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Abstract

Background The clinical management of HIV, particularly in the context of multi-drug resistance (MDR) and co-
infections such as hepatitis B virus (HBVY), is notably complex. Here we present a case study of a patient with multi-
drug resistant HIV who was co-infected with drug-resistant HBV and suffered from renal insufficiency. We employed
an optimized regimen based on the fusion inhibitor Albuvirtide (ABT), combined with highly effective, low nephro-
toxicity antiviral drugs for HBV. This approach ultimately achieved effective suppression of both HIV and HBV.

Case presentation A 58-year-old male, diagnosed with HIV in 1997 and co-infected with HBV, experienced renal
insufficiency. Due to poor adherence, he developed resistance to nucleoside, non-nucleoside reverse transcriptase
inhibitors, and protease inhibitors over nearly two decades, necessitating frequent modifications to his ART regimen.
In 2019, HIV RNA rebounded to 1120 copies/mL, prompting resistance testing that revealed high-level resistance

to Elvitegravir (EVG), intermediate resistance to Raltegravir (RAL), and potential low-level resistance to Bictegravir (BIC)
and dolutegravir (DTG). This led to a strategic overhaul of the ART to ABT + Emtricitabine/Tenofovir Alafenamide (FTC/
TAF)+double-dose DTG, resulting in a significant suppression of the HIV. Concurrently, HBV suppression and renal
function were well-maintained.

Conclusions This case underscores the potential value of individualized treatment strategies for patients with mul-
tidrug-resistant HIV and HBV co-infection complicated by renal impairment. The observed virological control follow-
ing the use of novel agents such as Albuvirtide (ABT), in combination with second-generation integrase strand trans-
fer inhibitors (INSTIs) like DTG, alongside renal-sparing antivirals, highlights the importance of designing optimized
regimens based on resistance profiles and renal function. This personalized and adaptive therapeutic approach may
offer clinical benefits in similarly complex scenarios.
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Introduction

The global landscape of HIV treatment is confronted with
the escalating challenge posed by the prevalence of drug-
resistant HIV strains, threatening the long-term efficacy
of ART and jeopardizing efforts to curb the HIV epi-
demic [1]. Regions across the world are reporting alarm-
ing increases in both acquired and transmitted HIV drug
resistance, underscoring the urgent need for innovative
treatment strategies, including the utilization of long-act-
ing injectable agents and drugs with novel mechanisms of
action, to overcome these resistance barriers. The criti-
cal role of routine viral load monitoring and adherence
support is emphasized, alongside the necessity for timely
regimen adjustments in response to emerging resistance
patterns.

As the global community grapples with these chal-
lenges, the situation is further complicated by the preva-
lence of HBV co-infections among individuals living with
HIV [2-4], particularly in areas like China, where HBV
is endemic. Concurrent infections with HBV have been
shown to adversely affect HIV therapy outcomes. HIV
and HBV can influence each other’s disease progression.
HBYV infection can synergistically increase HIV replica-
tion and transcription, thus accelerating the progression
of AIDS [5]. HIV can influence the development of HBV
infection and increase the risk of chronic liver disease,
cirrhosis, and hepatocellular carcinoma (HCC), affecting
the prognosis and course of the disease [6, 7].

In the early era of antiviral treatment for HIV/HBV
co-infection, there was a lack of potent anti-HBV drugs
such as Tenofovir Disoproxil Fumarate (TDF) or Teno-
fovir Alafenamide (TAF). When regimens contain only
lamivudine (3 TC), HBV-related drug resistance develops
easily. This has a significant impact on HBV viral control.
Current guidelines recommend 3 TC or FTC plus TDF or
TAF as the backbone antiviral components for HIV/HBV
co-infected patients [8, 9].

