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Abacavir is frequently used in antiretroviral combination therapies as a potent nucleoside reverse transcrip-
tase inhibitor (NRTI). Four mutations are selected for by abacavir in vitro and in vivo: K65R, L74V, Y115F,
and M184V. Abacavir resistance has also been observed in NRTI multidrug-resistant samples. Furthermore,
abacavir resistance has been described in the context of zidovudine resistance. To evaluate the genetic basis of
abacavir resistance, the viral genotype and phenotypic resistance were analyzed for 307 patient samples. Low-
and high-level resistances were defined as 2.5- to 5.5-fold- and >5.5-fold-reduced susceptibility, respectively. If
all samples with abacavir-selected and NRTI multidrug resistance-associated mutations were scored as resis-
tant, 27.6% of the samples were misclassified, mainly due to samples falsely scored as susceptible. Therefore,
the relative frequencies of other mutations were evaluated. Mutations at codons 44 and 118 were rarely
detected in abacavir-susceptible samples but were overrepresented in resistant samples. Site-directed mu-
tagenesis of E44D, V118I, and M184V resulted in low-level resistance for the double mutant 44/184 and the
triple mutant. Low-level abacavir resistance was also detected for a viral clone carrying zidovudine mutations
only. Additional insertion of M184V into the zidovudine background doubled the resistance, whereas 44/118 did
not lead to a further increase. Incorporating combinations of zidovudine mutations and M184V into the scoring
system markedly reduced the number of misclassified samples, whereas 44/118 did not improve the prediction.
In conclusion, the combination of M184V with zidovudine mutations gives rise to high-level abacavir resis-
tance, which may be clinically relevant. Thus, options for useful sequential combinations of NRTI are limited.

Since abacavir (1592U89) was approved as the sixth nucle-
oside reverse transcriptase inhibitor (NRTI) in 1998, it has
frequently been used in antiretroviral combination therapies.
Abacavir is at least as potent as the other NRTIs, has good oral
bioavailability, and effectively penetrates into the central ner-
vous system (1, 5). Furthermore, abacavir has been shown to
be synergistic in combination with various antiretroviral drugs
(11, 22). The combination with other NRTIs offers the oppor-
tunity of sparing other classes of antiretroviral drugs for sub-
sequent use. In most cases, abacavir is well tolerated, with only
minor side effects (9). A serious adverse event, a hypersensitiv-
ity reaction, has been reported to occur in 3 to 5% of patients,
which precludes further use of abacavir in those patients (4).

Four drug resistance-associated mutations have been re-
ported to be selected for by abacavir in vitro: K65R, L74V,
Y115F, and M184V (23). These mutations were also selected
in vivo, except that the codon Y115F mutation is only rarely
observed in patient samples (6, 17). Additionally, abacavir re-
sistance has been observed for two patterns selected by other
nucleoside analogues, which are associated with NRTI multi-
drug resistance (MDR), the Q151 M complex (24) and the
family of amino acid insertions between codons 67 and 70 of
the reverse transcriptase (14). Furthermore, abacavir resis-
tance has been described in the context of zidovudine and
lamivudine resistance: M184V was selected after in vitro pas-

sage of a zidovudine-resistant viral clone in the presence of
abacavir (23), and in some clinical isolates an increase in aba-
cavir resistance was observed after M184V had developed in
the context of zidovudine resistance (6).

The most frequent mutation implicated in abacavir resis-
tance is M184V; however, controversial data exist concerning
the relevance of this mutation for abacavir resistance. On one
hand, the use of abacavir selects for M184V in vitro and in vivo
(6, 17). On the other hand, the presence of M184V does not
seem to preclude an antiviral response to abacavir in combi-
nation therapy (11). However, in heavily pretreated patients
with a high prevalence of zidovudine and lamivudine resistance
at baseline, the use of abacavir was associated with minor
success (13).

Therefore, we wanted to investigate resistance to abacavir in
more detail, using a database of corresponding genotypic and
phenotypic results. The aims were to clarify the role of lami-
vudine resistance for abacavir resistance and to develop a
model for more precise prediction of resistance to this drug.

(This material was presented in part at Progress in Clinical
Virology IV of the European Society for Clinical Virology,
Hamburg, Germany, September 1998 [abstr. 212]; the 3rd Eu-
ropean Symposion on the Clinical Implications of HIV Drug
Resistance, Frankfurt, Germany, February 2001 [abstr. 14];
and the 5th International Workshop on HIV Drug Resistance
and Treatment Strategies, Scottsdale, Ariz., June 2001 [abstr.
70].)

