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Department of Virology, Pitié-Salpêtrière Hospital, Paris, France1; INSERM, Paul Brousse Hospital,

Villejuif, France2; Department of Infectious Diseases, Saint Louis Hospital, Paris, France3; and
BMS France Laboratory, Rueil, France4

Received 28 September 2004/Returned for modification 12 November 2004/Accepted 3 January 2005

We analyzed the didanosine (ddI) arm of the randomized, placebo-controlled Jaguar trial in order to define
a genotypic score for ddI associated with virologic response. In this arm, 111 patients experiencing virologic
failure received ddI in addition to their current combination therapy for 4 weeks. The impact of mutations in
the reverse transcriptase gene on the virologic response to ddI was studied in univariate analysis. Genotypic
score was constructed using step-by-step analyses first including only mutations associated to poorer virologic
response (scored as �1), while secondarily, mutations associated to a better response (scored as �1) were also
eligible. Eight mutations were associated with a reduced response to ddI, M41L, D67N, T69D, L74V, V118I,
L210W, T215Y/F, and K219Q/E, and two mutations were associated with a better response, K70R and M184V/I.
The best prediction of the virologic response to ddI was obtained with a composite score comprising mutations
added and subtracted (set II, M41L � T69D � L74V� T215Y/F � K219Q/E � K70R � M184V/I; P � 4.5 �
10�9) and by comparing that to only mutations added (set I, M41L � T69D � L74V � L210W � T215Y/F �
K219Q/E; P � 1.2 � 10�7). Patients had a human immunodeficiency virus RNA reduction of 1.24, 0.84, 0.61,
0.40, and 0.07 log10 copies/ml when they were ranked as having a genotypic score II of �2, �1, or 0 or 1 and
2 mutations or more, respectively. In conclusion, we developed and validated a genotypic score, taking into
account mutations negatively and positively impacting the virologic response to ddI.

Resistance to antiretroviral drugs is associated with clinical
progression and is an increasing problem for the management
of human immunodeficiency virus (HIV)-infected patients. Se-
lection of drug resistance mutations in a patient’s virus strains
is associated with resistance to specific antiretroviral agents
and may confer cross-resistance, limiting treatment options
and reducing the efficacy of subsequent regimens. It is now
widely recognized that there is significant cross-resistance
among nucleoside reverse transcriptase inhibitors (NRTIs).

Didanosine (ddI) is a 2�,3�-dideoxyinosine analogue reverse
transcriptase inhibitor used in antiretroviral combination ther-
apy for the treatment of HIV-infected patients. The in vitro
and in vivo patterns associated with resistance to ddI have been
described in several studies. Resistance to ddI is frequently
associated with a mutation at codon 74 (L74V), which confers
an approximate 4- to 10-fold reduction in ddI susceptibility
(22). Among patients treated with ddI monotherapy for 12
months following prolonged zidovudine monotherapy, the
L74V mutation was observed in approximately 65% of cases
(21, 22). In addition to the L74V mutation, ddI resistance can
also occur from a mutation at codon 65 (K65R) (25). This
mutation has been isolated from several patients receiving
long-term treatment with ddI and resulted in a three- to five-

fold decrease in ddI susceptibility in vitro. Other in vitro stud-
ies indicate that a mutation at codon 75 (V75T) confers an
approximate fivefold reduction in sensitivity to ddI as well as
cross-resistance to zalcitabine and stavudine (13). However,
the V75T mutation has not been reported in clinical isolates
from patients failing ddI therapy. A mutation at codon 184
(M184V), typically associated with lamivudine resistance, has
been introduced by site-directed mutagenesis, and the recom-
binant viruses thus generated displayed a fivefold decrease in
susceptibility in ddI in vitro (6). However, several recent stud-
ies showed that the M184V mutation may not affect the clinical
response to ddI (24; J. J. Eron, R. J. Bosch, L. Petch, S. Fiscus,
and I. Franck, Abstr. XI Int. HIV Drug Resist. Workshop,
abstr. 123, 2002; A. Pozniak, B. G. Gazzard, M. Peeters, R.
Hoetelmans, and N. M. Graham, Abstr. XI Int. HIV Drug
Resist. Workshop, abstr. 152, 2002). Like other NRTIs, the
Q151M mutation also confers resistance to ddI (5- to 40-fold).