Against this backdrop of multidrug resistance and the
compounded challenge of HBV coinfection, the intro-
duction of innovative treatments becomes imperative.
Albuvirtide (ABT), a novel long-acting injectable antiret-
roviral therapy approved by the Chinese National Medi-
cal Products Administration (NMPA) in 2018, offers a
promising alternative for individuals grappling with the
complexities of HIV treatment [10]. As a long-acting pep-
tide fusion inhibitor, ABT works by targeting the hydro-
phobic groove in the N-terminal heptad repeat (HR1)
region of HIV-1 gp41 [11, 12]. This binding prevents the
formation of the six-helix bundle structure that is essen-
tial for viral fusion, thereby blocking viral entry into
CD4+T cells [13]. Through this unique mechanism of
action, ABT exhibits broad-spectrum anti-HIV-1 activity
in vitro against both wild-type and various drug-resistant
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HIV-1 strains [14]. Its distinctive molecular target and
mechanism make it particularly valuable for treating
patients with resistance to conventional antiretroviral
drugs.

In this intricate case, the patient was confronted with
a formidable array of challenges: the presence of multi-
drug resistant HIV, HBV resistance, and consequential
renal impairment. This case serves as a testament to the
pivotal role of a nimble, patient-centric approach in the
management of HIV patients facing multi-drug resist-
ance. It also illuminates the complex interdependence
between effective viral suppression and the preservation
of renal health.

Case presentation

A 58-year-old male with a diagnosis of HIV in 1997 and
concurrent HBV co-infection has been under our metic-
ulous care. He started ART in 1999, but over the past 20
years, his condition has fluctuated due to poor adher-
ence, resulting in resistance to multiple antiviral drugs
(including NNRTI, NRTI, and PI). This was confirmed by
genotypic resistance testing using the Stanford HIVDB
program to identify DRMs and infer resistance to antiret-
roviral drugs, with sequences classified as susceptible (<
15, including potential resistance) or resistant (15 < =
low-level resistance <30, 30 < = intermediate-level resist-
ance <60, or high-level resistance >60) based on their
mutation scores [15]. The patient’s ART regimen under-
went frequent changes, particularly during 2007-2011
when he received 6 different regimens comprising a total
of 11 different antiretroviral drugs due to poor adherence.

From 2011 to 2018, his condition stabilized with a con-
sistent regimen of TDF/3 TC/ATV/r/RPV/RAL. In 2018,
despite viral suppression, his regimen was changed to
FTC/TAF/EVG/c +DRV/r due to concerns about long-
term renal function and the availability of more kidney-
friendly options. Subsequent regimen changes occurred
in 2019 and 2023, with each modification guided by
resistance testing results and clinical considerations
including his renal status.

In May 2019, while on a regimen of FTC/TAF/EVG/c
+DRV/r, his clinical course worsened with a rebound
in HIV RNA to 1120 copies/mL and CD4 + T lympho-
cyte count of 156 cells/pL, moderate RAL resistance,
and high EVG resistance, as detailed in Table 1. After
careful and thorough consideration, the antiretrovi-
ral regimen was changed to ABT (320 mg/dose weekly
injection), double-dose DTG (50 mg twice daily), and
FTC/TAF (200 mg/25 mg once daily). The choice of
double-dose DTG was based on the presence of INSTI
resistance mutations. By January 3, 2020, his HIV RNA
levels had decreased to below the detectable limit (<
20 copies/mL), and his CD4 + T lymphocyte count had
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Table 1 Summary of drug resistance
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Test Date Drug Class Resistance Mutations

Resistance Level Changes

Jul 2009 NRTI

NNRTI V106L, Y188L

PI M46l, 147V, L76 V, V82 F, L10I, E35G, Q58E, 185V

Aug 2010 NRTI

NNRTI V106L, Y188L

PI M46l, 147V, L76 V, V82 F, V32I, L10I, E35G, Q58E, 185V, T74ST
M41L, E44D, M184 V, L210W, T215 F, K70 AEKT

May 2019 NRTI

NNRTI Y188L

PI M4é6l, 147V, L76 V, V82 F, V32I, L10 F, K20 T, Q58E

INSTI £92Q

M41L, E44D, M184V, L210W, T215 F

M41L, E44D, M184 V, L210 W, T215 F, K70 AEKT

- 3TC: High-Level Resistance
- ABC: Intermediate Resistance
- AZT: Intermediate Resistance
- D4T: Intermediate Resistance
- DDI: Intermediate Resistance
- FTC: High-Level Resistance
- TDF: Low-Level Resistance

