successful amplification results according to the extraction method V84 4 (160) 5 (185) 4(182)
LIiPART LiPAP F82 2 (80) 2(74) 2(91)
) - F82v84 1 (40) 1(37) -
Extraction Proportion of successfully A82 12 (480) 14 (519) 7(318)
method amplified samplé's T82 1 (40) 1@7) 1(45)
Promega 7% (60.4-86.4) 9P (88.9-99.9) T82V84 1 (40) 1(37) -
Roche 10 (92.6-100.0) 100 (92.6-100.0) M90 13 (520) 14 (519) 11 (500)
Qiagen 958 (85.7-99.5) 100 (92.6-100.0)

* Percentages are shown in parentheses.
* Results are given in percentage. 95% Cl is shown in parentheses. ** N, number of mutant samples for the corresponding extraction method.
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Table 4 Table 5
Discrepancies in the combined mutations patterns detected by LiPA RT ac- Discrepancies in the combined mutations patterns detected by LiPA P ac-
cording the extraction method cording the extraction method
Mutation patterns Promega Roche Qiagen Mutation patterns Promega Roche Qiagen
extraction extraction extraction extraction extraction extraction
N=23" N=34 N=36 N=25" N=27 N=22
L41 - - 1(28) N30 - 1(37) 1(45)
L41-Y215 5 (217) 6 (176) 6 (167) N30-A82 1 (40) 1(37) -
L41-F215 - 1(2) 1(28)
L41-V184-Y215 - 4 (1B) 4(111) :ig_vs " 11((18; 2 (2'4) ! (11'5)
L41-V184-F215 1(8) - 1(28)
146-V54-M90 1 (40) 1(37) -
L41-Vv74-Y215 2 (87) 2(59) 1(28)
146-F82-M90 1 (D) 1(37) 2(91)
L41-V74-V184-Y215 - 2®) 4(111)
146—F82-F82V84—-M90 1(0) 1(37) -
L41-L74-V184 - - 1(3B) 146-A82—M90 1 (40) _ _
L41-R70-V184-Y215 2(3) 2(59) - S voavey _
LA1-R70-V74-V184-Y215 - - 1@ 146-A82-T82-T82V84 1(®) 1(37)
L41-K70-Y215 - - 1(B) 146-T82 - - 1 ()
LA1-K70-\V74—Y215 B B 1(®) 146-M90 2 (80) 2(74) 2(91)
_ V48-V54 1 (40) 1(37) -
R ise B 1) 11(%3?; VA8-\/54-AB2 - 1) 1(45)
V48-A54-A82 1 (40) - 1(45)
K70-v215 B 1(29) B V54-A54 - 1(37) -
V74 - - 1(28) V54-A54-M90 - 1(37) 1(45)
V74-Y215 2 (87) 2(59) - V54-V84-A82-M90 - 3(11) -
V74-V184-Y215 1(|) 3(88) - V54-A82 3(120) 3(111) 3(136)
V184 2 (87) 6 (176) 4(111) V54-MS0 1(40) B 1(49)
V184-Y215 2 (217) 2(59) 2 (56) V84 - - 3(136)
V184-F215 - - 1(B) V84-A82 1 (40) - -
V84-A82-M90 6 (240) 6 (222) -
Y215 2 @87) 1(29) 363 V84-M90 1 (40) 1(37) 1(45)
* Percentages are shown in parentheses.
** N: number of mutant samples for the corresponding extraction method. T82-M90 - - 2(9)
M90 1(40) - 2(91)

samples (48.9%) and superior in 20 (42.5%), being classified « percentages are shown in parentheses.
as “Intensity 1+” in eight cases (17.1%), “Intensity 2+”in 10 ** N: number of mutant samples for the corresponding extraction method.
(21.3%), “Intensity 3+” in two (4.2%) and “Intensity-1’ in

four samples (8.5%). _ ~1999; Schmit et al., 1998; Servais et al., 2001; Wilson et al.,
For LiPA P (Table §, the comparison of Roche and Qi- - »0qq), s a relatively simple technique to perform. One of its

agen to Promega rendered equal intensities in 37 (78.7%),qyantages is that the information supplied is significant and
and 31 (65.9%) samples, respectively. Intensities were foundsef | for the clinician, as all mutations studied are highly

superior in six (12.8%) Roche extracts and in nine (19.1%) 5s50ciated to HIV resistanc8chinazi et al., 2001
Qiagen ones. These intensities were classified as “1+” in four ’