Reverse transcriptase mutations frequently identified in vi-
ruses from patients who have received zidovudine (M41L,
D67N, K70R, L210W, T215Y or F, and K219Q or E) were
thought initially to be associated only with zidovudine resis-
tance (8, 11, 14). However, the response to other NRTIs after
zidovudine failure is often muted, and zidovudine mutations
can emerge during therapy with stavudine or ddI in the ab-
sence of zidovudine (3). Moreover, it has been shown that an
increasing number of thymidine analogue mutations displayed
a progressive reduction in drug susceptibility for all NRTIs
(23). Cross-resistance to ddI resulting from prior NRTI ther-
apy was studied in the control arm of the Narval ANRS
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(Agence Nationale de Recherches sur le SIDA) 088 trial and
showed that the presence of at least three thymidine analogue
mutations (TAMs) including the T215Y/F mutation signifi-
cantly impaired the virologic response to ddI (D. Costagliola,
D. Descamps, V. Calvez, B. Masquelier, A. Ruffault, F. Telles,
J. L. Meynard, and F. Brun-Vézinet, Abstr. 8th Conf. Retrovir.
Opportun. Infect., abstr. 450, 2001). This result suggests that
TAMs could impact the response to ddI.

However, most of algorithms used to define genotypic resis-
tance to ddI in NRTI-experienced patients are based on lim-
ited data. The Jaguar study was a randomized multicenter,
double-blind, placebo-controlled trial evaluating the efficacy of
adding ddI to an ongoing failing highly active antiretroviral
therapy (HAART) regimen. The use of an add-on study pro-
vides the most rigorous evaluation of the intrinsic activity of a
drug and the genotypic determinants of the virologic response
to this given drug. Using the Jaguar trial data set, we defined
a clinically relevant genotype interpretation for resistance to
ddI.

(This work was presented during the XIII International HIV
Drug Resistance Workshop, Tenerife, Spain, 8 to 12 June 2004
[abstract 132].)

MATERIALS AND METHODS

Study population. The Jaguar study (AI454-176) was a randomized multi-
center, double-blind, placebo-controlled trial evaluating the efficacy of adding
ddI to an ongoing failing HAART regimen (18). Subjects were recruited from 29
clinical centers located throughout France and must have been treated for at
least 3 months with a stable antiretroviral drug regimen that did not include ddI,
although ddI could have been part of treatment previously.

Laboratory methods. (i) Plasma HIV-1 RNA assay. Plasma HIV type 1
(HIV-1) RNA was measured in a central laboratory at day 0, week 2, and week
4 by the Amplicor HIV-1 Monitor kit (Cobas 1.5 test; Roche Diagnostic Systems)
with a detection limit of 50 copies/ml.

(ii) Genotyping. Plasma HIV-1 RNA was genotyped using the consensus
method of the French ANRS (2). Genotyping was performed at baseline and at
week 4 in all patients by using an ABI 3100 Genetic Analyzer (PE Applied
Biosystems). The sequences were analyzed using the Sequence Navigator soft-
ware (PE Applied Biosystems) and reported as amino acid changes with respect
to the sequence of the wild-type virus HXB2. Mutations associated with NRTI
resistance were identified according to the consensus statement from the 2003
International AIDS Society (IAS) Resistance-USA Panel (http://www.iasus-
a.org).