- DLV: Intermediate Resistance
- EFV: High-Level Resistance

- ETR: Low-Level Resistance

- NVP: High-Level Resistance

- ATV: Intermediate Resistance

- DRV: Intermediate Resistance

- FPV: High-Level Resistance

- IDV: High-Level Resistance

- LPV: High-Level Resistance

- NFV: High-Level Resistance

- SQV: Potential Low-Level Resistance
- TPV: Intermediate Resistance

- ABC: High-Level Resistance 1
- AZT: High-Level Resistance 1
- D4 T: High-Level Resistance 1
- DDI: High-Level Resistance
- TDF: Intermediate Resistance 1

- ETR: Potential Low-Level Resistance
No change reported

No change reported

- DOR: High-Level Resistance 1

- ATV: High-Level Resistance 1
- DRV: High-Level Resistance 1
- SQR: Intermediate Resistance *

- BIC: Potential Low-Level Resistance
- DTG: Potential Low-Level resistance
- EVG: High-Level Resistance

- RAL: Intermediate Resistance

Newly developed mutations are highlighted in bold. All resistance interpretations were analyzed using the Stanford HIV Drug Resistance Database algorithm at the
time of genotypic testing. The resistance levels shown reflect the interpretations provided by the algorithm at each testing timepoint. The arrow symbols indicate: *

increase in resistance level, I decrease in resistance level

Abbreviations: 3 TC for Lamivudine, ABC for Abacavir, AZT for Zidovudine, D4 T for Stavudine, DD/ for Didanosine, FTC for Emtricitabine, TDF for Tenofovir Disoproxil
Fumarate, DLV for Delavirdine, EFV for Efavirenz, ETR for Etravirine, NVP for Nevirapine, DOR for Doravirine, ATV for Atazanavir, DRV for Darunavir, FPV for Fosamprenavir,
IDV for Indinavir, LPV for Lopinavir, NFV for Nelfinavir, SQV for Saquinavir, TPV for Tipranavir, BIC for Bictegravir, DTG for Dolutegravir, EVG for Elvitegravir, RAL for
Raltegravir, NRTI for Nucleoside Reverse Transcriptase Inhibitors, NNRTI for Non-nucleoside Reverse Transcriptase Inhibitors, Pl for Protease Inhibitors, and INST/ for

Integrase Strand Transfer Inhibitors

improved to 302 cells/uL. HBV therapy was initiated
with lamivudine (3 TC) in 1999 concurrent with HIV
treatment. After seven years of treatment, HBV devel-
oped YMDD resistance mutations in 2006, leading to a
switch from 3 TC to a TDF-containing regimen. During
the initiation of TDF therapy in early 2007, there was
a transient but significant fluctuation in renal function
parameters, with SCr rising sharply and eGFR declining
correspondingly. This acute change was likely related
to the initial adaptation to TDF treatment, which is
known to potentially affect renal function [16, 17]. The
patient’s renal parameters subsequently stabilized with
continued monitoring and supportive care, though a

gradual decline in renal function was observed over the
following years, eventually necessitating the switch to
TAF in 2019.

On March 1, 2007, HBV DNA was controlled to
less than 1000 IU/mL. However, there was a notable
increase in HBV DNA levels in late 2015, which was
successfully managed through continued adherence
to the TDF-containing regimen. Due to deteriorating
renal function (eGFR decreased to 56 mL/min/1.73 m2
and serum creatinine increased to 132 pmol/L in 2019),
the HBV treatment was once again adjusted, settling on
a TAF/FTC regimen, which by January 3, 2020, effec-
tively suppressed HBV DNA to below 100 IU/mL.
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Throughout his treatment, as depicted in Fig. 1, plasma
HIV RNA levels were closely monitored, with significant
improvements observed following the introduction of
Albuvirtide and the subsequent maintenance of an opti-
mized regimen. Figure 2 details the patient’s CD4*T and
CDS8™T cell counts, demonstrating immunological recov-
ery, while Fig. 3 shows HBV DNA levels, reflecting the
effective management of both HIV and HBV infections in
light of his complex drug resistance profile. Additionally,
Fig. 4 showcases the changes in renal function over time
and the impact of therapeutic choices aimed at minimiz-
ing further nephrotoxicity.