MATERIALS AND METHODS

Selection of samples. A total of 307 samples were obtained from 257
patients being treated at more than 20 outpatient centers and hospitals in
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Germany. The samples had been sent to the German National Reference
Centre for Retroviruses for resistance testing between January 1998 and
January 2000. Selection of samples was based on the availability of genotypic
and phenotypic results only. In most cases, resistance testing was required
because of permanently high viremia or rebound of viral load under antiret-
roviral therapy. Treatment histories were available for 229 of the 307 samples
(74.6%). Of these, 81 samples (35.4%) were derived from abacavir-experi-
enced patients.

Resistance testing. Genotypic and phenotypic resistance tests were per-
formed as described previously (20, 25). In brief, the genes for the protease
and the relevant parts of the reverse transcriptase were amplified from pa-
tient plasma. Genotypic analysis was performed by direct sequencing of the
product using dye terminators (Amersham, Cleveland, Ohio). Sequences were
aligned with the Wisconsin Package version 10.0 (Genetics Computer Group,
Madison, Wis.). The detection limit for minority species was about 30%. Resis-
tance-associated mutations compiled by Schinazi et al. (19) were identified using
the Stanford database (21). Phenotyping was performed by the recombinant-
virus technique: the amplification product described above was cloned into a
matched deletion mutant of the proviral human immunodeficiency virus type 1
clone NL4-3 (GenBank entry M19921). Viral stocks containing replication-com-
petent recombinant viruses were obtained by transient transfection of 293T cells.
A CEMx174-derived cell line containing the gene for the secreted alkaline
phosphatase (SEAP) under the control of the simian immunodeficiency virus
long terminal repeat (15) was used as an indicator cell line for titration of virus
stocks and for drug susceptibility testing. Testing of abacavir resistance was
performed in triplicate in 96-well plates containing 25,000 cells per well. SEAP
activity was determined after 3 days. The inoculum was standardized to yield
10,000 relative light units/well after 3 days of culture without drugs. The resis-
tance factor (RF) was calculated by dividing the 50% inhibitory concentration
(IC50) for the respective recombinant virus by the IC50 for the nonresistant
reference strain NL4-3, which was included in each independent assay.

Mutagenesis. Viral clones were constructed by site-directed mutagenesis (10).
For the insertion of E44D, V118I, and M184V into the pNL4-3 backbone, the
following sense and antisense primers were used: E44D-s (5�-CAGAGATGGA
AAAGGATGGGAA-3�), E44D-as (5�-TTTTCCCATCCTTTTCCATCTCT-
3�), V118I-s (5�-TTTTTCAATTCCCTTAGATGAAGAC-3�), V118I-as (5�-GT
CTTCATCTAAGGGAATTGAAAAA-3�), M184V-s (5�-TCTATCAATACGT
GGATGATTTG-3�), and M184V-as (5�-CAAATCATCCACGTATTGATAG
A-3�). For the construction of viral clones carrying zidovudine mutations, M41L
was inserted with M41L-s (5�-TTGTACAGAGCTGGAAAAGGAA-3�) and
M41L-as (5�-TCCTTTTCCAGCTCTGTACAAA-3�). Two strategies were used
for the insertion of L210W and T215Y: viral clones resulting from mutagenesis
with primers L210W/T215Y-s (5�-CTGTGGAGGTGGGGACTTTACACACC-
3�) and L210W/T215Y-as(5�-GGTGTGTAAAGTCCCCACCTCCACAG-3�)
contained 211R and 214L, whereas the use of primers L210W/R211K/T215Y-s
(5�-CTGTGGAAGTGGGGATTTTACACACC-3�) and L210W/R211K/
T215Y-as (5�-GGTGTGTAAAATCCCCACTTCCACAG-3�) resulted in viral
clones with R211K and L214F. The drug susceptibilities of viral clones were
determined as described above with at least four independent runs for each
clone.

Algorithms. Algorithms for the prediction of abacavir resistance from ge-
notypic data were evaluated for sensitivity (percentage of phenotypically re-
sistant viruses that were also predicted to be resistant by the algorithm) and
specificity (percentage of phenotypically susceptible viruses that were also pre-
dicted to be susceptible by the algorithm).

