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Objective: To summarize antiretroviral therapy (ART) use in the setting of end-stage
kidney disease (ESKD).

Design: Cross-sectional analysis.

Methods: Descriptive analysis of ART regimens and dose of nucleoside/nucleotide
reverse-transcriptase inhibitors (NRTI) in people with HIV and ESKD [dialysis, kidney
transplantation, or estimated glomerular filtration rate (eGFR) <15ml/min/1.73m2]
receiving HIV and renal care at five London centres. Exposures of interest were use of
dual/unboosted ART regimens and higher than recommended doses of renally cleared
NRTI.

Results: A total of 157 participants were included (median age 55 years, 66% men,
84% black ethnicity, median CD4þ cell count 382 cells/ml, 99% HIV RNA <200 cop-
ies/ml). Fifty-eight (37%) were on dual/unboosted ART regimens, mainly dolutegravir/
lamivudine. Participants on dual/unboosted ART had similar rates of HIV suppression as
those on triple ART. Two participants currently virologically controlled on triple-ART
had previously failed to suppress on dual/unboosted ART [dolutegravir/rilpivirine and
dolutegravir/lamivudine (50mg)]. Lamivudine doses were higher than recommended in
75 (77%) and lower than recommended in 8 (8%) participants. Full-dose lamivudine
(300mg daily) was used by 24 (32%) participants with eGFR less than 30ml/min/
1.73m2. None of those currently on reduced-dose lamivudine had required dose
reductions for previous toxicity concerns.

Conclusion: Dual/unboosted ART regimens, such as dolutegravir/lamivudine, provide
robust viral efficacy in the setting of ESKD, and higher than recommended, including
full-dose, lamivudine was well tolerated. The dolutegravir/lamivudine (300mg) fixed-
dose combination provides a single-tablet regimen for use across the eGFR spectrum,
avoids under-exposure to lamivudine, and merits further evaluation in this population.
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Introduction
In 2023, an estimated 39 million people were living with
HIV worldwide, mostly in Africa [1]. People of African
ancestry worldwide are more likely to develop end-stage
kidney disease (ESKD) from HIV-associated nephropathy
(HIVAN) [2], with those of West-African ancestry
including African Americans and Black Caribbeans
disproportionally affected [3,4]. In most parts of Africa
where access to kidney replacement services is nonexistent
or highly selective, ESKD generally constitutes a terminal
illness [5]. By contrast, in countries such as the United
Kingdom, where access to renal replacement therapy and
transplants are available free of charge, 1–2% of people of
African ancestry with HIV are being dialysed or have
received a kidney transplant, with favourable long-term
outcomes [6]. Hence, substantial numbers of people with
HIV and ESKD require antiretroviral therapy (ART).

Although ART continues to evolve for people with HIV
with preserved kidney function, few studies of ART have
been performed in individuals with ESKD, including
recipients of kidney transplants. While European guidelines
recommend avoiding drugs with nephrotoxic potential,
such atazanavir, lopinavir, and tenofovir disoproxil fumarate
(TDF), in individuals with impaired renal function, they do
not provide recommendations for specific ART [7,8].
Integrase strand-transfer inhibitors (INSTI), which have
high potency and few drug–drug interactions, have
emerged as attractive agents for people with ESKD. Small,
single-arm studies have generated some data in support of
elvitegravir/cobicistat/tenofovir alafenamide (TAF)/emtri-
citabine (FTC), bictegravir/TAF/FTC, and dolutegravir/
abacavir (ABC)/lamivudine (3TC) for individuals on
haemodialysis [9–11]. Currently, there are no data to
support the use of two-drug regimens, such as dolutegravir/
3TC, in dialysis or kidney transplant populations.

Pharmacokinetic data suggest renally cleared nucleoside
reverse-transcriptase inhibitors (NRTI), such as TDF, TAF,
FTC, and 3TC, require dose reduction to avoid over-
exposure in people with ESKD [12,13]. Clinical experi-
ence with full-dose FTC in people on dialysis, however,
suggests increased FTC exposures are associated with little
if any toxicity [9]. More recently, several studies have also
suggested that 3TC can be used at full dose in individuals
with estimated glomerular filtration rate (eGFR) greater
than 30ml/min/1.73m2 [14,15], and perhaps below this
threshold [11]. In this study, we summarize ART
experience including doses of renally cleared NRTI in a
large cohort of people with HIV and ESKD.
Methods

An ARTutilization service evaluation was conducted in
people with ESKD [eGFR <15ml/min/1.73m2 for
>3months or permanent renal replacement therapy
(RRT; dialysis or kidney transplant)] who received HIV/
renal care at five London centres between January and
March 2024. We excluded individuals who were not
engaged in HIV care or poorly adherent to RRT. As per
local regulations, ethical approval and informed consent
were not required.