Statistical analyses. The endpoint for the analysis was the magnitude of
reduction in HIV-1 RNA levels in log10 copies/ml from day 0 to week 4. The
crude method is used to compute viral load reductions; i.e., HIV-1 RNA levels
�50 copies/ml at week 4 were fixed at 50 copies/ml. Although censored methods
are preferable to compute HIV-1 RNA reductions, the small percentage (11%)
of patients censored by the limit of quantification ensures that the naı̈ve method
provides unbiased estimates (4, 5, 17). We analyzed the impact of each IAS
mutation on the virologic response to ddI by comparing reduction in plasma
HIV-1 RNA in patients with or without the specific mutation using a Wilcoxon-
Mann-Whitney rank test. Among the 2003 IAS NRTI mutations, those that were
present in at least 5% of patients and for which P was � 0.20 in the above-

mentioned univariate analysis were retained for further analysis. Let k be the
number of mutations retained from the univariate analysis. Such a procedure was
applied only to patients randomized in the ddI group.

We used the backward elimination technique with a nonparametric test to
select two final sets of mutations associated with the week-4 virologic response.
The backward elimination technique begins with all k mutations retained from
the univariate analysis. The objective is to compare HIV-1 RNA reductions in
patients having no mutations to those with k mutations with the hypothesis that
an increased number of mutations will result in a poorer virologic response.
Under such conditions, the Wilcoxon-Mann-Whitney rank test, with an unspec-
ified alternative hypothesis, is not appropriate. We used the nonparametric
Jonckheere-Terpstra (JT) test for ordered alternatives that allow testing of a
specific a priori sequence (10). As an ordered alternative is specified, the pref-
erable P value for a JT test is one sided. When the number of groups is greater
than 3 or when the samples are of unequal size, the large-sample size approxi-
mation to the sampling distribution is used. From the initial set of k mutations,
the first step is to remove one mutation. One by one, all combinations of k�1
mutations are investigated, and the combination providing the lower P value with
the JT test is retained. In the second step, mutations are again removed one by
one to compare the combinations of k�2 mutations, the combination providing
the lower P value is again retained, and so on. The procedure ends when
removing a mutation does not provide a lower P value than the previous P value.

Two genotypic scores were computed according to two analyses. In the first
analysis, only variants providing poorer virologic response than that of wild-type
codons were retained for the procedure described above. In the second analysis,
variants involving a better virologic response were also retained for that proce-
dure. In the first analysis, mutations are simply added, while in the second
analysis, mutations providing better virologic response, whether retained by the
procedure, are subtracted from the summation of mutations providing poorer
virologic response.

Finally, we used the bootstrap resampling method to assess the robustness of
the score obtained (1, 20). Multivariate analyses of the score were performed on
500 samples drawn from the 101 patients by sampling with replacement. We
report the number of times the score had a P value of �0.05, �0.001, and
�0.0001 and the median reductions in viral load in the resistance groups.

RESULTS

Patient characteristics. In this study, 168 patients were ran-
domized to receive either ddI (n � 111) or placebo (n � 57)
during 4 weeks. Patients randomized in the two arms had no
significant difference in age, baseline CD4 cell count, and base-
line HIV-1 RNA (Table 1). At baseline, patients had a median
(range) of 4 (0 to 9) NRTI mutations and a median (range) of
3 (0 to 6) TAMs with no significant difference between both
treatment groups. The distribution of NRTI mutations at base-
line is presented in Fig. 1. Week-4 genotypes were performed
in order to detect the acquisition of additional mutations. No
new L74V nor K65R mutations were detected in the ddI
group, and the distribution of mutations remained well bal-
anced between groups, except the V118I mutation that
emerged more frequently in the ddI group (5 patients, 6%)
than in the placebo group (0 patients). However, there was no
relationship between the acquisition of additional mutations at
week 4 and a weaker virologic response to ddI at week 4.

