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Most approved drugs with activity against hepatitis B virus (HBV) have activity against human immuno-
deficiency virus type 1 (HIV-1), which precludes their use in patients who are coinfected with HBV and HIV-1
and who are not receiving antiretroviral therapy due to the risk of inducing resistance. The activity of
telbivudine, a highly selective HBV inhibitor, against temporally and geographically distinct wild-type and
multidrug-resistant HIV-1 clinical isolates was evaluated in vitro. No inhibition was observed with up to 600
�M drug, which supports further exploration of telbivudine as a therapeutic option for the treatment of HBV
infections in patients coinfected with HIV-1.

Coinfection with hepatitis B virus (HBV) and human immu-
nodeficiency virus type 1 (HIV-1) is common because both
viruses are transmitted through the sexual and percutaneous
routes. An estimated 10% of the 40 million HIV-infected in-
dividuals have developed chronic hepatitis B (1). The treat-
ment of HBV infection in patients coinfected with HIV-1has
become an important health issue due to the increased mor-
bidity and mortality resulting from HBV-related chronic liver
disease (15). Several nucleoside/nucleotide inhibitors with dual
activities against both HIV-1 and HBV have been used as part
of combination antiviral regimens in coinfected patients, in-
cluding lamivudine, emtricitabine, adefovir, and tenofovir (2,
4–6, 16). However, few options exist for patients who are in-
fected with HBV but who do not meet the current criteria for
treatment with highly active antiretroviral therapy (HAART),
as treatment with these anti-HBV agents alone has a proved
(lamivudine and tenofovir) or theoretical (adefovir) risk of
inducing resistance in HIV-1. Recently, it was reported that
treatment with entecavir (ETC) also led to a consistent 1-log10

(copies/ml) reduction in the HIV-1 load in patients coinfected
with HBV (9). Moreover, entecavir can select for the M184V
mutation in the reverse transcriptase (RT) region of HIV-1.
The M184V mutation confers phenotypic resistance to the
drug both in vitro and in patients. Biochemical studies have
confirmed that entecavir 5�-triphosphate is a substrate of HIV
RT (3). Thus, treatment of HBV infection in patients coin-
fected with HIV-1 should be carefully selected and monitored
to minimize the risk of developing HIV-1 resistance.

Telbivudine (LdT), a synthetic L-analogue of thymidine, was
approved for the treatment of chronic HBV infection in 2006.
The compound is a highly specific inhibitor of HBV polymer-
ase. It was previously shown that telbivudine had no significant
in vitro activity against 15 other DNA and RNA viruses, in-
cluding two laboratory strains of wild-type HIV-1 (14). The

lack of activity against HIV-1 presents an opportunity to use
telbivudine for the treatment of HBV infection in patients
coinfected with HIV-1 without introducing the risk of devel-
oping HIV-1 resistance in the absence of HAART, as recom-
mended by an international panel on HIV-HBV coinfection
(13). However, Low et al. recently reported a single case in
which an patient who was coinfected with HIV and HBV and
who was receiving adefovir-telbivudine combination therapy
had a surprising reduction in the HIV-1 load that rebounded
after telbivudine was withdrawn (8). The authors speculated
that telbivudine was responsible for the inhibition of HIV-1;
however, there were no data confirming the susceptibility of
the HIV-1 isolate from that patient to either telbivudine or
adefovir or the combination of both drugs in vitro, and no
resistance-conferring mutation was identified. Nevertheless, an
important question was raised, that is, whether telbivudine has
any activity against HIV-1, particularly clinical isolates, since
previous testing was performed only with a minimum number
of laboratory strains. Therefore, prior to the further clinical
investigation of the use of telbivudine in patients coinfected
with HIV and HBV, a comprehensive in vitro study was initi-
ated to examine the activity of the drug against HIV-1 clinical
isolates.