RESULTS

A total of 307 samples were retrospectively analyzed for
abacavir resistance. The IC50 of abacavir for the nonresistant
reference virus NL4-3 was determined to be 4.58 � 2.03 �M in
16 independent assays, a finding which is similar to previously
published data (6, 23). The sample set was divided into three
classes: samples with �2.5-fold resistance were defined as sus-
ceptible, whereas 2.5- to 5.5-fold and �5.5-fold resistances
were used to distinguish between “low-level resistant” and
“high-level resistant” samples, respectively. The lower limit of
2.5-fold was based on assay reproducibility. The upper limit of
5.5-fold was arbitrarily chosen. According to the classification
presented above, 96 samples proved to be susceptible to aba-

cavir, whereas 80 and 131 samples exhibited low- and high-
level resistance, respectively.

In a first step, the frequencies of abacavir-selected muta-
tions and the NRTI MDR patterns were determined. Mu-
tations K65R (n � 2) and Y115F (n � 2) were detected in
three samples only, whereas NRTI MDR (n � 14), L74V
(n � 33), and M184V (n � 135) occurred more frequently.
Comparing the relative frequencies of these mutational pat-
terns with respect to the level of resistance revealed that
NRTI MDR and L74V were predominantly present in
highly resistant samples, whereas M184V was frequently
detected in samples with low- and high-level resistance (Ta-
ble 1).

To evaluate whether these mutational patterns were suf-
ficient to predict resistance to abacavir (RF � 2.5), samples
were scored as resistant if they contained K65R, L74V,
Y115F, NRTI MDR, or M184V. This resulted in a total of
85 misclassified samples (27.6%). While a specificity of
86.5% was achieved, sensitivity was considerably lower
(65.9%). A low sensitivity means by definition that a high
proportion of samples which are resistant in the phenotypic
assay are predicted to be susceptible by this algorithm. This
suggested that additional mutations were involved in abacavir
resistance.

In a second step, the relative frequencies of other muta-
tions were analyzed for abacavir-susceptible samples and for
samples with low- and high-level resistance (Table 2). Mu-
tations at codons 41, 67, 70, 210, 215, and 219 were detected
in 9.4 to 24.0% of susceptible samples and two to three times
more frequently in low-level resistant samples. In contrast,
mutations at codons 44, 118, and 208 were present only in a
very low percentage of abacavir-susceptible samples (2.1 to
5.2%) but were detected four to eight times more frequently
in low-level resistant samples (Table 2).

At that time, mutations at codons 44 and 118 had not been
described as drug resistance associated. To investigate
whether these “new” mutations, as well as M184V, contrib-
ute to abacavir resistance, the mutations were inserted into
the nonresistant reference virus NL4-3. The single mutants
exhibited less than twofold-reduced susceptibility to abacavir
(MW01, MW02, and MW03) (Table 3). A 3.1-fold-reduced
susceptibility to abacavir was detected for the double mutant
44/184 and the triple mutant 44/118/184 (MW05 and MW07).

After mutations E44D/A and V118I had been reported to
be associated with moderate resistance to lamivudine in the

TABLE 1. Frequencies of mutations associated with resistance to
abacavir in clinical isolates (n � 307), ranked

with increasing resistance to abacavir

Fold reduced
susceptibility
to abacavira

Frequency (%) of mutations associated with
resistance to abacavir (6, 17, 23) No. of

samples
K65R L74V Y115F NRTI MDRb M184V/I

�2.5 0 3.1 0 0 11.5 96
2.5–5.5 0 3.8 1.3 1.3 43.8 80
�5.5 1.5 20.6 0 9.9 71.0 131

a Fold increase in the IC50 of the respective recombinant virus compared to
the IC50 of the nonresistant reference virus NL4-3.