(8.5%) cases for Roche extract and in eight (17.1%) for Qia- Table 6

13 ” g 0 H
_ge” one, agd as 2__|- In two (4'3 /0) occasions for ROCohe and Distribution of band intensity differences observed in LiPA RT and LiPA P
inone (_2-1 %) for Qiagen. In TOUV RQChe samples (8.5%) and according to the extraction method in samples successfully amplified by the
in six Qiagen ones (12.8%) intensity was recorded as™'1 corresponding compared methods

The comparison of Roche vs. Qiagen, showed 40 sampleSgand intensity  Roche/Promega  Qiagen/Promega  Roche/Qiagen

(85.4%) with equal intensity, four (8.3%) with “Intensity 1+” N=35 N=35 N =47
and three (6.3%) with “Intensity-4”. LiPA RT
A global comparison of the intensity differences of Roche  Equal 15 (420%) 14 (400%) 23 (489%)
and Qiagen extracts versus Promega ones, grouping them as 1+ 6 (171%) 3 (86%) 8 (171%)
equal or superior, for LiPA RT shows statistical significance g: 2 Ei;ﬁf’; Z) g‘;%"; 102(222?;
_ .. . apr . 170 (70 ()
(p=10.002). No statlstlgal significance was shown fpr LiPA P, B 2 (58%) 2 (57%) 4 (85%)
not even after comparing Roche extract versus Qiagen one.
N =47 N =47 N =148
LiPA P
. ] Equal 37 (787%) 32 (681%) 41 (854%)
4. Discussion 1+ 4 (85%) 8 (170%) 4 (83%)
2+ - - -
Genotypic detection of HIV resistance by LiPA despite 3+ 2 (4-3243) 1 (212/0) e
having known limitationskrice et al., 2001; Ruiz and Clotet, 1= 4 (8.5%) 6 (128%) 3 (63%)
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The evidently differing results observed for the different According to our experience, two reasons could explain
extraction methods compared in this study highlight the im- the better results achieved by Roche extraction. First, the in-
portance of this step. Extraction conditions the result in any clusion of an ultracentrifugation, which by concentrating the
PCR reactionV\erhofstede et al., 1996; Villahermosa et al., sample improves the extraction yiel8Hafer et al., 1997;
1998, which is an indispensable preliminary step in HIV Villahermosa et al., 2000Second, the greater starting sam-
genotypic resistance testing. Most published studies on theple volume (50Qul versus 1251 used in Promega extraction
influence of RNA extraction refer to the subsequent VL de- and 14Qul in Qiagen one) $chockmel et al., 1997; Venturi
termination Ficher et al., 1999; Fransen et al., 1998; Venturi et al., 2000; Villahermosa et al., 200An additional ad-
et al., 2000; Verhofstede et al., 1996; Villahermosa et al., vantage of this method is that VL determination should be
1999. In the literature we have reviewed, several refer- performed prior to HIV resistance testing, and, as the Roche
ences to extraction outcome applied to HIV-1 genotypic re- extraction method is used to this effect, the extract obtained
sistance detection use sequencing methodol&gyitzkes serves as starting material for both techniques. Another strat-
et al., 2003; Lindstim and Albert, 2003; Niubet al., 2000; egy to improve HIV RNA extraction efficiency would be
Stirmer et al., 2008but few studies address this issue using starting with even greater plasma volumes (up to 1.8-2 ml)
LiPA technology Gomez-Cano et al., 1999The outcome (Schockmel et al., 1997; &@nez-Cano et al., 1999; Venturi
of different extraction methods prior to sequencing is gener- etal., 2000; Villahermosa et al., 200 routine practice this
ally expressed as the overall amplification success rate, with-approach is not feasible as the volume of samples received
out further study of the influence on the detected mutations is usually just enough for the determinations requested, and
(Kuritzkes et al., 2003; Lindsbm and Albert, 2003; Stmer even scarce for all of them or for any possible necessary rep-
etal., 2003. etition.