Eight temporally and geographically distinct HIV-1 clinical
isolates were selected from the library of Monogram Bio-
sciences (South San Francisco, CA) to cover isolates from a
broad range of geographic locations and obtained at a variety
of collection times, as well as to include various HIV-1 sub-
types (subtypes A, B, BF, C, and D). In addition, two known
multidrug-resistant HIV-1 isolates from the collection were
also selected for evaluation. The first isolate has five mutations
(D67N, K70R, T215F, K219E, and M184V) and represents an
HIV-1 isolate with mid- to high-level resistance to both nucle-
oside RT inhibitors (NRTIs; zidovudine, lamivudine, and aba-
cavir) and nonnucleoside RT inhibitors (NNRTIs; nevirapine,
delavirdine, and efavirenz). It contains the signature M184V
mutation that is responsible for resistance to both lamivudine
and entecavir. The second isolate has three mutations (K103N,
Y181C, and G190A) and represents an HIV-1 isolate with
high-level resistance to NNRTIs (nevirapine, delavirdine, and
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efavirenz). Entecavir (synthesized by Moravek Biochemicals
Inc.) was included in the study for comparison because it has
previously been reported to have activity against HIV-1 clinical
isolates (7). Lamivudine was also included as a positive control.

The activities of the drugs were assessed by the PhenoSense
HIV drug susceptibility assay developed by Monogram Bio-
sciences, the detailed methodology of which has been de-
scribed previously (11). Briefly, the RT- and protease-coding
regions of the HIV-1 clinical isolates were amplified from viral
RNA by RT-PCR. The amplified product and a luciferase
indicator gene were inserted into a resistance test vector plas-
mid. To produce a virus stock for the drug susceptibility assay,
human embryonic kidney cells (HEK293 cells) were cotrans-
fected with the resistance test vector plasmid DNA and an ex-
pression vector encoding the envelop proteins of amphotropic
murine leukemia virus. Following transfection, pseudotype virus
particles were harvested and used to infect fresh target cells. For
susceptibility testing, the drugs were serially diluted in culture
medium and added to naı̈ve HEK293 cells for overnight incu-
bation. By determination of the cell density, no significant
cytotoxicity was observed either in cells treated with up to 600
�M telbivudine or 100 �M entecavir or in untreated cells.
Drug-treated cells were infected with pseudotype viruses con-
taining the RT and protease regions derived from the clinical
isolates or a control laboratory strain, NL4-3. The ability of the
viruses to replicate was assessed 72 h postinfection by measur-
ing the luciferase activity in the target cells. Testing of the
activities of telbivudine and entecavir against all HIV-1 isolates
and the control laboratory strain was performed in the same
experiment for direct comparison. The data were analyzed by

plotting the percent inhibition (y axis) versus the log10 drug
concentration (x axis) for each virus. Drug susceptibility curves
for a representative HIV-1 wild-type clinical isolate (isolate 1),
the M184V-containing multidrug-resistant strain, and the con-
trol laboratory strain are shown in Fig. 1. The 50% effective
concentrations (EC50s) of telbivudine and entecavir against all
the isolates were derived from the respective susceptibility
curves and are summarized in Table 1. Entecavir exhibited
inhibitory activity against all the wild-type HIV-1 clinical iso-
lates and the NNRTI-resistant strain, with the EC50s ranging
from 7.62 to 15.1 �M. These results are consistent with the
anti-HIV activity of entecavir in vitro reported previously. The
M184V-containing isolate was resistant to entecavir treatment
and had an EC50 of �100 �M, or �8-fold higher than that of
the control laboratory strain, suggesting that the effect of
entecavir was specific and may have been due to the inhibition
of HIV-1 RT. In contrast, telbivudine at up to 600 �M, the
highest concentration tested, showed no inhibitory activity
against any of the HIV-1 isolates. Higher concentrations were
not tested, as cytotoxicity was observed in cells that were
treated with 2,000 �M telbivudine. Telbivudine also had no
effect on the resistant strains.

In conclusion, telbivudine did not exhibit any direct activity
against HIV-1 clinical isolates in vitro. The concentrations of
telbivudine tested in vitro (600 �M) far exceeded the physio-
logically relevant concentrations of the drug in patients: the
maximum concentration of telbivudine in plasma was 13.2 �
4.5 �M when it was used at its therapeutic dose (600 mg). In
the case reported by Low et al. (8), the patient received
adefovir, in addition to telbivudine, and the patient underwent

FIG. 1. Drug susceptibility curves for telbivudine and entecavir against selected HIV-1 isolates. The activities of the compounds were measured
by the PhenoSense HIV drug susceptibility assay. The results for a representative wild-type clinical isolate (isolate 1) and an M184V mutation-
containing multidrug-resistant strain are shown in comparison to those for the control laboratory strain, NL4-3. Each dilution of the compound
was tested singly. Error bars in the susceptibility curves were defined from the standard deviation of the bootstrapped values from the measured
and the curve-fitted data points.
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multiple interruptions to the combination treatment and re-
ceived only a short-term follow-up. It was not clear what effect
the dual therapy may have on the HIV-1 load. There was no
confirmation testing of the susceptibility of the patient isolate
to either adefovir or telbivudine, and no drug resistance-con-
ferring mutation was reported. Thus, the results for this single
case should be interpreted with caution. As Monogram’s Pheno-
Sense HIV drug susceptibility assay is not designed or intended
for use for assessment of synergistic or antagonistic drug in-
teractions, these types of experiments were not performed in
this study. As such, the effect of the combination of telbivudine
and adefovir remains to be determined. More recently, Mi-
lazzo et al. (10) reported on the clinical histories of three
patients with HIV-HBV coinfection who were treated for
HBV infection with telbivudine monotherapy and who were
followed up without the interruption of treatment for 24
weeks. In all three patients, telbivudine produced a rapid and
potent reduction in HBV DNA levels. The baseline HIV-1
load in the patients ranged from 103 to 104 copies/ml, and all
patients had high baseline CD4 counts. In two of the three
patients, the HIV load declined by 2 to 3 log10 copies/ml and
became undetectable (�300 copies/ml) within 1 to 2 weeks of
the start of telbivudine treatment but subsequently rebounded
to the baseline levels within 4 weeks of treatment. One patient
had no change in the HIV-1 load from the baseline level
throughout the duration of treatment. Viral sequencing anal-
ysis showed that all three patients had wild-type HIV-1 (sub-
type B) in their plasma and peripheral blood mononuclear cells
at the baseline and that no drug resistance-conferring muta-
tions were found in either HIV-1 or HBV at up to 24 weeks of
follow-up. It was suggested that the reduction in the HIV-1
load may be caused by lymphocyte activation, cytokine produc-
tion, and liver inflammation, i.e., effects that resulted indirectly
from the blocking of HBV replication by telbivudine. The
observation of an early and transient reduction in the HIV-1
load was interesting and to our knowledge has not been re-
ported previously. Sheldon et al. showed that 10 mg/day
adefovir reduced the HBV load but not the HIV-1 load after 6

months in patients coinfected with HBV and HIV-1; however,
no early viral kinetics data were reported (12). In summary,
there appeared to be a clear difference between the cases associ-
ated with telbivudine and those associated with entecavir or other
anti-HBV drugs, in which the direct inhibition of HIV-1 replica-
tion was detected and specific drug resistance-conferring muta-
tions, such as M184V, were selected in HIV-1 RT.

Given the fact that there are few options for the treatment of
HBV infection in patients coinfected with HIV-1 not receiving
HAART, the confirmation that telbivudine lacks direct activity
against HIV-1 clinical isolates in vitro is of great significance.
Our results support the further clinical investigation of telbi-
vudine as the therapeutic option for HBV infection in patients
coinfected with HIV-1 who do not require treatment for their
HIV-1 infection.
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