TABLE 1. Baseline patient characteristics

Characteristica ddI (n � 111) Placebo (n � 57) Total (n � 168)

No. (%) male 95 (86) 44 (77) 139 (83)
Median age in yr (range) 44 (25–76) 43 (29–67) 44 (25–76)
No. (%) at CDC stage C 19 (17) 11 (20) 30 (18)
Median plasma HIV-1 RNA log10 copies/ml (range) 13.8 (1.70–5.42) 13.8 (2.62–5.51) 13.8 (1.70–5.51)
Median CD4 cell count/mm3 (range) 380 (122–1,590) 363 (98–873) 378 (98–1590)
No. (%) with previous ddI exposure 72 (65) 43 (75) 115 (68)

a CDC stage C, AIDS status according to the Centers for Disease Control and Prevention classification.
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Virologic response to didanosine. The median reduction in
plasma HIV-1 RNA at week 4 in the patients exposed to ddI
was 0.57 log10 copies/ml (interquartile range, 0.14 to 1.02).
Table 2 shows the univariate analysis of the virologic response
according to the presence of variant or wild-type codons for
positions providing a P value of �0.20. Eight mutations,
present in at least 5% of the samples, were associated with a
reduced virologic response to ddI: M41L, D67N, T69D, L74V,
V118I, L210W, T215Y/F, and K219Q/E (Table 2). Two muta-
tions were significantly associated with a better virologic re-
sponse: K70R and M184V/I.

Didanosine genotypic score. The first analysis is a backward
elimination procedure where only the eight mutations associ-
ated with poorer virologic response are included in the first
step of the procedure (Table 2). The strongest association
between the decrease in viral load and the ordered number of
mutations was observed with the following set: I, M41L �

T69D � L74V � L210W � T215Y/F � K219Q/E. The pres-
ence of the D67N or V118I mutations did not improve the
association (larger P values). The final P value of the JT test
indicates a strong association between the week-4 virologic
response and the number of mutations from set I (Fig. 2a) (P
� 1.2 � 10�7). Only one patient had five and six mutations
among set I, having a poor impact on the corresponding JT
test. Patients with no mutations had a median decrease in viral
load of 0.96 log10 copies/ml, while those with 1, 2, or more than
2 mutations had an HIV-1 RNA reduction of 0.67 and 0.16
log10 copies/ml, respectively (Fig. 2b). We then defined a first
genotypic score (score I) according to patients that had a virus
harboring 0, 1 or 2, or more than 2 mutations (Fig. 2b) (P � 2.3
� 10�7; JT test).

A second analysis was designed where all mutations de-
scribed in Table 2, the eight mutations associated to poorer
virologic response and the two mutations (K70R and
M184V/I) providing better virologic response, were included in
the beginning of the backward elimination technique. The sec-
ond set of mutations retained (set II) defined a second geno-
typic score defined as follows: M41L � T69D � K70R � L74V
� M184V/I � T215Y/F � K219Q/E. The final P value was
lower than the one from the previous analysis, indicating a
stronger association between the week-4 virologic response
and set II (P � 4.5 � 10�9) compared with set I (P � 1.2 �
10�7). Patients with only both K70R and M184V/I mutations
(score II, coded �2 in Fig. 3) had a median reduction in HIV-1
RNA of 1.24 log10 copies/ml. All 30 patients with score II,
coded �1 in Fig. 3, had the M184V/I mutations and absence of
the T69D, L74V, and T215Y/F mutations. Seven out of these
30 patients had the K70R mutation that was balanced in the
computation of the score by the presence of the K219Q/E and
M41L mutations in 6 and 1 patients, respectively. Patients with
score II, coded �1, 0, 1, 2, or 3, had an HIV-1 RNA reduction
of 0.84, 0.61, 0.40, and 0.07 log10 copies/ml, respectively (Fig.
3b). A strong association was founded between score II and the
week-4 virologic response (P � 7 � 10�9; JT test).

Bootstrap analyses. In the 500 bootstrap samples, the P
value of the JT test for the genotypic score I was �0.05 in
491/500 (98%) cases, �0.001 in 443/500 (89%) cases, and
�0.0001 in 418/500 (84%) cases. The estimated median de-

FIG. 1. Distribution and prevalence of nucleoside reverse transcriptase inhibitor mutations.

