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We studied the evolution of nonnucleoside reverse transcriptase inhibitor (NNRTI) resistance mutations
among 29 human immunodeficiency virus type 1 (HIV-1)-infected patients who experienced virologic failure
when receiving an NNRTI-containing regimen (nevirapine, delavirdine, or efavirenz) and subsequently
switched to antiretroviral therapy without NNRTIs. Genotypic resistance was determined from plasma samples
collected at the time of NNRTI withdrawal (baseline) and during follow-up. At baseline, 83% of patients had
more than two thymidine analog resistance mutations (TAMs), and all had NNRTI resistance mutations.
Mutations at codons 103, 181, and 190 were found in 62, 62, and 34% of the patients, respectively. Follow-up
samples were available after a median time of 6 months in all patients and at 12 months in 22 patients. The
mean number of resistance mutations to NNRTIs was significantly lower at months 6 (1.34 + 1.04) and 12 (1.18
* 1.05) than at month 0 (2.03 = 1.02) (P < 0.009). The percentages of patients with at least one NNRTI
resistance mutation were 100, 76, and 73% at baseline, month 6, and month 12, respectively (P < 0.0044).
Overall, 70% of the patients had a mutation at codon 103 or 181 at month 12. The mean number of TAMs did
not vary significantly during follow-up. Our data show that, in the context of maintained antiretroviral therapy,
NNRTI resistance mutations persist in two-thirds of the patients in spite of NNRTI withdrawal. These results
argue for the low impact of NNRTI resistance mutations on viral fitness and suggest that resistance mutations
to different classes of drugs are associated on the same genome, at least in some of the resistant strains.

Nonnucleoside reverse transcriptase inhibitors (NNRTIs)
are potent inhibitors of human immunodeficiency virus type 1
(HIV-1) replication with favorable pharmacokinetics. Resis-
tant viruses rapidly emerge in vitro, and also in vivo, when
these drugs are used in the context of persistent viral replica-
tion (4). High-level phenotypic resistance is the result of single-
nucleotide changes that have been identified and cluster
around the NNRTI binding site (4). There is a large degree of
cross-resistance between the three compounds of this class that
are available today (nevirapine, efavirenz, and delavirdine),
precluding the sequential use of these drugs in case of virolog-
ical failure (1, 2).

In patients with multiple therapeutic failure, recycling of
antiretroviral drugs has been proposed as a therapeutic option.
Some studies have shown that interruption of all antiretroviral
drugs was often associated with viral rebound and loss of re-
sistance mutations to the three classes of drugs, at least when
resistance was analyzed by standard genotypic methods (5, 14,
18). Reintroduction of multiple drug antiretroviral regimens
following therapeutic interruption may be associated with dra-
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matic reduction in viral load, suggesting the relevance of wild-
type virus rebound (5, 6).

Data about the evolution of resistance mutations to NNRTIs
when continuing antiretroviral therapy without any compound
of this class are not available. Loss of NNRTI resistance mu-
tations could allow recycling of compounds of this class when
therapeutic options are limited by successive multiple failures,
although different studies have shown that standard genotypic
methods do not assess minority resistant viral species. Further-
more, evolution of NNRTI resistance mutations in case of
persistent antiretroviral therapy without NNRTIs may be in-
formative on the relationship between resistance mutations to
different classes of antiretroviral drugs.

The objective of our study was to evaluate the evolution of
NNRTI resistance mutations selected in patients who failed an
NNRTI-containing regimen and subsequently switched to an-
tiretroviral therapy without NNRTIs.

(This work was presented in part at the 1st International
AIDS Society Meeting, Buenos Aires, Argentina, July 2001.)

MATERIALS AND METHODS

Patients. The study was conducted with 29 HIV-1-infected patients who ex-
perienced virologic failure while receiving an NNRTI-containing regimen and
withdrew this class of drugs. These patients were monitored in the two infectious
diseases departments of Bichat-Claude Bernard Hospital. Virologic failure was
defined as the presence of a plasma HIV RNA level of >200 copies/ml (Am-
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plicor monitor, version 1.5; Roche, Meylan, France). Drug treatment history,
CD#4 cell count, and plasma viral load were obtained from clinical flowcharts.

Selection of plasma samples. Genotypic resistance was determined from
plasma samples stored at —80°C and collected at the time of NNRTI withdrawal
(baseline) and at intervals after NNRTI withdrawal (approximately 6 and 12
months after withdrawal) according to availability.