b Amino acid insertions between codons 67 and 70 of the reverse transcriptase
(14) or Q151M (plus A62V, S68G, V751, F77L, and F116Y) (24).
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presence of zidovudine mutations (7), we wanted to inves-
tigate whether a similar mechanism might be relevant for
abacavir resistance. Thus, site-directed mutagenesis was ex-
tended to include the mutations M41L, L210W, and T215Y.
These mutations were selected because their combination
represented the most frequent pattern of zidovudine muta-
tions in the clinical samples (107 of 237; 46.0%). In a first
strategy, viral clones were constructed which contained
zidovudine and lamivudine mutations in a background of
211R and 214L. However, recombinant viruses resulting
from this strategy (44/118/210/215, 44/118/184/215, 41/44/118/
184/210/215, and 44/118/184/210/215) replicated so poorly that
resistance testing could not be performed. Mutations R211K
and L214F have been reported to be associated with zidovu-
dine and lamivudine dual resistance (19). Thus, in a second
strategy, viral clones were constructed which contained R211K
in addition to L214F as a natural polymorphism of the NL4-3
backbone. In this context, zidovudine mutations alone were
sufficient to obtain a 3.8-fold-reduced susceptibility to aba-
cavir (MW08) (Table 3). The additional presence of E44D
and V118I added only a slight increase in abacavir resistance
(MW09). An eightfold-reduced susceptibility to abacavir, how-
ever, was detected for M184V in addition to zidovudine mu-
tations (MW10). In this context, E44D and V118I did not lead
to any further increase of resistance (MW11).

To clarify the discrepancy between the relative frequencies
of mutations E44D/A and V118I in abacavir-resistant samples
and their minor role in the clonal analyses, their relative fre-
quencies were determined in clinical isolates with or without

zidovudine resistance mutations (M41L, D67N, K70R, L210W,
T215Y/F/C, and K219Q/E/R) and/or M184V/I. Both E44D/A
and V118I were virtually absent in samples without any zido-
vudine resistance mutation, irrespective of the presence of
M184V/I (Fig. 1). However, these mutations were detected in
18.6 to 31.0% of samples carrying at least one zidovudine
mutation without M184V/I and with a similar frequency (23.1
to 23.9%) in samples carrying zidovudine mutations and
M184V/I. The same distribution could be seen for H208Y,
which has been linked to zidovudine and lamivudine dual re-
sistance (16).

Based on the analysis of clinical samples and the results of
the mutagenesis, different algorithms were evaluated for the
prediction of abacavir resistance. Mutations K65R and
Y115F were excluded from this evaluation, because they
were too rare for a meaningful analysis. For the prediction
of low-level abacavir resistance (RF � 2.5), the lowest num-
ber of misclassified samples (n � 43; 14.0%) was achieved by
the algorithm “presence of L74V or NRTI MDR or M184V
or any two mutations of 41/210/215,” which resulted in
91.9% sensitivity and 72.9% specificity. For the prediction of
high-level resistance only (RF � 5.5), the best sensitivity
(87.8%) and specificity (76.7%) were obtained for the algo-
rithm “presence of L74V or NRTI MDR or any three mu-
tations of 41/184/210/215,” resulting in 57 misclassified sam-
ples (18.6%). Inclusion of E44D/A and/or V118I did not
improve the algorithms. This was also true for H208Y and
for D67N and/or K70R, respectively.

TABLE 2. Frequencies of mutations associated with resistance to zidovudine and lamivudine in clinical isolates (n � 307),
ranked with increasing resistance to abacavir

Fold reduced
susceptibility
to abacavira

Frequency (%) of mutations associated with resistance to zidovudine and lamivudine (19) No. of
samplesM41L E44D/A D67N K70R V1181 M184V/I H208Y L210W R211K L214F T215Y/F/C K219Q/E/R

�2.5 17.7 3.1 14.6 9.4 5.2 11.5 2.1 9.4 43.8 88.5 24.0 12.5 96
2.5–5.5 55.0 17.5 45.0 22.5 21.3 43.8 16.3 30.0 51.3 88.8 57.5 21.3 80
�5.5 76.3 32.8 54.2 19.9 31.3 71.0 20.6 67.2 71.0 87.8 80.9 31.3 131

a Fold increase in IC50 of the respective recombinant virus compared to the IC50 of the nonresistant reference virus NL4-3.