TABLE 2. Median decrease in HIV-1 RNA at week 4 and
corresponding to a P value of �0.20 according to the presence or

absence of the variant codon in the reverse transcriptase gene

Site Codon(s) No. of
isolates

Median decrease
in HIV RNA P value

M41 M 53 �0.85 �0.0001
L 49 �0.28

D67 D 67 �0.66
N 35 �0.26 0.005

T69 T 93 �0.62
D 9 �0.08 0.05

L74 L 93 �0.62
V 9 �0.06 0.005

V118 V 83 �0.62
I 19 �0.28 0.17

L210 L 74 �0.66
W 28 �0.34 0.003

T215 T 47 �0.88
Y, F 55 �0.38 0.0001

K219 K 77 �0.62
Q, E 25 �0.44 0.20

K70 K 75 �0.44
R 27 �0.94 0.014

M184 M 8 �0.15
V, I 94 �0.61 0.042
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crease in log10 copies/ml of HIV-1 RNA was 0.97, 0.66, and
0.18 in patients with 0, 1 or 2, and more than 2 mutations,
respectively.

Bootstrap analysis with genotypic score II showed that 493/
500 (99%) samples, 461/500 (92%) samples, and 432/500
(86%) samples had a P value of �0.05, �0.001, and �0.0001,
respectively (JT test). The estimated median decrease in log10

copies/ml of HIV-1 RNA was 1.24, 0.81, 0.61, 0.41, and 0.06 in
patients having a genotypic score II, coded as �2, �1, 0, 1, and
2 or 3, respectively.

DISCUSSION

Resistance to ddI was initially related only to the L74V
mutation, regarding the high rate of L74V mutation develop-
ment among patients treated with ddI monotherapy (19, 24).
More recently, progressive reduction in drug susceptibility for
all NRTIs, including ddI, has been associated with an increas-
ing number of TAMs (23). These results suggest that TAMs
could impact the response to ddI and that resistance to this

drug could be more complex than expected. One of the objec-
tives of the Jaguar study was to assess the relationship between
the virologic response at week 4 and baseline HIV reverse
transcriptase genotype. To build up a resistance genotypic
score from clinical studies for one individual drug, two ideal
types of patient populations might be used. One is a population
of patients receiving the same antiretroviral drug treatment
besides the molecule to be studied, and the other is an add-on
placebo-controlled study in which the only difference between
the two groups is the drug to be studied.

Our results confirm that ddI continues to provide activity
against viruses with the M184V/I mutation, as was suggested in
previous studies (24; Eron et al., Abstr. XI Int. HIV Drug
Resist. Workshop, abstr. 123, 2002; Pozniak et al., Abstr. XI
Int. HIV Drug Resist. Workshop, abstr. 152, 2002). Moreover,
in our study, the presence of the M184V/I mutation seems to
have a positive impact on the virologic response to ddI since
the median decrease in plasma HIV-1 RNA was �0.15 and
�0.60 log10 in the absence and presence of M184V/I, respec-
tively. A similar positive effect of the M184V/I mutation on the
responsiveness to ddI has been recently observed (S. Capde-

FIG. 2. (a) Median decrease in HIV-1 plasma RNA at week 4
according to the number of mutations among M41L plus T69D plus
L74V plus L210W plus T215Y/F plus K219Q/E. (b) Median decrease
in HIV-1 plasma RNA at week 4 according to the genotypic score I
number of mutations among M41L plus T69D plus L74V plus L210W
plus T215Y/F plus K219Q/E.

FIG. 3. (a) Median decrease in HIV-1 plasma RNA at week 4
according to the genotypic score II, computed as follows: M41L �
T69D � K70R � L74V � M184V/I � T215Y/F � K219Q/E. (b)
Median decrease in HIV-1 plasma RNA at week 4 according to the
genotypic score II, computed as follows: M41L � T69D � K70R �
L74V � M184V/I � T215Y/F � K219Q/E.