Determination of genotypic resistance. Plasma HIV-1 RNA was extracted, and
nested PCR was used to generate the first 700 nucleotides of the reverse tran-
scriptase (RT) gene (19). Direct dideoxy nucleoside terminator cycle sequencing
of the PCR product was performed as previously described (19). Sequencing was
performed in both directions. Sequencing reactions were analyzed on an ABI
3100 (Perkin-Elmer ABI, Foster City, Calif.) instrument and manually proofread
and edited. RT codons 35 to 260 were analyzed and compared to the clade B
consensus sequence. Genotypic resistance to NNRTIs was defined according to
the ANRS Resistance Group algorithm (http://www.hivfrenchresistance.org).
Only known mutations conferring resistance to NNRTIs were considered, in-
cluding changes at codons 98, 100, 101, 103, 106, 108, 181, 188, 190, 225, and 236
of the RT gene. Thymidine analog resistance mutations (TAMs) were defined as
the mutations M41L, D67N, K70R, L210W, T215Y/F, and K219E.

Determination of plasma NNRTI levels. To confirm the interruption of
NNRTI therapy, plasma samples stored at —80°C during follow-up were ran-
domly selected and tested for the presence of NNRTIs. Concentrations of ne-
virapine, efavirenz, and delavirdine in plasma were determined separately by
reverse-phase high-performance liquid chromatography assays (C;g column)
coupled with UV detection, after sample pretreatment (alkaline liquid-liquid
phase extractions). The nevirapine, efavirenz, and delavirdine assays were vali-
dated over concentration ranges of 50 to 10,000 ng/ml, 10 to 10,000 ng/ml, and
50 to 20,000 ng/ml, and the limits of quantification were 50, 10, and 50 ng/ml,
respectively. The between-assay biases were below 10% for all assays.

Statistical analysis. The comparison of the number of mutations per patient
between day 0, month 6, and month 12 was performed with a nonparametric analysis
of variance by the Kruskal-Wallis test. The comparison of the proportion of patients
with at least one NNRTI mutation (or similarly for at least two) was done by a
Fisher’s exact test. The statistical analyses were done with SAS software.

RESULTS

Patient characteristics at baseline. At the time of NNRTI
withdrawal, the median viral load was 5.10 log copies/ml
(range, 2.30 to 6.19 log copies/ml), and the median CD4 cell
count was 158 cells per mm> (range, 12 to 614). Fifteen pa-
tients had been exposed to nevirapine, 10 had been exposed to
delavirdine, and 8 had been exposed to efavirenz, preceded by
nevirapine in 3 subjects and followed by nevirapine in 1 sub-
ject. The median total duration of NNRTI therapy was 7
months (range, 2 to 19 months). The patients had all received
at least two lines of antiretroviral therapy, and 21 patients
(72%) had been exposed to protease inhibitor before NNRTI
withdrawal. The incidence of associated TAMs was high: the
mean number of TAMs was 3.44 = 1.69, and 24 patients (83%)
had 3 TAMs or more, in combination with the M184V muta-
tion in 7 patients and the multidrug resistance mutation
Q151M in one patient. At baseline, the mutations at codons
103, 181, and 190 were the most frequent and were found in 62,
62, and 34% of the patients, respectively. The other mutations
were found in less than 20% of the subjects (Fig. 1A). Figure
1B depicts the incidence of mutations at codons 103, 181, and
190 according to the NNRTIs to which patients had been
exposed. No mutation at codon 190 was found in patients
exposed to delavirdine. Mutation at codon 181 was found in
two of the four patients who had been exposed to efavirenz
only. Ninety percent of the subjects exposed to delavirdine had
the K103N mutation.

Patient characteristics during follow-up. Follow-up samples
were available after a median time of 6 months (range, 4 to 8
months) in all patients and 12 months in 22 patients (range, 10
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FIG. 1. NNRTI resistance mutations at baseline. (A) Incidence of
NNRTI resistance mutations at baseline, according to the different
codons. (B) Incidence of mutations at codons 103, 181, and 190 at
baseline, according to the NNRTI to which patients had been exposed:
nevirapine (NVP), delavirdine (DLV), or efavirenz (EFV).

to 16 months). All but two patients had a persistent viral
replication during follow-up. The median viral loads were 5.05
and 4.72 log copies/ml at months 6 and 12, respectively, and
were not significantly different from the baseline viral load. All
patients except one received antiretroviral therapy during fol-
low-up. Antiretroviral therapy during follow-up was a combi-
nation of nucleosides and protease inhibitor in 20 patients and
2 or 3 nucleosides in 8 patients. The mean number of TAMs
did not vary significantly during follow-up: 2.93 + 1.93 at
month 6 and 3.18 = 2.11 at month 12 versus 3.44 = 1.69 at
baseline.

