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Abstract

Background: HIV-associated nephropathy (HIVAN) is a renal
parenchymal disease that occurs exclusively in people living
with HIV. It is a serious kidney condition that may possibly
lead to end-stage kidney disease, particularly in the HIV-1
seropositive patients. Summary: The African-American pop-
ulation has increased susceptibility to this comorbidity due
to a strong association found in the APOL1 gene, specifically
two missense mutations in the G1 allele and a frameshift de-
letion in the G2 allele, although a “second-hit” event is pos-
tulated to have a role in the development of HIVAN. HIVAN
presents with proteinuria, particularly in the nephrotic
range, as with other kidney diseases. The diagnosis requires
biopsy and typically presents with collapsing subtype focal
segmental glomerulosclerosis and microcyst formation in

the tubulointerstitial region. Gaps still exist in the definitive
treatment of HIVAN - concurrent use of antiretroviral thera-
py and adjunctive management with like renal-angiotensin-
aldosterone system inhibitors, steroids, or renal replace-
ment therapy showed benefits. Key Message: This study re-
views the current understanding of HIVAN including its
epidemiology, mechanism of disease, related genetic fac-
tors, clinical profile, and pathophysiologic effects of man-

agement options for patients. ©2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

HIV-associated nephropathy (HIVAN) is the first kid-
ney disease classically associated with HIV infection dis-
covered in 1984 during the early AIDS epidemic where a
subset of patients developed severe nephrotic syndrome,
irreversible renal failure, and rapid progression to end-
stage kidney disease (ESKD) [1]. HIVAN, characterized
as a rapidly progressive form of collapsing focal segmen-
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tal glomerulosclerosis (FSGS), has dramatically declined
in incidence and mortality [2] since the advent of wide-
spread combination antiretroviral therapy (cART) [3, 4],
from 80% in biopsies obtained from 1995 to 1997 to 20%
in those obtained from 2000 to 2004 [1]. Despite HIVAN
still being the most common disease in patients not re-
ceiving cART, other causes of chronic kidney disease
(CKD) have emerged in those receiving cART, with im-
mune complex glomerulonephritis (17%) and diabetic
nephropathy (16%) both outnumbering HIVAN (14%),
followed by tenofovir nephrotoxicity (13%), FSGS (12%),
and global sclerosis (9%) [3].

Most histopathologic studies revealed collapsing
FSGS, interstitial nephritis, visceral epithelial cell prolif-
eration, and microcystic dilatation of the tubules [5, 6]. It
is caused by the direct cytopathic effect of the HIV-1 virus
actively replicating inside the renal cells [7, 8]. The clini-
cal hallmarks of HIVAN are moderate-to-heavy protein-
uria and enlarged, echogenic kidneys on ultrasound (7,
8]. The diagnosis of HIVAN requires a kidney biopsy
(KB) because it is very difficult to distinguish HIVAN
from other renal lesions on clinical grounds alone [9]. In
individuals with nephrotic range proteinuria without HI-
VAN, the usual suspects are classic focal sclerosing glo-
merulosclerosis, membranoproliferative glomerulone-
phritis, amyloid A amyloidosis, and diabetic nephropathy
[9]. Itis also remarkable to note that there are recent stud-
ies reporting membranous nephropathy associated with
HIV despite yielding negative anti-PLA2R, the major tar-
get antigen in membranous nephropathy [10]. Current
recommendation is to initiate highly active antiretroviral
therapy (ART) among patients with HIVAN regardless of
CD4 count [9]. ACE inhibitors or ARBs should be initi-
ated if there are no contraindications [8, 11]. The main-
stay of treatment for ART-naive patient is the initiation
of ART and avoiding all nephrotoxic agents [8]. Accord-
ing to IDSA, ART is underused in this population [11].
For patients who develop ESKD, renal transplant is an
option for those with CD4 count of more than 200 cells/
mm? and with undetectable viral load [9].

Epidemiology and Clinical Profile

HIVAN usually presents in the setting of severe im-
munosuppression characterized by low CD4 count and
high viral loftad and the absence of antiretrovirals [9]. A
comparison between people living with HIV (PLHIV)
presenting with HIVAN or classic FSGS demonstrated
that the former had significantly lower median CD4
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counts (74/mL vs. 367/mL) and higher viral load (36,532
vs. <40, interquartile range) [12].