The importance of the extraction step is again highlighted  In our study, in contrast with the results of other authors
by the wide range of discrepant results observed related to(Gomez-Cano et al., 199%he outcome of the amplification
successful amplification, to result interpretation as “Wild does notseemto be related to VL levels, as except one sample
type” or “Mutant”, to differences in absolute individual mu- that had low levels (1300 RNA copies/ml) the rest of the
tation frequency, and to combined mutation patterns for both samples that did not achieve a successful amplification had
LiPA techniques in the mutant group. This fact is especially considerably high VL values.
significant because of the relevant information brought to  The fact that the same extract used for LiPA RT and LiPA
the clinician for therapeutic patient management, particu- P rendered a noticeably greater proportion of samples that
larly for those patients who have already experienced any amplified after Promega extraction for LiPA P when com-
therapeutic failure, because of the potential reduction in an- pared to such proportion for LiPA RT, implies that the nested
tiretroviral stock, as recommended by different authors in our PCR prior to mutations detection by LiPA RT is not fully op-
environment fartinez-Picado and Clotet, 1999; Moreno, timized. In our opinion this may be due to a better design of
2002, Soriano, Ledesma and The Spanish Drug Resistancethe nested PCR used to prepare samples before LiPA P that
Panel, 2000 The little importance given to this technical as- leads to a greater yield, and therefore the initial RNA input
pect is somewhat surprising in such a widely studied mat- is less crucial. We were able to document the same issue in a
ter as HIV resistance testing is in other aspects. Severalprevious study carried out in treatment—naive patichioé
extraction methods exist, both “in-house” and commercial, et al., 2002.
and repercussions from RNA extraction as starting material ~ Our study is limited by the absence of an objective system
in the amplification and subsequent mutation detection arefor band reading such as that provided by a densitometer,
present as well. We, therefore, consider that studies such asvhich other authors say offers good outcome when applied
the present comparing more extraction methods are neededo band intensity recording/{llahermosa et al., 1998 As-
to optimize the outcome of genotypic HIV resistance testing suming this limitation and having defined reading criteria in
techniques. order to compare the results obtained by the three extraction

Commercial tests for HIV resistance detection should be methods, once again there is a clear disagreement for LiPA
flexible allowing the optimization of extraction methods. It RT, where band intensity was greater after Roche and Qiagen
is also important to have the possibility to make intermedi- extraction methods in more than half of the samples, when
ate steps common to several virological molecular diagnosis compared to Promega one.
techniques compatible and to optimize them. At the assis- In our series, we have described differences in amplifi-
tance level, especially due to the high number of processedcation according to the extraction method. From samples
samples, “in-house” RNA extraction methods are too labo- successfully amplified after all three extraction methods we
rious and time-consuming, although some of them offer an have described differences in both the absolute frequency
optimum result Boom et al., 1990; Casas, 1997; Fransen of single mutations and of patterns of combined mutations,
et al., 1998; Verhofstede et al., 199 contrast, there are  as well as differences in band intensity. We are aware that
commercially techniques available at an affordable cost thatthe high sensitivity of the LiPA technology for detecting
offer good results requiring a reasonably small dedication in HIV subpopulations that represent 1-5% of the viral pop-
terms of time. ulation Erice al., 200); could account for the great number
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of disagreements observed at all the studied levels. Moreover Fransen K, Mortier D, Heyndrickx L, Verhofstede C, Janssens W, Van
this feature hardens the assessment of our results using se- der Groen G. Isolation of HIV-1 RNA from plasma: evaluation of
quencing techniques, known to be less sensitive for detecting seven different methods for extraction (part two). J Virol Methods

. . . . . 1998;76:153-7.
minor HIV variants Erice et al., 2001; Shafer et al., 2000; ;i RA, Sattha B, Wynhoven B, O'Sshaughnessy MV, Harrigan P.