With sustained HIV and HBV viral suppression main-
tained for more than three years on the ABT + FTC/TAF
+ DTG regimen, and considering the patient’s improved
adherence and stability, the treatment team decided to
simplify the regimen by switching from double-dose
DTG to Biktarvy (BIC/FTC/TAF) in combination with
ABT in 2023. This decision was supported by the absence
of virological failure during the previous three years and
the low resistance potential to BIC shown in earlier resist-
ance testing (Table 1). The patient has remained stable on
the current regimen, demonstrating the effectiveness of
our individualized and multidisciplinary approach.
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Discussion

The management of multi-drug resistant (MDR) HIV,
compounded by HBV co-infection and renal impairment,
presents a formidable challenge in clinical practice. This
case underscores the critical importance of a compre-
hensive, multidisciplinary approach, guided by a thor-
ough understanding of resistance patterns and informed
by current treatment guidelines. The World Health
Organization and the Department of Health and Human
Services recommend initial resistance testing and the
strategic use of integrase strand transfer inhibitors
(INSTIs) or ritonavir-boosted protease inhibitors (PIs)
in settings with prevalent non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs) resistance [18, 19]. Tailor-
ing antiretroviral therapy based on individual resistance
profiles, ensuring the inclusion of at least two fully active
agents, is paramount for achieving and maintaining viral
suppression [20].

In this case, the patient’s 20-year treatment history,
characterized by suboptimal adherence and sequen-
tial virologic failures, highlights the profound impact
of prolonged antiretroviral therapy exposure on the
development of MDR [21]. The emergence of resistance
mutations across multiple drug classes, including the
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Fig. 1 Temporal Evolution of HIV RNA Levels and Antiretroviral Treatment History This figure illustrates the patient’s HIV RNA levels (copies/mL)
over time (2007-2023) on a logarithmic scale. Resistance test results during virologic failure (VF) and viral rebound events are indicated in yellow
boxes, showing key mutations in NRTI, NNRTI, PI, and INSTI classes. Sequential antiretroviral regimens are shown at the bottom, with significant
changes marked by transition points. The initial diagnosis data (Feb 2007) is highlighted in blue, showing baseline HIV RNA and CD4* T cell counts
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Fig. 2 Dynamics of CD4* T and CD8* T Cell Populations. The graph depicts changes in CD4* T cell (solid blue line with circles) and CD8* T cell
(dashed pink line with triangles) counts (cells/uL) from 2007 to 2023. The vertical dashed line marks the initiation of ABT in March 2019. The bottom
panel shows the chronological progression of antiretroviral regimens, demonstrating the evolution of treatment strategies over time

INSTI E92Q mutation, further complicated the thera-
peutic landscape. The presence of the E92Q mutation
in this case presented an interesting clinical interpre-
tation challenge. While this mutation primarily affects
elvitegravir susceptibility, its impact on bictegravir
(BIC) and dolutegravir (DTG) remains less definitive.
According to the Stanford HIV Drug Resistance Data-
base, E92Q confers potential low-level resistance to BIC
and DTG, although direct phenotypic evidence for this
effect is limited. This discrepancy between algorithmic
interpretation and clinical significance influenced our
decision to use double-dose DTG initially, following
a conservative approach to managing potential resist-
ance. The successful viral suppression achieved with
this strategy, and subsequent maintenance with BIC-
containing regimen, suggests that the clinical impact
of E92Q on second-generation INSTI may be limited
when these drugs are used appropriately in optimized
regimens. This underscores the critical role of routine
viral load monitoring, adherence support, and timely

adjustment of treatment regimens based on the evolu-
tion of resistance [22].

The strategic introduction of ABT, a long-acting fusion
inhibitor, in combination with an optimized background
regimen comprising TAF/FTC and DTG, proved pivotal
in navigating this complex resistance scenario. ABT’s
unique mechanism of action, targeting the HIV-1 gp41
glycoprotein, coupled with its high genetic barrier to
resistance and lack of cross-resistance to other antiretro-
viral therapy classes [23], make it a valuable tool in the
management of MDR HIV. The sustained viral suppres-
sion achieved for two years following the initiation of
the ABT-based regimen, despite the patient’s history of
extensive resistance and suboptimal adherence, under-
scores the therapeutic promise of this approach [24].