From a global standpoint, several countries follow the
decreased incidence of HIVAN with some nations such
as Italy, Thailand [13], and Australia [14] even reporting
a complete absence of HIVAN in kidney biopsies, in con-
trast to South African patients diagnosed with HIV, where
the most common KB finding was HIVAN [15], espe-
cially considering that the highest HIV rates (>7%) are of
South African nations [16]. Despite the drastic global de-
cline in HIVAN incidence, there are still geographical
disparities. Bookholane et al. [15] emphasized the differ-
ence in prevalence of HIVAN in South Africa compared
to other nations as attributable to a strikingly low avail-
ability and accessibility to cART, resulting in challenges
in providing adequate cART and achieving virologic sup-
pression in South African patients diagnosed with HIV
[17]. Apolipoprotein L1 (APOL1) gene is strongly associ-
ated with FSGS (odds ratio [OR] 17) and HIVAN (OR 29)
in African Americans [18] and with HIVAN in South Af-
ricans (OR 89) [19].

In the USA, the disease affects individuals of African
ancestry almost exclusively with a prevalence ranging
from 3% to 12% [4, 20]. This may be due to the increased
prevalence of the APOL1 risk alleles in this population [8,
9]. In a cross-sectional study done on HIV seropositive
patients not on cART in Africa, Han et al. [21] suggested
that persistent microalbuminuria, which predicted HI-
VAN findings on biopsy 86% of the time, may be used as
an early marker in screening for HIVAN [21]. Based on
the US Renal Data System (USRDS), ESKD patients with
HIVAN are predominantly male [22].

Using USRDS data from 1989 to 2011, Razzak Chaud-
hary et al. [22] found that incidence of HIVAN-associat-
ed ESKD in the USA remained stable from 1995 to 2006,
then decreased from then onward (from 893 in 2006 to
525 in 2011), concurrent with the increasing availability
of ART. However, while the number and mortality rate of
individuals with HIVAN ESKD declined, the mortality
rate still remains >5-fold higher than all other causes of
ESKDs [22].

HIVAN usually presents with nephrotic range pro-
teinuria associated with a rapid deterioration of renal
function [9]. In a study of 57 biopsy-proven HIVAN pa-
tients, the median glomerular filtration rate was 20 mL/
min, and patients had heavy proteinuria of 4.1 g/day [23].
Interestingly, bipedal edema and hypertension are not
typical of HIVAN, and urinalysis among patients typi-
cally shows bland urinary sediments, varying casts, and
renal epithelial cells [9].
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Racial Disparity in HIV-Related CKD

According to the USRDS, the risk of developing ESKD
is 50-fold higher in PLHIV African Americans than in
PLHIV whites [24]. These data were corroborated by Lu-
cas et al. [11] where they found significant African Amer-
ican-white disparities in HIV-related CKD, wherein Af-
rican Americans usually have a more aggressive natural
history.

The most common histopathologic diagnosis in the
study of Lucas et al. [25] at Johns Hopkins Hospital was
HIVAN (37%). They found out that compared to white
cohorts, African American subjects with CKD were high-
ly likely to have prevalent disease, to be younger, have had
a history for injection drug use, and to be seropositive for
hepatitis C infection. Moreover, the African American
cohort had low CD4 counts at the time of diagnosis and
was more likely to be ART-naive. Furthermore, African
American subjects had higher serum creatinine and uri-
nary protein excretion and significantly lower eGFR.

Europe, Asia, and South America

In a study done by Post et al. [26] in the UK, 58 of
16,834 patients from 8 HIV centers had HIVAN. All 58
patients were of African descent, and 48 out of 58 patients
had HIVAN at the time of HIV diagnosis. Renal survival
appears to be poor even for patients on cART, with the
study by Post et al. [26] showing no association between
early cART initiation, rapid viral suppression, or CD4+
T-cell recovery and renal outcome. In a cross-sectional
study done by Al-Sheikh et al. [27] in Saudi Arabia, 16 out
of 248 or 6.5% of adult HIV-infected patients had pro-
teinuria without any other possible cause, which the re-
searchers concluded could be due to HIVAN. However,
the study was limited by the lack of renal biopsy confir-
mation for the patients with suspected HIVAN [27].