Suarez et al., 200 Sources and magnitude of intralaboratory variability in a sequence-
The work carried out by our group faithfully reflects tech- based genotypic assay for human immunodeficiency virus type-1 drug
nical problems within the virology laboratory setting. How- resistance. J Clin Microbiol 2003;41:2900-7.

ever, we do not ignore that the critical point, as recommended G0mez-Cano M, Rubio A, Ruiz L, &ez-Olmeda M, Leal M, Soriano V.

. ) Efficiency of drug resistance genotypic tests in specimens with low
by some authorsHirsch et al., 2000; Secrefardel Plan viral load. Antiviral Ther 1999:4:123-4.

Nacional sobre el Sida, 1997, 2000; The EuroGuidelines pirsch Ms, Brun-\ezinet F, D'Aquila RT, Hammer SM, Johnson VA,
Group for and Resistance, 2001s the transcription or Kuritzkes DR, et al. Antiretroviral drug resistance testing in adults
translation of such information to the clinical follow-up of with HIV infection. Recommendations of an International AIDS
each patient, his or her therapeutic experience—past and Society—USA panel. J Am Med Assoc 2000;283:2417-25.
. . .. . Kartsonis N, D’Aquila R. Clinical monitoring of HIV-infection in the era
Current_bemg essential. Thisis the Only Way tha_‘t the techni- of resistence testing. Infect Dis Clin North Am 2000;14:879-98.
cal effort of those devoted to laboratory diagnosis can be ef- korn K, Reil H, Walter H, Schmidt B. Quality control trial for human
ficiently applied in the optimization of therapeutic resources. immunodeficiency virus type 1 drug resistance testing using clinical
We have highlighted the importance of the technical op- sampl_es reveals problems With d_etect_ing minority species and inter-
timization of genotypic HIV resistance testing techniques. pretatlon of test results. J C[m Mlcrob_lol 2003;41:3559-65.
Unfortunately, other aspects such as standardization of theKurItZkes DR, Grant RM, Feorino P, Griswold M, Hoover M, Young
. y: o p . R, et al. Performance characteristics of the Trugene HIV-1 genotyp-
techniques to avoid intra-laboratoi§i{afer etal., 2000; Galli ing kit and the Opengene DNA sequencing system. J Clin Microbiol
et al., 2003 and inter-laboratory variabilityfemeter et al., 2003;41:1594-9.
1998 Schuurman et al., 1999, 200as well as interpreta- Lindstrom A, Albert J. A simple sensitive “in-house” method for de-
tion of the results, not only by the Microbiology laboratory termining genotypic drug resistance in HIV-1. J Virol Methods
L 2003;107:45-51.
staff (Korn et al., 2003 but als:o by th(_a cI|n|C|an§S(aIama ... Martinez-Picado J, Clotet B. Mutaciones de resistencia seleccionadas du-
et al., 2003 and a consensus in such interpretations are still  (ante tratamiento antirretroviral. In: Grupo, E., Entheos, editoréaGu

pending. practica para el manejo idico de las resistencias al VIH. Madrid:
Graficas Marte; 1999. p. 57-133.
Moreno S. Los estudios de resistencias 8tiles para guiar el tratamiento
antirretroviral. Enferm Infecc Micrbiol Clin 2001;19:42—-4.
Niubo J, Li W, Henry K, Erice A. Recovery and analysis of human
References immunodeficiency virus type 1 (HIV) RNA sequences from plasma
samples with low HIV RNA levels. J Clin Microbiol 2000;38:309-12.
Boom RC, Sol JA, Salimans MM, Jansen CL, Wertheim-van Dillen PME, Rubio R, Berenguer J, MarJM, Antela A, Iribarren JA, Goridez J, et al.
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