Evolution of NNRTI resistance mutations during follow-up.
The mean number of resistance mutations to NNRTIs was
significantly lower at months 6 (1.34 = 1.04) and 12 (1.18 =
1.05) than at month 0 (2.03 = 1.02) (P < 0.009). The percent-
ages of patients with at least one NNRTI-associated resistance
mutation were 100, 76, and 73% at baseline, month 6, and
month 12, respectively (P < 0.0044). The percentages of pa-
tients with at least two resistance mutations were 66, 45, and
32% at baseline, month 6, and month 12, respectively (P <
0.053). Persistence of mutations was not associated with a
longer duration of previous NNRTI therapy, since the duration
of NNRTI therapy was 8.7 = 5.7 months in patients who lost
all NNRTI mutations at month 6 compared to 7.5 * 3.2
months in patients who had at least one NNRTT resistance
mutation at month 6. Figure 2 describes the evolution of
NNRTT resistance mutations over time according to the codon.
Mutation at codon 190 appeared to be less stable, since it
remained in less than one-third of the patients who harbored
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FIG. 2. Evolution over time of the incidence of resistance mutations at codons 103, 181, and 190. DO, day 0; M6 and M12, months 6 and 12,

respectively.

this mutation at baseline. Overall, 70% of the patients had a
mutation at codon 103 or 181 at the end of follow-up.

We studied the evolution of NNRTI resistance mutations
according to the presence or absence at baseline of the M184V
mutation. The M184V mutation was detected at baseline in 7
of the 30 patients. The presence of M184V at baseline did not
appear to influence the evolution of NNRTT resistance muta-
tions. In fact, at month 6, the mean decreases in the number of
NNRTI resistance mutations were —0.68 + 0.78 and —0.71 *
0.76 when M184V was absent or present at baseline, respec-
tively. The percentages of patients harboring at least one
NNRTI resistance mutation at month 6 were 77% (17 of 22
patients) and 71% (5 of 7 patients) when M184V was absent or
present at baseline, respectively.

Plasma NNRTI levels. Plasma samples stored during
NNRTI interruption were available for 23 patients. Plasma
NNRTI levels measured retrospectively were below the limit of
quantification in all of these subjects.

DISCUSSION

Agents in the NNRTI class have high potency and favorable
pharmacokinetic properties, but their use is complicated by the
risk of high-level resistance following the development of a
single mutation, as well as a high level of intraclass cross-
resistance. These properties usually preclude the iterative use
of NNRTIs in successive lines of antiretroviral therapy. A
better knowledge of the evolution of NNRTI resistance muta-
tions in patients interrupting NNRTT therapy could be helpful
to understand the interactions between these mutations and
viral replication and to assess whether NNRTT recycling is a
potential therapeutic option in pretreated patients with few or
no active drugs remaining available.

At baseline, genotypic testing of the HIV-1 RT gene showed
NNRTI-associated mutations in 100% of patients. Mutations
were found mainly at codons 103, 181, and 190. Resistance
profile at baseline according to the NNRTI administered was
in agreement with the results of previous studies, showing the
high incidence of Y181C, G190A, and K103N mutations in
patients failing nevirapine therapy (7, 11, 12), K103N in pa-
tients failing efavirenz therapy (3, 7), and Y181C and K103N in

patients failing delavirdine therapy (8, 9, 15). Although it has
been reported that Y181C mutation was unlikely to be selected
by efavirenz (3), this mutation was found in two out of the four
patients who had been exposed to efavirenz only. Preliminary
studies showed that the Y181C mutation did not alter suscep-
tibility to efavirenz in vitro (21), suggesting that this mutation
would not reduce the efavirenz antiviral effect in vivo. How-
ever, further in vivo studies reported that patients with viral
genotypes harboring the Y181C mutation did not respond to
subsequent efavirenz-containing therapy (1; D. Baker, M.
Paul, S. Jeffrey, K. Abremski, and L. T. Bacheler, Abstr. 39th
Intersci. Conf. Antimicrob. Agents Chemother., abstr. 2200,
1999).