1742 MARCELIN ET AL. ANTIMICROB. AGENTS CHEMOTHER.



pont, V. Aurillac-Lavignolle, M. Faure, M. Dupon, P. Morlat,
J. M. Ragnaud, G. Chêne, H. Fleury, and B. Masquelier, Abstr.
XIII Int. HIV Drug Resist. Workshop, abstr. 120, 2004). The
fact that this effect has not been evidenced before might be
related to the design of the previous studies, which were mainly
switch studies, and to the particular design of the Jaguar trial,
as an add-on study, which may have allowed evidence of such
a positive effect because of the lack of interaction with other
parameters.

The K70R mutation seems to have a positive impact as well,
with a median decrease in plasma HIV-1 RNA of �0.44 and
�0.94 log10 in the absence and presence of K70R, respectively.
The K70R mutation is usually associated with D67N and
K219Q/E in a specific pathway of accumulating TAMs (7, 16).
Recent data have suggested that this pathway was associated
with a lower reduction in susceptibility to zidovudine and
stavudine (P. Flandre, N. T. Parkin, C. J. Petropoulos, and C.
Chappey, Abstr. 11th Conf. Retrovir. Opportun. Infect., abstr.
645, 2004). Similarly, we have observed that the patients (n �
25) harboring the D67N/K70R/K219Q/T215F pattern had a
better virologic response to ddI than the patients (n � 24)
harboring the M41L/L210W/T215Y pattern (�0.95 versus
�0.47 log10; P � 0.011). We could hypothesize that the differ-
ence in virologic response observed between the two pathways
could be related to the fact that the K70R mutation, with its
possible positive effect on response, is mainly observed within
the context of the D67N/K70R/K219Q/T215F pathway. This
positive effect has not been previously described and needs to
be confirmed in further studies. But this could be compared to
the concept of hypersusceptibility that has been described for
mutants resistant to zidovudine that became phenotypically
sensitive in vitro by the mutation M184V in the viral reverse
transcriptase and for nonnucleoside reverse transcriptase in-
hibitors (9, 15).

The selection of additional NRTI mutations between base-
line and week 4 was associated to neither baseline mutation
profiles nor a reduced efficacy of ddI during the trial. However,
the short treatment period of the present study could explain
the low frequency of additional mutations at week 4, and a
longer period of treatment should have been necessary to
definitively avoid such a relationship.

It is now widely recognized that correlation studies analyzing
the virologic response in treatment-experienced patients ac-
cording to the genotypic profile at baseline provide relevant
information for establishing resistance algorithms (1, 12). A
stepwise methodology for the development and validation of
clinically relevant genotypic resistance scores for antiretroviral
drugs has been proposed, and it has been shown for abacavir
that this methodology provided the best prediction of the vi-
rologic response to abacavir compared to other available algo-
rithms (1; C. Cabrera, A. Cozzi-Lepri, A. N. Phillips, C. Love-
day, T. Puig, O. Kirk, M. Ait-Khaled, B. Ledergerber; J.
Lundgren, B. Clotet, and L. Ruiz, Abstr. 9th Eur. AIDS Conf.,
abstr. F6/5, 2003). This approach used the Wilcoxon-Mann-
Whitney test to select the best combination of mutations as-
sociated with the virologic response. This test, however, may
not be the most appropriate to this setting because the groups,
or samples, determined by the number of mutations should be
treated as an ordered variable. Indeed, we expect better viro-
logic response in patients with no mutation than in patients

with one mutation, who are expected to have a better virologic
response than patients with two mutations, and so on. The
Jonckheere-Terpstra test used in this work is appropriate, as it
is specifically designed to test the null hypothesis against an
ordered alternative. In the previous approach, only mutations
associated to poorer virologic response were eligible to be
selected in the final set of mutations. The use of this procedure
led to the selection of the following combination of mutations
(set I) that was strongly associated with the week-4 virologic
response (P � 1.2 � 10�7): M41L � L74V � T215Y/F �
T69D � K219Q/E � L210W.