TABLE 3. Resistance profiles of viral clones constructed by site-directed mutagenesisa

Mutation(s) at
codons Mutant

NRTI resistance profileb

Zidovudine Lamivudine Abacavir

RF n RF n RF n

44 MW01 2.0 (1.2) 5 1.3 (0.4) 16 1.3 (0.5) 15
118 MW02 1.0 (0) 5 1.9 (1.0) 7 1.2 (0.3) 6
184 MW03 1.4 (0.5) 5 �100 (NA) 16 1.5 (0.6) 15
44/118 MW04 1.2 (0.3) 5 6.2 (2.6) 5 2.2 (0.6) 5
44/184 MW05 1.2 (0.3) 5 �100 (NA) 15 3.1 (1.2) 14
118/184 MW06 1.0 (0) 5 �100 (NA) 7 1.8 (0.6) 6
44/118/184 MW07 1.0 (0) 5 �100 (NA) 7 3.1 (1.3) 7
41/210/211/215 MW08 �100 (NA) 6 3.0 (0.6) 7 3.8 (0.8) 8
41/44/118/210/211/215 MW09 �100 (NA) 4 6.2 (1.8) 5 4.7 (1.9) 7
41/184/210/211/215 MW10 51.0 (24.0) 4 �100 (NA) 5 8.0 (3.7) 7
41/44/118/184/210/211/215 MW11 32.2 (20.6) 5 �100 (NA) 6 7.9 (2.3) 8

a Mutations that were inserted into the pNL4-3 backbone were M41L, E44D, V118I, M184V, L210W, R211K, and T215Y. Recombinant viruses from viral clones
with 211R and 214L (44/118/210/215, 44/118/184/215, 41/44/118/184/215, and 44/118/184/210/215) replicated so poorly that resistance testing could not be performed.

b RF, fold increase in IC50 compared with the nonresistant reference virus NL4-3; n, number of independent runs for each phenotypic resistance testing; NA, not
applicable, because endpoint of resistance was not determined. Standard errors are included in parentheses.
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DISCUSSION

This study confirmed that both M184V and zidovudine mu-
tations contribute to abacavir resistance. In addition to the use
of previously published data (6, 23), both a systematic analysis
of clinical samples and site-directed mutagenesis were per-
formed. Site-directed mutagenesis proved that the combina-
tion of both patterns had a synergistic effect on abacavir resis-
tance, which is in contrast to the reduction of zidovudine
resistance observed after the introduction of M184V. This was
further supported by the evaluation of algorithms in clinical
samples: low-level abacavir resistance could be predicted
from the presence of either M184V or zidovudine mutations,
whereas the presence of at least three mutations from a com-
bination of zidovudine mutations and M184V was required for
the prediction of high-level abacavir resistance. For both algo-
rithms, most of the misclassified samples had resistance factors
close to the chosen cutoffs (data not shown). Samples with
resistance factors higher than two times the cutoff value were
very rare (3 of 43 and 3 of 57 samples for the prediction of
low-level and high-level resistance, respectively). The majority
of misclassified samples were phenotypically susceptible but
were classified as resistant, which is a conservative approach.
Since these algorithms have been developed to predict the
phenotype from the genotype, they still have to be evaluated
for clinical relevance.

Some other mutations have been reported to develop in the
context of zidovudine and lamivudine dual resistance: H208Y,
R211K/L214F, and G333E/D (12, 16, 19). The role of muta-
tions at codon 333 of the reverse transcriptase could not be
evaluated, because the patient-derived part of the recombinant

viruses only contained the first 300 amino acids of the reverse
transcriptase. Mutations R211K and L214F were investigated
by site-directed mutagenesis. Sufficiently replicating viruses
were only obtained if these mutations were additionally pres-
ent in a background of zidovudine mutations and M184V. This
suggests that these mutations are important for the fitness of
such viruses, facilitating zidovudine and lamivudine dual resis-
tance. However, since viruses with zidovudine mutations and
M184V without R211K and L214F were observed in patient
samples, this is not an essential requirement.

A role for H208Y in abacavir resistance may be suspected
from the overrepresentation of this mutation in resistant clin-
ical samples. However, similar to E44D/A and V118I, mutation
H208Y was virtually absent in isolates without other zidovu-
dine resistance-associated mutations and seemed to appear
independently of the presence of M184V/I (Fig. 1). For E44D
and V118I, this distribution has already been described (3, 7).
Additionally, none of these three mutations improved the pre-
diction of abacavir resistance in clinical isolates. This supports
the idea that these mutations are overrepresented in abacavir-
resistant samples because they frequently develop in the con-
text of zidovudine resistance. Thus, these mutations are good
indicator mutations for abacavir resistance but do not neces-
sarily contribute to abacavir resistance themselves.