The P236L mutation, which confers resistance to delavirdine
but hypersensitivity to other NNRTIs, was never noted in any
of the samples tested. This is in agreement with the results of
previous studies, showing that this mutation occurs infre-
quently in patients exposed to delavirdine (8, 9), contrary to
what is observed in vitro (10).

Several studies have evaluated the evolution of resistance
mutations after withdrawal of antiretroviral therapy in patients
failing treatment (5, 14, 18) and reported that there was a shift
from drug-resistant to drug-susceptible virus in the majority of
patients. This shift was associated with increased plasma
HIV-1 RNA levels and decreased CD4 T-cell counts (5, 18).
Our data were apparently conflicting with the results obtained
with studies evaluating structured treatment interruptions.
However, the shift from resistant to wild-type virus reported in
these studies appeared to be related to the release of archived
wild-type virus strains that outcompete and replace the unsta-
ble, less-fit, drug-resistant strains, rather than to reversion of
resistance mutations (16). Thus, the high degree of persistence
of NNRTI resistance mutations in our study was not surprising.
In fact, all of our patients except one continued to receive
antiretroviral therapy, which was not suppressive, as judged by
the median viral load at 6 and 12 months. Persistence of
NNRTI resistance mutations may be explained by linkage of
these mutations to other protease inhibitor and NRTI resis-
tance mutations that were maintained under selective pressure
of antiretroviral drugs.
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The lack of impact of NNRTI resistance mutations on viral
fitness may have also contributed to the persistence of these
mutations in our patients. In vitro studies have shown that the
Y181C resistant mutant was more fit than the wild type in the
absence of drug, contrary to the V190A mutant, which was less
fit than the wild type (13). Huang et al. reported that K103N
and Y181C had little or no effect on replication capacity, con-
trary to V106A, P225H, and P236L (W. Huang, T. Wrin, A.
Gamamik, J. Beauchaine, J. M. Whitcomb, and C. J. Retro-
poulos, Abstr. XI Int. HIV Drug Resist. Workshop, abstr. 72,
2002.

The M184V mutation results in diminished viral fitness, and
it has been shown in vitro that M184V-containing virus was not
able to mutate extensively (20). Thus, we could expect a less
important decrease in the mean number of NNRTI resistance
mutations in the subgroup of patients with M184V mutation at
time of NNRTI withdrawal, but this was not the case. The
interpretation of our data, however, remains limited by (i) the
small sample size and (ii) the heterogeneity of antiretroviral
treatment after NNRTTI interruption, with some patients only
remaining under 3TC therapy. Firm conclusions could not be
drawn on the influence of M184V mutation on the evolution of
genome at codons involved in resistance to NNRTIs.

Our results are in agreement with results of previous prelimi-
nary studies. In a group of 10 patients failing efavirenz-containing
therapy, Baker and Bacheler reported that the K103N mutation,
which was present in all patients at the time of efavirenz inter-
ruption, persisted in 7 subjects through follow-up (18 to 336 days)
(D. Baker and L. Bacheler, Abstr. 40th Intersci. Conf. Antimi-
crob. Agents Chemother., abstr. 1545, 2000). In another study,
Miller et al. reported that the K103N mutation was detected in
viral strains obtained from two of three patients who had inter-
rupted loviride therapy for at least 8 months (17).

In conclusion, our study showed the persistence of at least
one resistance mutation to NNRTIs in 70% of patients discon-
tinuing NNRTIs but still being treated with other antiretroviral
drugs, at 6 and 12 months after NNRTI withdrawal. These
results suggest that these mutations do not confer a selective
viral fitness disadvantage. Thus, there would be little rationale
for continuing a failing NNRTI-containing regimen in order to
maintain a viral population with decreased fitness, in contrast
to suggestions regarding the M184V mutation to lamivudine.
Our results suggest that resistance mutations to different
classes of drugs are associated on the same genome, at least in
part of the resistant strains, and that a therapeutic strategy of
selective interruption of antiretroviral therapy, suppressing
one class of drugs, would not lead to reemergence of viral
strains with sensitivity to the compounds of this class.
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