We collected demographic and clinical information
including kidney disease diagnosis, date of initiation
and current mode of RRT. We recorded HIV parameters
including current and nadir CD4þ cell count, HIV viral
load, current ART regimen and dose of 3TC/FTC with
start dates, hepatitis B/C co-infection status, presence of
common comorbidities (hypertension, diabetes mellitus
and cardiovascular disease: congestive cardiac failure,
ischemic heart disease, stroke), current eGFR if not on
dialysis. Use of transplant immunosuppressants, phos-
phate binders, proton pump inhibitors (PPI), or histamine
type-2 receptor (H2) antagonists to evaluate for possible
interactions with ARTwas also noted.

We stratified ART regimens into three a priori defined
groups: triple/unboosted ART regimens containing three
(unboosted) ART agents; dual/unboosted ART regimens
containingdolutegravirwitheither anNRTIor nonnucleo-
side reverse transcriptase inhibitor (NNRTI); and boosted
ARTregimes containing a protease inhibitor or INSTIwith
ritonavir or cobicistat. For each participant on full-dose
3TC/FTC, we calculated follow-up on dual/unboosted
ARTregimens and full-dose 3TC/FTC following the onset
of ESKD.We reviewed serial records to establish if those on a
three-drug ART regimen had previously used and
discontinued a dual/unboosted ARTregimen, andwhether
those on reduced doses of 3TC/FTC had previously used
full-dose 3TC/FTC in the setting of ESKD, and the reasons
for abandoning these strategies.
Results

After excluding nine individuals for poor engagement
with HIV care and/or RRT, there were 157 participants
with ESKD; their median age was 55 [interquartile range
(IQR) 49–60] years; 66% were men, and 84% of black
ethnicity (Table 1). Most had longstanding HIV and
prolonged exposure to ART [16 (10–20) years], with a
current CD4þ cell count of 382 (268–502) cells/ml and
HIV-1 RNA less than 200 copies/ml. Ten participants
(6%) had hepatitis B co-infection, and four (3%) past
infection with hepatitis C. Most had longstanding kidney
failure [median 6 (3–11) years], which was due to
HIVAN in 62% (including focal and segmental glomer-
ulosclerosis and arterionephrosclerosis). Eighty-three
participants (53%) underwent dialysis (including 11 with
a failed kidney transplant), 56 (36%) had functioning
kidney allografts, and 18 had low eGFR but had not yet
initiated RRT; the median eGFR in those with
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Table 1. Clinical characteristics of participants with end-stage kidney disease.

All Predialysis Dialysisa Transplant
(N¼157) (N¼18) (N¼83) (N¼56)

Demographic parameters
Age 55 (49–60) 59 (50–63) 56 (48–60) 55 (50–59)
Gender (male) 104 (66) 16 (89) 59 (71) 29 (52)
Ethnicity

Black (African/Caribbean/British) 132 (84) 16 (89) 65 (78) 51 (91)
White/other 26 (16) 2 (11) 19 (22) 5 (9)

Renal parameters
Time since initiating RRT (years) 6 (3–11) – 5 (2–10) 8 (4–12)
Current eGFR 31 (16–42) 11 (9–16) – 36 (27–50)
Selected medications

Transplant immunosuppression 67 (43) – 11 (13) 56 (100)
Phosphate binders 37 (24) 1 (6) 34 (43) 2 (4)
PPI or H2 antagonists 85 (54) 6 (33) 39 (48) 40 (71)

Hypertension 125 (80) 17 (94) 62 (75) 46 (82)
Diabetes mellitus 49 (31) 7 (39) 24 (29) 18 (32)
Cardiovascular disease 35 (22) 2 (11) 22 (27) 11 (20)