Africa: West vs East African Ancestry

The presence of 2 APOLI risk alleles has been strongly
associated with HIVAN (OR 29) in African Americans
[19] and with HIVAN in South Africans (OR 89) [28].
However, in a more recent cross-sectional study, Hung et
al. [29], investigated the relationship between region of
African ancestry (East, Central, South, or West Africa)
and kidney disease in people of sub-Saharan African an-
cestry diagnosed with HIV in the UK. They found that
West African ancestry as compared to East/South African
ancestry was strongly associated with a diagnosis of HI-
VAN/FSGS. Similarly, Mallipattu et al. [30] investigated
the highest prevalence of CKD in Nigeria, the most popu-

HIVAN

lous nation in West Africa, and found an association with
variability in access to care and local standards of cART
initiation. This increased prevalence of HIV-associated
CKD and HIVAN in West Africa was in contrast to Ethi-
opia, the most populous Eastern African nation, where no
cases of HIVAN were identified in a cohort of 338 Ethio-
pian immigrants in Israel, of whom only two individuals
carried a single copy of the APOL1 risk alleles [30]. Al-
though HIVAN pathogenesis may be dependent on sev-
eral factors, the influence of geography has been notable,
especially in West African and South African populations.

APOL1 G1 and G2 Alleles as a Risk Factor for HIVAN
Requires a “Second Hit”

APOL1 is strongly associated with HIVAN with an OR
of 29! [4]. It is located on chromosome 22 that codes for
APOL1 [31]. APOL1 is a trypanosome lytic factor mostly
secreted into the serum by the liver and is found in high-
density lipoprotein or complexed to IgM [31, 32]. Two
variants of the APOLI gene, G1 (containing two missense
mutations) and G2 (containing a frameshift deletion),
have been associated with a significantly increased risk of
developing HIVAN in those with HIV infection, and the
estimated lifetime risk of carrying 2 APOLI variants can
be as high as 50% for HIVAN [4, 31]. Any combination
of the variants is linked with a much greater risk of devel-
oping HIVAN [28]. Nevertheless, most people with
APOL1 G1 and G2 alleles do not necessarily develop kid-
ney disease. It has been postulated that a second hit may
play a role to cause the development of disease [31, 32].
The most well-accepted mechanism in the setting of HI-
VAN is that the innate immune response to HIV upregu-
lates APOLI1 production via the type 1 interferon pathway
(shown in Fig. 1) [31].

The question on testing for high-risk APOLI alleles
remains controversial. Given the known risks of carrying
high-risk variants, information on which patients’ renal
function may be expected to decline faster would allow
for closer monitoring and could possibly encourage life-
style modification on the patient’s end [33]. However, the
lack of targeted therapy at this time would mitigate the
possible benefit [33], which is the rationale for current
guidelines. Additionally, as previously mentioned, not all
of those with high-risk variants develop ESKD. Identify-
ing exactly which patients with high-risk variants will de-
velop ESKD is difficult, and knowing the APOL1 risk al-
lele status may lead to unnecessary medical interventions
and undue stress to both patients and physicians [34].
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HIV infects renal cells

Upregulation of Innate
Immune Response

Downregulation of
miRNA 193a

Increased signaling of
Type 1 Interferons
(IFN-alfa and beta)

Upregulation of APOL1

Fig. 1. Mechanism of APOLI upregulation by the human immu-
nodeficiency virus.