The direct effect of mutations E44D and V118I was also
assessed by site-directed mutagenesis. A slight increase in aba-
cavir resistance was observed for viral clones carrying E44D
compared to the respective clones without this mutation
(MW05 versus MW03, MW07 versus MW06, and MW09 ver-
sus MW08), except for the highly resistant viruses (MW11

FIG. 1. Relative frequencies of mutations E44D/A, V118I, and H208Y with respect to zidovudine resistance mutations and mutations at
position 184 (n � 307). ZDV MUT is defined as the presence of one of the following mutations: M41L, D67N, K70R, L210W, T215Y/F/C, or
K219Q/E/R. 184 MUT is defined as the presence of M184V/I. WT wild type, MUT mutant.
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versus MW10). A similar effect could not be seen for the
mutation V118I. Thus, the possibility that E44D may increase
abacavir resistance in viruses with certain combinations of drug
resistance-associated mutations cannot be excluded. Mutations
E44D and V118I were originally reported to be associated with
moderate resistance to lamivudine in the presence of zidovu-
dine mutations (7). Thus, these mutations represent an alter-
native way for zidovudine-resistant viruses to acquire lamivu-
dine resistance under simultaneous pressure of zidovudine and
lamivudine. In contrast to M184V, resistance to lamivudine is
only moderate, but it may be sufficient to enable replication
under clinical conditions. However, the advantage compared
to M184V is that zidovudine resistance is not reversed by
E44D and V118I. Another aspect may be that E44D and
V118I are possibly involved in resistance to other NRTIs.
Thus, these mutations may be involved in abacavir resistance
by a mechanism facilitating NRTI cross-resistance.

A problem in all studies of human immunodeficiency virus
drug resistance is the definition of cutoff values to discriminate
susceptible from resistant samples (2, 8, 18). In our study, the
lower cutoff was defined according to technical restrictions,
being based on assay reproducibility. The upper cutoff was
arbitrarily chosen. Two cutoffs were chosen to address the
point that drug resistance and consecutive treatment failure
evolve as a continuum, i.e., the higher the resistance level, the
more likely is therapy failure. Furthermore, the determination
of meaningful cutoffs for phenotypic assays is still difficult.
Recently, data on clinical cutoffs for abacavir resistance were
presented (E. R. Lanier, N. Hellmann, J. Scott, M. Ait-Khaled,
T. Melby, E. Paxinos, H. Werhane, C. Petropoulos, E. Kusaba,
M. St. Clair, L. Smiley, and S. Lafon, 8th Conf. Retrovir.
Opportunistic Infect., abstr. 254, 2001). In this study, response
to abacavir in combination therapy was significantly worse if
patients carried viruses with 4.5- to 6.5-fold-reduced suscepti-
bility than if they carried viruses with less than 4.5-fold-re-
duced susceptibility. Therapy response was virtually absent if
viruses with more than 6.5-fold-reduced susceptibility were
present. Thus, the upper cutoff value that we have arbitrarily
chosen is in the same range as these clinical cutoffs, although
two different virus assays cannot be compared directly.

Finally, this study showed some interesting results concern-
ing the role of M184V for abacavir resistance: the introduction
of the single mutation into a wild-type background did not
confer substantial abacavir resistance, which may explain why
the presence of M184V alone does not preclude a therapy
response to abacavir (11, 17). Nevertheless, since M184V is
rapidly selected in the presence of abacavir in vitro and in vivo,
this single-base mutation must confer some selective advantage
(6). With M184V alone, this advantage may be very small, and
possibly the slightly higher average resistance factor of 1.5
measured in the site-directed mutagenesis is an indicator of
this advantage. If additional mutations are acquired, resistance
increases to higher levels, which are more likely to be clinically
relevant. These may be zidovudine resistance-associated mu-
tations, which can be selected for by pretreatment with zidovu-
dine and lamivudine as well as with stavudine and lamivudine.
These combinations are frequent in the treatment history of
heavily pretreated patients, which may explain the low success
rate of abacavir in such patients (13).

In conclusion, our study supports the concept that cross-

resistance is frequent not only within the classes of protease
inhibitors and nonnucleoside reverse transcriptase inhibitors,
but also within the class of NRTIs. Thus, the results of our
study may have implications for daily clinical practice because
they indicate that options for useful sequential NRTI combi-
nations are limited.
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Überla. 1999. Rapid, phenotypic HIV-1 drug sensitivity assay for protease
and reverse transcriptase inhibitors. J. Clin. Virol. 13:71–80.

94 WALTER ET AL. ANTIMICROB. AGENTS CHEMOTHER.