HIV parameters
Time since HIV diagnosis (years) 18 (12–22) 17 (13–21) 19 (12–22) 19 (12–25)
Time since starting ART (years) 16 (10–20) 16 (6–21) 17 (11–20) 17 (13–21)
Most recent CD4þ cell count 382 (268–502) 488 (230–566) 359 (268–470) 391 (281–518)
HIV RNA <200 copies/ml 156 (99) 18 (100) 82 (99) 56 (100)
Hepatitis B surface antigen (positive) 10 (6) 0 (0) 5 (6) 5 (9)
Hepatitis C antibody (positive) 4 (3) 0 (0) 2 (2) 2 (4)
Current ART regimen

Dual/unboosted ART regimenb 58 (37) 8 (44) 33 (40) 17 (30)
Time on current ART regimensc (years) 2 (1–4) 2 (1–3) 2 (1–4) 3 (1–4)
Unboosted (3/4 drug) ART regimens 81 (52) 8 (44) 39 (47) 34 (61)
Time on current ART regimenc (years) 3 (1–6) 1 (1–3) 2 (1–5) 3 (1–6)
Boosted ART regimensd 18 (11) 2 (12) 11 (13) 5 (9)
Time on current ART regimenc (years) 5 (3–8) 5 (3–6) 4 (2–8) 5 (5–7)

Data are expressed as median (IQR) or N (%). RRT, renal replacement therapy; eGFR, estimated glomerular filtration rate (CKD-EPI 2021); PPI,
proton-pump inhibitor; H2, histamine type-2 receptor; ART, antiretroviral therapy.
aMode of dialysis – haemodialysis: N ¼ 80, peritoneal dialysis: N ¼ 3; includes N ¼ 11 with failed kidney transplants.
bDolutegravir plus lamivudine, abacavir, or rilpivirine.
cSince ESKD onset.
dRegimens containing ritonavir or cobicistat.
functioning allografts was 36 (27–50) ml/min/1.73m2.
Hypertension, diabetes mellitus, and cardiovascular
disease were common comorbidities (present in 80, 31,
and 22%, respectively), and PPI and/or H2-antagonists
(54%) and phosphate binders (24%) commonly
prescribed medications.

Antiretroviral therapy regimens in the setting of
end-stage kidney disease
All participants were on ART; 58 (37%) were on dual/
unboosted ART regimens, mainly dolutegravir/3TC
(N¼ 50), the commonest regime overall, or dolutegra-
vir/rilpivirine (N¼ 6). The median time on dual/
unboosted ART regimens in the setting of ESKD was
2 (1–4) years, for a total of 134 person-years. A further 81
(52%) were on triple/unboosted ART,mainly ABC/3TC
(N¼ 39) or TAF/FTC (N¼ 34) containing regimens,
including 21 (14%) on TAF/FTC/bictegravir. The
remaining 18 (11%) participants were on boosted ART
regimens, mostly because of extensive resistance and/or
intolerance to INSTI, and four were on intermittently
administered TDF-containing regimens. The propor-
tions of participants on dual/unboosted ARTwith HIV-1
RNA less than 200, less than 50 and less than 20 (100, 97,
and 94%) were similar to those on triple/unboosted or
boosted regimens (99, 94, and 90%). Four participants
were no longer on dual/unboosted ART; two of these
had developed virological failure with resistance, one on
dolutegravir/rilpivirine (with concern regarding adher-
ence and concurrent ranitidine use) and one on
dolutegravir plus reduced-dose (50mg) 3TC following
a period of travel (Supplemental information, http://
links.lww.com/QAD/D441).

Dosing of lamivudine/emtricitabine and
tenofovir alafenamide in the setting of end-stage
kidney disease
There were 98 and 40 participants, respectively, on
regimens containing 3TC and FTC. Table 2 shows the
daily dose of renally cleared NRTI; only 15 participants
(15%) received the recommended dose of 3TC for the
degree of renal impairment; 75 (77%) received higher
than recommended doses, with 300mg daily (full-dose)
used by 24 participants with eGFR less than 30ml/min/
1.73m2, for a total of 56 person-years. No toxicity
attributable to higher than recommended doses of 3TC
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Table 2. Dosing of renally cleared nucleoside/nucleotide reverse transcriptase inhibitors in participants with end-stage kidney disease including
kidney transplant recipients.