Mechanism of Disease

Despite the available evidence showing the direct role
of HIV-1 in the pathogenesis of HIVAN, the mechanism
of how the virus enters the renal epithelial cells remains
elusive [9]. Normal kidney cells lack the receptors CCR5
and CXCR4 which function as co-receptors for HIV-1 en-
try into CD4+ cells. However, a study done by Li et al. [35]
showed that expression of transmembrane TNF-a in cul-
tured renal tubular epithelial cells enabled the infection of
these cells, which solidifies the role of inflammation to
prime renal cells for infection. Another proposed mecha-
nism for HIV entry into epithelial cells is direct cell-to-cell
transmission via infected mononuclear cells. Several stud-
ies have shown that HIV-1 utilizes tunneling nanotube
networks to move from cell to cell, enabling infection of
cells without surface co-receptors for direct HIV-1 entry
[36-40]. The hallmarks of HIVAN glomerular and tubu-
lointerstitial injury are cell cycle dysregulation and deditf-
ferentiation, which can be expressed by an upregulation
of the proliferation marker Ki67 in podocytes and reticu-
loendothelial cells. Ki67 reflects an increased proportion
of cells arrested in cell cycle phases other than GO, such as
G2/M, which has recently been shown to be a mechanism
for tubulointerstitial injury and fibrosis [9, 41]. Aside
from Ki67 upregulation, cytoskeletal dysregulation is also
evidenced by a reduction of certain podocyte genes such
as synaptopodin, which is a key mediator of cytoskeletal
integrity, possibly due to HIV-induced basic fibroblast
growth factor (bFGF)-mediated dysregulation of MAPK
and RhoA. These promote further proliferation and dedif-
ferentiation and decreases synaptopodin expression, jeop-
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ardizing the crucial maintenance of the complex and dy-
namic cytoskeleton [9, 41]. Additionally, HIVAN is char-
acterized by deposition of TGF-f and matrix proteins [7].
Specifically, TGF-p-SMAD3 and activation of p53 and
dWnt/Notch pathways secondary to increased expression
of homeodomain interacting protein kinase 2 (HIPK2)
was recently implicated in HIV-induced reticuloendothe-
lial-cell apoptosis and tubulointerstitial fibrosis [41]. On
the other hand, dysregulated cell-cell and cell-matrix ad-
hesion also contribute to glomerular injury in HIVAN.
HIV expression increases Sidekick-1 (Sdk-1), which me-
diates cell-cell adhesion, resulting in the characteristic
clustering of glomerular epithelial cells (collapsing glo-
merulopathy) in HIVAN. HIVAN also decreases RAP1, a
key regulator of cell-cell and cell-matrix adhesion, by in-
creasing expression of RAP1GAP, causing podocyte de-
tachment in mice, adding to the multiple mechanisms of
cellular injury and death in HIVAN [41]. Therefore, HI-
VAN is a disease marked by increased expression of sev-
eral proliferation markers. Interestingly, coinfection with
hepatitis C virus may influence the pathogenesis of HI-
VAN [42]. As aforementioned, mutations in the APOL1
gene variants G1 and G2 also increase the risk of FSGS and
hypertensive ESKD in the African-American population
(43, 44]. These further highlight the role of host genetic
factors in the mechanism and the pathogenesis of HIVAN
[44]. Figure 2 shows the key summary of the pathophysi-
ology of HIVAN.

Diagnosis

A high index of suspicion for HIVAN should be em-
ployed in patients with HIV of African descent presenting
with persistent heavy proteinuria and progressively de-
clining renal dysfunction. Supportive findings include the
presence of advanced HIV infection with high viral load
and low CD4 count, nephrotic range proteinuria, and
large echogenic kidneys on ultrasound. A study by Atta et
al. [45] demonstrated that the sensitivity and specificity
for nephrotic range proteinuria in the diagnosis of HI-
VAN were only 73% and 61%, respectively. In addition,
33% of patients with CD4 counts below 200 had diagnoses
other than HIVAN [45]. In another study of 107 PLHIV
African-American patients with proteinuria >3 g/day,
only 56% had biopsy-proven HIVAN. The remaining pa-
tients had classic FSGS, MPGN, amyloidosis, diabetic ne-
phropathy, and other findings. The addition of APOL1
genotype did not significantly improve the prediction rate
of HIVAN [46]. HIVAN is not the only cause of renal pa-
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HOST FACTORS

APOL1 renal risk variants
African descent
No use of ART
Late stage disease (low CD4 count)
Advanced immunosuppression

Glomerular Involvement

Glomerular collapse
“Pseudocrescent” formation
Effacement of foot processes

MICROBIOLOGIC FACTORS

High viral load
Co-infection with Hepatitis C virus

v /

Tubulointerstitial I

Microcyst formation
Tubuloreticular inclusion
Interstitial inflammation

Interstitial fibrosis

Phenotypic Changes

Heavy proteinuria
Microalbuminuria (early feature)
Progressive kidney injury
Normal BP
No bipedal edema

Fig. 2. Pathophysiology of HIVAN.

thology in patients with HIV infection. The spectrum of
the disease varies from FSGS, minimal change disease,
thrombotic microangiopathy, and lupus-like HIV-im-
mune complex diseases [47]. Other differentials include
glomerular manifestations of other infections such as hep-
atitis B and C, immune complex-mediated glomerulone-
phritis, and drug-induced nephrotoxicity from antiretro-
viral agents and CKD from traditional risk factors such as
diabetes. The myriad of alternative diagnoses highlight
the importance of KB to confirm the definitive diagnosis
of HIVAN [48]. Table 1 summarizes the clinical features
and histopathologic findings of other differential diagno-
ses of patients suspected of HIVAN.