Another set of mutations, however, was more strongly asso-
ciated with the virologic response. Allowing mutations associ-
ated with a better virologic response as well as mutations
providing poorer virologic response to be eligible in the second
and final set (set II) of mutations led to selection a genotypic
score defined as follows: M41L � M184V/I � L74V � D67N
� K70R � K219Q/E � T215Y/F � T69D. Set II was indeed
more strongly associated with the week-4 virologic response (P
� 8.5 � 10�9) compared with set I. Patients can be classified
as having a genotypic score of �2, �1, 0 or 1, and 2 or more
with a median HIV-1 RNA reduction of 1.24, 0.85, 0.50, and
0.11 log10 copies/ml, respectively. The two sets of mutations
described above provide the lowest P values from the two
step-by-step analyses carried out. Other combinations of mu-
tations, however, led to very low P values, indicating strong
association between the week-4 virologic response and other
combinations of lower numbers of mutations. P values of 1.2 �
10�7 or 8.5 � 10�9 correspond to the tail of the normal dis-
tribution.

Unfortunately, some mutations, like the K65R mutation,
were underrepresented in the population studied and could
not be accounted for in the genotypic score, although they
could have an impact on the response to ddI. However, recent
studies showed that its prevalence is increasing and is probably
associated with the use of tenofovir and that this mutation is
able to reduce susceptibility to all NRTIs except those contain-
ing a 3�-azido moiety like zidovudine (U. Parikh, D. Koontz, J.
Hammond, L. Bacheler, R. Schinazi, P. Meyer, W. Scott, and
J. Mellors, Abstr. XII Int. HIV Drug Resist. Workshop, abstr.
136, 2003). In addition to the possibility in rare cases of selec-
tion of the K65R mutation under ddI therapy, this suggests
that isolates harboring this mutation should be considered
resistant to ddI. Similarly, the Q151M complex and the 69SS
insertion were present in too few patients to assess the re-
sponse.

We developed a new approach to investigate the association
between genotype at baseline and virologic response to an
antiretroviral drug, considering mutations that both negatively
and positively impact the viral response and a nonparametric
statistic test appropriate to test for ordered alternatives (Jonck-
heere-Terpstra test). This approach should improve the pre-
dictivity of the genotypic rules and should be validated in other
data sets and for other antiretroviral drugs.
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Truchis; Hopital Necker, Paris, B. Dupont, O. Lortholary, and L.
Roudière; Hopital Pitie-Salpetriere, Paris, C. Katlama, A. Simon-
Coutellier, V. Calvez, A. G. Marcellin, and M. Kirstetter; Hopital
Bicetre, Kremlin Bicetre, J. F. Delfraissy; Paris Hopital Saint-Antoine,
Paris, P. M. Girard; Hopital Saint-Andre, Bordeaux, P. Morlat; Hopi-
tal Pessac, Bordeaux, J. L. Pellegrin; Hopital Edouard Herriot, Lyon,
J. M. Livrozet; Hopital Hotel-Dieu, Lyon, C. Trepo and L. Cotte;
Hopital Sainte-Marguerite, Marseille, J. Gastaut and I. Poizot-Martin;
Hopital Conception, Marseille, H. Gallais; Hopital Gui de Chauliac,
Montpellier, J. Reynes; Hopital de l’Hotel-Dieu, Nantes, F. Raffi;
Hopital de l’Archet, Nice, P. Dellamonica; Hopital Purpan, Toulouse,
P. Massip and B. Marchou; Centre Hospitalo-Universitaire de Caen,
Caen, C. Bazin; Hopital Saint-Etienne, St.-Etienne, B. Lucht; Hopital
de Toulon, Toulon, A. Lafeuillade; Hopital d’Orleans, Orleans, D.
Hocqueloux and T. Prazuc.
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