Transplant or predialysis Dialysis

eGFR 60þ 45–59 30–44 15–29 <15 –

Daily dose 3TC 25mg 0 0 0 0 0 0
3TC 50mg 0 0 2 1 1 19
3TC 100mg 0 0 3 3 7 14
3TC 150mg 2 0 4 1 1 4
3TC 300mg 4 3 5 7 3 14
FTC 200mg 3 4 3 2 4 21
FTC 200mg BW 0 0 1 1 0 1
TAF 25mg (unboosted) 3 3 2 2 4 19
TAF 10mg (boosted) 0 0 1 0 0 2
TAF 10mg (unboosted) 0 1 0 0 0 0
TDF 245mg BW 0 0 1 1 0 1
TDF 245mg QW 0 0 0 0 0 1

Recommended dose of 3TC is highlighted in grey. 3TC, lamivudine; BW, twice weekly; eGFR, estimated glomerular filtration rate (CKD-EPI 2021);
FTC, emtricitabine; QW, once weekly; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil.
was observed (Supplemental information, http://links.
lww.com/QAD/D441). Of note, eight participants (8%)
received lower than recommended doses of 3TC, all in
the setting of a functioning kidney transplant. In those on
FTC-containing regimens, all but one participant
received full-dose FTC. TAF was used across the eGFR
spectrum, including in six participants with eGFR less
than 30ml/min/1.73m2 whowere not receiving dialysis.
Discussion

This study provides data on ART for a large cohort of
people with HIV and ESKD for whom there is limited
guidance regarding choice of ART. Lack of data and
limited choice led to nonstandard ART regimens and
considerable variation in practice. As 80% of participants
had undergone or been recommended for kidney
transplantation, ART regimens in this population should
be optimized for the posttransplant setting, ideally
avoiding boosted regimens that interact with transplant
immunosuppression, rilpivirine (the absorption of which
may be adversely affected by acid-suppression therapies),
and TDF for its potential to cause renal toxicity.

Our data provide support for the use of INSTI-
containing dual/unboosted ART (dolutegravir/3TC)
and three-drug, unboosted ART regimens (TAF/FTC/
bictegravir) in the setting of ESKD. As shown in people
with HIV with preserved kidney function [16,17], viral
suppression at viral load cut-offs of less than 200 copies/
ml, less than 50 copies/ml, and less than 20 copies/ml
with dual/unboosted ART regimens in our participants
was similar to triple ART regimens. The two individuals
who experienced virological failure raise, as in individuals
with normal kidney function, concern about the
robustness of dual/unboosted ART in individuals with
suboptimal adherence and where dolutegravir/rilpivirine
is coadministered with acid suppression therapy [18].
Additionally, marked 3TC dose reductions in the
setting of kidney failure result in regimen complexity,
which may affect adherence and suboptimal 3TC
exposures when not regularly adjusted following success-
ful kidney transplantation.

Our experience also suggests that higher than recom-
mended doses of 3TC are generally well tolerated,
provide opportunities for use of fixed-dose ART
combinations and mitigate the risk of sub-therapeutic
3TC exposures posttransplantation. Our evaluation
extends earlier studies, which were predominantly
conducted in individuals with eGFR 30–50ml/min/
1.73m2 [11,14,15] to those with more severe CKD in
whom standard 3TC doses will result in even greater
exposures. Such exposures appear well tolerated; full-dose
of 3TC was reduced in only one participant for possible
toxicity when they developed pancytopaenia, but this
was ultimately considered unrelated to the increased
3TC exposure.

The safety of TAF in those with eGFR less than 30ml/
min/1.73m2, including kidney transplant recipients
remains uncertain because of relatively high, free
tenofovir exposures (5.7-fold increase in those with
eGFR 15–29 vs. �90ml/min/1.73m2) that may impact
residual kidney or graft function in those not requiring
dialysis [19]. Hence, some clinicians continue to avoid
TAF in this setting unless hepatitis B co-infection, prior
HIV resistance or those in need of a fixed-dose
combination to support adherence outweigh these
concerns. This study did not set out to examine the
relative safety of TAF in the setting of ESKD, but further
studies may provide wider support for such regimens.

Finally, our study highlights how Black people with HIV,
especially those of west-African ancestry, are dispropor-
tionally affected by kidney failure [3,4,20]. In these
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populations, genetic predisposition to kidney disease and
HIVAN is mediated through variants of the APOL1 gene
[21], whereas sickle cell trait confers risk to milder forms
of CKD [22].