Histopathologic Findings in Patients with HIVAN

HIVAN is caused by the direct cytopathic effect of
HIV that replicates inside the renal cells [7]. The constel-
lation of histopathologic findings that comprise HIVAN
include glomerular capillary collapse, glomerular epithe-
liosis (proliferation of podocyte stem cells which are lo-
cated in the parietal epithelium), hypertrophy or enlarge-
ment of existing podocytes, prominence and hypercellu-

HIVAN

larity of the mesangium, endothelial tubuloreticular
inclusions (TRIs), and tubular microcysts [3, 4, 53]. Mi-
crocystic dilatation in particular has been suggested as a
finding that, together with proteinuria, indicates a worse
prognosis [4, 7, 31, 54]. Collapse of the glomeruli has
been defined as at least 1 glomerulus with collapsed base-
ment membranes with accompanying hyperplasia and
hypertrophy of epithelial cells leading to the so called
“pseudocrescents” [4, 9]. It is important to note that at
advanced stage of the disease, collapsing FSGS cannot
always be distinguished from classic FSGS. Differentials
that should be considered in patients with this type of
collapsing FSGS include other infectious etiologies (cy-
tomegalovirus, parvovirus B19, Epstein-Barr virus, and
SARS-CoV2), drug toxicities, vascular pathologies such
as thrombocytic microangiopathy, autoimmune diseases
such as SLE, and idiopathic collapsing glomerulopathy
[54, 55]. The presence of TRIs on electron microscopy,
which are most commonly seen in viral infections and
lupus nephropathy, may be a positive indicator of HI-
VAN. However, TRIs may not always be present in pa-
tients who have been treated with cART [54, 55]. By im-
munofluorescence, the segments of collapse may stain
for C3, Clq, and IgM in a nonspecific pattern [4]. In ad-
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Table 1. Differential diagnosis: possible histologic patterns in patients suspected of having HIVAN

Clinical features

Histopathologic findings

HIVAN Nephrotic range proteinuria, renal insufficiency; edema Collapsing type of FSGS with segmental or global retraction of the
and hypertension are less prominent findings even in the glomerular capillary walls and luminal occlusion, cystic tubular
setting of renal failure [49] dilatation, interstitial inflammation, the presence of TRI bodies

Classic FSGS Nephrotic syndrome (proteinuria, edema, Idiopathic or secondary to segmental necrosis or nephron loss.
hypercholesterolemia, hypoalbuminemia) Segment of tuft replaced by fibrosis

Membranous Nephrotic syndrome or mixed nephrotic-nephritic Hypercellular, hyperlobular glomeruli with double-contour GBM

proliferative
glomerulonephritis

syndrome (hematuria, hypertension, oliguria, edema)

Renal amyloidosis

Proteinuria often severe enough to produce nephrotic

Deposition of insoluble fibrillar protein in glomerulus and vessel

syndrome walls, stains with Congo and Sirius red

Diabetic nephropathy  Proteinuria, sometimes with nephrotic syndrome but may  Diffuse and nodular glomerulosclerosis, hyalinized arterioles,
progress to features of chronic renal failure capsular drops, fibrin caps, thickened GBM

ICGN Variable depending on etiology. Usually within a spectrum  The site of immune complex deposition is dependent on the size

of nephrotic and nephritic symptoms

of the complexes which is dependent on the antigen and the type
of immunoglobulin produced by the host

Minimal-change

nephropathy without impairment of renal function

Nephrotic syndrome without hematuria and usually

Normal light microscopy and immunofluorescence, “fused”
podocyte foot processes on electron microscopy

Thrombotic

microangiopathy manifestations such as thrombocytopenia,

microangiopathic hemolytic anemia, and fever [50]

Symptoms of acute kidney injury with variable extrarenal

Thrombi in glomerular capillaries, arteries, and arterioles which
distend the vascular lumen and entrap red and white blood cells
[51]. Bloodless appearance with glomerular endothelial cell
swelling. [51]