The concurrent presence of HBV infection and renal
impairment added layers of complexity to the therapeu-
tic approach. The incorporation of TDF or TAF as part
of the antiretroviral therapy regimen has demonstrated
efficacy in controlling both HIV and HBV infections,
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Fig. 3 Longitudinal Monitoring of HBV DNA Levels. Changes in HBV DNA levels (IU/ml) are tracked from 2007 to 2023. The vertical dashed line
indicates the initiation of ABT therapy in March 2019. The figure demonstrates periods of viral suppression and a notable peak in viral load, followed

by successful suppression after treatment adjustments

with necessary adjustments based on renal function
[25]. In this case, the patient presented with early YMDD
mutation, leading to HBV drug resistance. TDF and
TAF, as potent anti-HBV drugs, have not reported any
HBV-related drug resistance to date [26]. Therefore,
when the patient developed HBV resistance after 3TC
treatment, switching to TDE, then to TAF due to con-
comitant renal impairment, maintaining high anti-HBV
activity while addressing renal dysfunction was crucial
to ensure sustained HBV suppression. Notably, ABT, as
a peptide fusion inhibitor that acts extracellularly, does
not undergo renal metabolism or excretion, and no sig-
nificant impact on renal function was observed in this
patient during the treatment period, making it a particu-
larly suitable choice for patients with renal impairment.
This case demonstrates that in the face of multiple chal-
lenges such as HIV multi-drug resistance, HBV resist-
ance, and renal impairment, the use of ABT for treating
HIV infection, concomitant anti-HBV treatment, and
renal function protection is key to successful outcomes.
Furthermore, enhancing patient education and man-
agement to improve treatment adherence is an integral

part of the treatment process. ABT is administered as
a once-weekly intravenous injection, with fewer injec-
tion site reactions and good tolerability [27]. In this case,
poor adherence in the early stages was primarily due to
the high pill burden. The combination of the single-tab-
let regimen Biktarvy (BIC/FTC/TAF) with ABT signifi-
cantly reduced the pill burden, improving adherence and
playing a key role in achieving virological suppression.
This case provides valuable experience and reference
for the treatment of similar complex cases. ABT, as an
extracellular fusion inhibitor for treating HIV infection,
holds a broad application prospect. Nonetheless, further
research into its efficacy, safety, and cost-effectiveness is
essential to better serve a wider patient population.

Conclusion

This case demonstrates the potential utility of incorpo-
rating long-acting injectable antiretroviral agents such as
ABT into individualized treatment strategies for multid-
rug-resistant HIV, particularly in patients with additional
clinical challenges such as HBV resistance and renal
insufficiency. In this case, the regimen combining ABT
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with TAF/FTC and DTG, guided by resistance testing  AZT Zidovudine
and the patient’s overall condition, achieved durable viral EET gg/eugdrfnvelr
suppression and immune recovery without significant pp Didanosine
adverse effects. These findings highlight the importance DL Delavirdine

of personalized therapy, close monitoring, and timely B(R)\T/R gg:j:}';'vnire/ritonaw

regimen optimization in the management of complex prg Dolutegravir
HIV cases. EFV Efavirenz
ETR Etravirine
Abbreviations ETV Entecavir
ART Antiretroviral treatment EVG Elvitegravir
VF Virological failure FPV/r Fosamprenavir/ ritonavir
PR Protease FTC Emtricitabine
NRTIs Nucleoside reverse transcriptase inhibitors IDV/r Indinavir/ritonavir
RTV Ritonavir INSTIs Integrase strand transfer inhibitors
3TC Lamivudine LPV/r Lopinavir/ritonavir
ABC Abacavir NFV Nelfinavir
ABT Albuvirtide NNRTIs  Non-nucleoside reverse transcriptase inhibitors
ATV/r Atazanavir/ritonavir NRTIs Nucleoside reverse transcriptase inhibitors

NVP Nevirapine
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Pls Protease inhibitors

RAL Raltegravir

SQR/r Saquinavir/ritonavir

TAF Tenofovir alafenamide

TDF Tenofovir disoproxil fumarate

TPV/r Tipranavir/ritonavir
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