Ours is the largest study on ARTregimens in people with
HIV and ESKD to date. We acknowledge several
limitations, including the cross-sectional design, which
may have reduced our ability to identify adverse outcomes
with dual/unboosted ART regimens or high 3TC
exposures; this was mitigated by retrospective review of
ARTregimens from the onset of stage 5 CKD to identify
discontinuations of high-dose 3TC for clinical concerns.
We did not include people who were poorly engaged in
HIVor renal care or nonadherent to ART in whom dual/
unboosted ART regimens are generally contraindicated,
and our data may be affected by survivor bias. We did not
collect data to examine for possible detrimental effects of
TAF and TDF on kidney function in those not receiving
dialysis. Finally, the average time on dual ART and full-
dose 3TC was relatively short; hence, the possibility of
toxicities associated with long-term over-exposure to
3TC cannot be ruled out.

In conclusion, dolutegravir/lamivudine and TAF/FTC/
bictegravir provide robust viral efficacy to people with
stage 5 CKD. Higher than recommended, including full-
dose 3TC/FTCwas well tolerated. The dual agent option
of dolutegravir/lamivudine (300mg) fixed-dose combi-
nation provides a single-tablet regimen for use across the
eGFR spectrum, avoids under-exposure to lamivudine
and over-exposure to tenofovir, and merits further
evaluation in this population.
Acknowledgements

The study findings have been submitted as an abstract for
presentation at the British HIV Association Spring
Conference (BHIVA, Brighton, 23–25 April 2025).

Author contributions: the study was designed by F.A.P.,
M.S., C.P., L.H., J.P., S.S., R.J., J.L., M.M., J.B. and F.A.P.
provided clinical care to the participants and assisted with
data collection. All authors interpreted the findings. M.S.
and F.A.P. wrote the first draft of the manuscript. All
authors revised and approved the final version of
the manuscript.

Conflicts of interest
J.L. reports personal fees from Gilead Sciences and ViiV
Healthcare. M.M. reports conference sponsorship from
ViiV Healthcare. S.S. reports consultancy fees from
Astellas, Biotest, Takeda and GlaxoSmithKline. F.A.P.
reports personal fees from Gilead Sciences, ViiV
Healthcare/GlaxoSmithKline and MSD, and grants from
Gilead Sciences, ViiV Healthcare/GlaxoSmithKline and
MSD. All others declare no competing interests.
References

1. UNAIDS. Available at: https://www.unaids.org/sites/default/
files/media_asset/data-book-2023_en.pdf. [Accessed 01 07
2024].

2. Booth JW,Hamzah L, Jose S, Horsfield C, O’Donnell P, McAdoo
S, et al. Clinical characteristics and outcomes of HIV-asso-
ciated immune complex kidney disease. Nephrol Dial Trans-
plant 2016; 31:2099–2107.

3. Jose S, Hamzah L, Jones R,WilliamsD,WinstonA, Burns F, et al.
Chronic kidney disease risk in African and Caribbean popula-
tions with HIV. J Infect Dis 2018; 218:1767–1772.

4. Hung RKY, Santana-Suarez B, Binns-Roemer E, Campbell L,
Bramham K, Hamzah L, et al. The epidemiology of kidney
disease in people of African ancestry with HIV in the UK.
EClinicalMedicine 2021; 38:101006.

5. Wearne N, Manning K, Price B, Rayner BL, Davidson B, Jones
ES, et al. The evolving spectrum of kidney histology in HIV-
positive patients in South Africa. Kidney Int Rep 2023; 8:1087–
1096.

6. Gathogo E, Jose S, Jones R, Levy JB, Mackie NE, Booth J, et al.
End-stage kidney disease and kidney transplantation in HIV-
positive patients: an observational cohort study. J Acquir Im-
mune Defic Syndr 2014; 67:177–180.

7. Waters L,Winston A, Reeves I, BoffitoM, Churchill D, Cromarty
B, et al. BHIVA guidelines on antiretroviral treatment for adults
living with HIV-1 2022. HIV Med 2022; 23 (Suppl 5):3–115.

8. European AIDS Clinical Society Guidelines 2023. Available at:
https://www.eacsociety.org/media/guidelines-12.0.pdf. [Ac-
cessed 24 October 2024]

9. Eron JJ Jr, Lelievre JD, Kalayjian R, Slim J, Wurapa AK, Stephens
JL, et al. Safety of elvitegravir, cobicistat, emtricitabine, and
tenofovir alafenamide in HIV-1-infected adults with end-stage
renal disease on chronic haemodialysis: an open-label, single-
arm, multicentre, phase 3b trial. Lancet HIV 2018; 6:e15–e24.