HIVICK
evidence of lupus. [47] Commonly presents with

proteinuria, hematuria, reduced GFR, and low levels of

complements [47]

Lupus-like lesions in some PLHIV without serologic

Variable mesangial and endocapillary hypercellularity [47].
Tubuloreticular aggregates in endothelial cells [47]. “Full-house”
staining with mesangial and variable capillary wall granular
deposits [47]. Immune complex deposits on electron microscopy
[47]

HIVAN, HIV-associated nephropathy. FSGS, focal segmental glomerulosclerosis; PLHIV, people living with HIV; TRI, tubuloreticular inclusion; ICGN, im-
mune complex glomerulonephritis; HIVICK, HIV-immune complex disease. Adapted from Wheater’s Functional Histology E-Book: a Text and Colour Atlas,

by Young B et al. [52], p. 214. Copyright 2013 by Elsevier Health Sciences.

vanced or end-stage disease, there is global glomerulo-
sclerosis composed of retracted sclerotic tufts capped
with parietal epithelial cells [4]. The tubulointerstitial
component of the lesion can be dramatic causing renal
hypertrophy and hyper-echogenicity on renal ultra-
sound [4].

Treatment

Medical Management

On top of initiating or maintaining ART, current ther-
apeutic modalities for HIVAN include renal-angioten-
sin-aldosterone system (RAAS) inhibitors, steroids, and
renal replacement therapy (RRT). Studies on HIVAN
treatment options have been mostly observational, with
no clinical trial data available to date [49]. Table 2 shows
the current key studies on HIVAN treatment.

6 Glomerular Dis 2023;3:1-11
DOI: 10.1159/000526868

cART is the mainstay of treatment for HIVAN. A 2012
study by Bigé et al. [23] observed an increased median
renal survival in patients with biopsy-proven HIVAN on
cART. This is in line with previous papers’ findings of a
delay in progression to ESKD [50, 51]. Additionally,
Wearne et al. [54] described a mortality benefit in this
population [65]. Despite the benefit of cART, HIVAN
still carries a poorer prognosis compared to non-HIV-
related kidney disease.

There are no randomized trials of renin-angiotensin-
aldosterone system blockade that have been conducted in
patients with HIV-related CKD. Most studies using
RAAS inhibitors have been extrapolated from studies in
other glomerular diseases [52]. The use of RAAS inhibi-
tors is observed to benefit renal survival and delay pro-
gression to ESKD [66, 67]. Burns et al. [58] noted stabili-
zation in serum creatinine and 24-h protein excretion in
patients treated with fosinopril in both nephrotic and

Rivera et al.



Table 2. Summary of key studies on HIVAN treatment

Year Author Study type Population Findings
ART
2008 Post et al. [26] Retrospective cohort  Biopsy-proven or clinically Renal survival not significantly improved by early initiation

diagnosed HIVAN

of ART

2012 Bige et al. [23]

Retrospective cohort

Biopsy-proven HIVAN

Median renal survival improved to 40 months compared to
prior studies

2006 Atta et al. [56]

Retrospective cohort

Biopsy-proven HIVAN

Renal survival better in group treated with ART (HR = 0.3)

2004 Szczech et al. [57]

Retrospective cohort

Patients with HIV who underwent
renal biopsy

ART slowed progression to ESRD in those with HIVAN (HR =
0.24)

2012 Wearne et al. [54]

Retrospective and
prospective cohort

Biopsy-proven HIVAN

cART reduced mortality in patients with biopsy features of
HIVAN (HR = 0.43)

RAAS inhibitors
1997 Burns et al. [58]

Prospective cohort

Biopsy-proven and clinically
diagnosed HIVAN

ACE inhibitors stabilized serum creatinine and 24-h protein
excretion in patients with HIVAN

2003 Wei et al. [59]

Prospective cohort

Biopsy-proven HIVAN

ACE inhibitors reduced risk of ESRD (RR = 0.003) and had
greater survival

2004 Szczech et al. [57]

Retrospective cohort

Patients with HIV who underwent
renal biopsy

ACEi/ARB slowed progression to ESRD (HR = 0.41)

Steroids
2000 Eustace et al. [60]

Retrospective cohort

Biopsy-proven HIVAN

Steroids slowed progression of azotemia on multivariate
analysis (OR of improved renal outcome adjusted for serum
creatinine = 39.1)

1998 Laradietal. [61]

Retrospective cohort

Biopsy-proven HIVAN

Steroids slowed progression to ESRD (RR = 0.29)

Dialysis
2003 Ahuja et al. [62]

Retrospective cohort

Patients with HIVAN on dialysis

No significant difference in survival between HD and PD (HR
=1.01)

2017 Ndlovu et al. [63]

Prospective cohort

Patients with HIV undergoing PD
versus patients without HIV
undergoing PD

Increased risk of peritonitis in patients with HIV undergoing
PD (HR=2.38)

Renal transplant
2015 Waheed et al. [48]

Prospective cohort

Patients with biopsy-proven
HIVAN undergoing renal
transplant

Graft survival rates:

1 year =100%

3year=81%

Acute rejection rates
1year=18%

3year=27%

Delayed graft function in 64%

2010 Stock et al. [64]

Prospective cohort

HIV-infected patients on ART
undergoing renal transplant

Patient survival rates:
1 year = 94.6+2.0%

3 year=88.2+3.8%
Graft survival rates:

1 year = 90.4%
3year=73.7%
Rejection rates:
1year=31%
3year=41%

HIVAN, HIV-associated nephropathy; RAAS, renal-angiotensin-aldosterone system; ART, antiretroviral therapy; cART, combination antiretroviral therapy;

HD, hemodialysis; PD, peritoneal dialysis.

non-nephrotic patients [56]. The benefits of RAAS inhi-
bition in other glomerular diseases have been well-estab-
lished, and thus, it is reasonable to use these agents in the

absence of additional data.

HIVAN

There is alack of large randomized controlled trials for
the use of steroids in HIVAN. It is surmised that steroids
may be able to reduce the significant tubulointerstitial in-
flammation seen in kidney biopsies [52]. Early, smaller
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studies of steroid in HIVAN observed improvements in
protein excretion and serum creatinine and slow progres-
sion to ESKD [54, 57]. However, no recent studies have
been done to validate these findings. And while some
benefit was observed, it must be taken into consideration
that current cART regimens are now significantly im-
proved compared to the period of these studies which
may impact the actual current clinical benefit of steroids.
Additionally, there is a risk of adverse events [57]. Thus,
routine use of steroids is not recommended. However, it
is reasonable to consider the addition of glucocorticoids
in patients with rapidly progressing decline of kidney
function despite optimal therapy with cART and angio-
tensin inhibition.

Renal Replacement Therapy

Patients with HIVAN remain at increased risk of de-
veloping ESKD despite medical therapy. Therefore, RRT,
either through dialysis or renal transplant, must be con-
sidered in these patients.

Both hemodialysis and peritoneal dialysis are accept-
able options for dialysis in patients with HIV. Mortality
and morbidity are not significantly increased in one mo-
dality or another [68]. Old age, low serum albumin, low
CD4 count, and lack of cART have been identified as in-
dependent risk factors of poor survival [57, 59]. While
there may be some concern of an increased risk of perito-
nitis in these patients undergoing peritoneal dialysis,
more data are needed to assess the true impact in this
population [57].

Recent studies on renal transplantation in patients
with HIVAN have shown favorable results. Graft surviv-
al during the 1-year and 3-year mark was 90% and 74%,
respectively [48, 58]. However, unique challenges in this
population remain. There is a risk of HIVAN recurrence
in the graft posttransplantation, particularly in cases
wherein the donor is HIV positive [60]. Graft rejection is
also a major concern in this population, given the baseline
immune dysregulation and the drug interactions between
cART and calcineurin inhibitors [48, 58]. Special atten-
tion should be paid to managing the risk of rejection and
delayed graft function [58]. The Hahnemann University
Hospital has shared its best practices in kidney transplan-
tation in patients with HIV, which have greatly improved
patient and graft survival rates. Strict criteria for trans-
plantation eligibility included undetectable viral load,
CD4 count >200, and cART treatment for at least 6
months. Their addition of IV immunoglobulin to the in-
duction protocol minimized antibody-mediated rejec-
tion. The use of belatacept as a maintenance immunosup-
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pressive agent avoided the nephrotoxicity and cART drug
interaction associated with tacrolimus [61].

A recent point for consideration in transplant patients
is the APOLI risk allele. Several case reports have noted
a quicker decline 