10. Eron JJ, Wilkin A, Ramgopal M, Osiyemi O, McKellar M,
McKellar M, et al. A daily single tablet regimen (STR) of
bictegravir/emtricitabine/tenofovir alafenamide (B/F/TAF) in
virologically-suppressed adults living with HIV and end stage
renal disease on chronic hemodialysis. Open Forum Infect Dis
2020; 7 (Suppl 1):S529–S530.

11. Michienzi SM, Schriever CA, Badowski ME. Abacavir/lamivu-
dine/dolutegravir single tablet regimen in patients with human
immunodeficiency virus and end-stage renal disease on hemo-
dialysis. Int J STD AIDS 2019; 30:181–187.

12. Yombi JC, Jones R, Pozniak A, Hougardy JM, Post FA. Monitor-
ing of kidney function in HIV-positive patients.HIV Med 2015;
16:457–467.

13. Hamzah L, Jones R, Post FA. Optimizing antiretroviral regi-
mens in chronic kidney disease. Curr Opin Infect Dis 2019;
32:1–7.

14. Fischetti B, Shah K, Taft DR, Berkowitz L, Bakshi A, Cha A. Real-
world experience with higher-than-recommended doses of
lamivudine in patients with varying degrees of renal impair-
ment. Open Forum Infect Dis 2018; 5:ofy225.

15. Mounzer K, Brunet L, Wyatt CM, Fusco JS, Vannappagari V,
Tenorio AR, et al. To dose-adjust or not to dose-adjust: lami-
vudine dose in kidney impairment. AIDS 2021; 35:1201–1208.

16. Cahn P, Madero JS, Arribas JR, Antinori A, Ortiz R, Clarke AE,
et al. Dolutegravir plus lamivudine versus dolutegravir plus
tenofovir disoproxil fumarate and emtricitabine in antiretro-
viral-naive adults with HIV-1 infection (GEMINI-1 and GEMI-
NI-2): week 48 results from two multicentre, double-blind,
randomised, noninferiority, phase 3 trials. Lancet 2019;
393:143–155.

17. Llibre JM, Brites C, Cheng CY, Osiyemi O, Galera C, Hocque-
loux L, et al. Efficacy and safety of switching to the 2-drug
regimen dolutegravir/lamivudine versus continuing a 3- or 4-
drug regimen for maintaining virologic suppression in adults
living with human immunodeficiency virus 1 (HIV-1): week 48

https://www.unaids.org/sites/default/files/media_asset/data-book-2023_en.pdf
https://www.unaids.org/sites/default/files/media_asset/data-book-2023_en.pdf
https://www.eacsociety.org/media/guidelines-12.0.pdf


868 AIDS 2025, Vol 39 No 7
results from the phase 3, noninferiority SALSA randomized
trial. Clin Infect Dis 2023; 76:720–729.

18. Maggiolo F, Valenti D, Teocchi R, Comi L, Filippo ED, Rizzi M.
Adherence to and forgiveness of 3TC/DTG in a real-world
cohort. J Int Assoc Provid AIDS Care 2022; 21:
23259582221101815.

19. Custodio JM, FordyceM, GarnerW, Vimal M, Ling KH, Kearney
BP, et al. Pharmacokinetics and safety of tenofovir alafenamide
in HIV-uninfected subjects with severe renal impairment.
Antimicrob Agents Chemother 2016; 60:5135–5140.
20. Bansi L, Hughes A, Bhagani S, Mackie NE, Leen C, Levy J, et al.
Clinical epidemiology of HIV-associated end-stage renal fail-
ure in the UK. AIDS 2009; 23:2517–2521.

21. Hung RKY, Binns-Roemer E, Booth JW, Hilton R, Harber M,
Santana-Suarez B, et al. Genetic variants of APOL1 are major
determinants of kidney failure in people of African ancestry
with HIV. Kidney Int Rep 2022; 7:786–796.

22. Hung RKY, Binns-Roemer E, Booth JW, Hilton R, Fox J, Burns F,
et al. Sickle cell trait and kidney disease in people of African
ancestry with HIV. Kidney Int Rep 2022; 7:465–473.


	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA

	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA



