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HIV-associated nephropathy: a diagnosis in evolution
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Abstract
HIV-1 associated nephropathy (HIVAN) is a clinical and
renal histological disease characterized by the presence of
heavy proteinuria associated with focal segmental glomer-
ulosclerosis and microcystic tubular dilatation. These
renal lesions lead to renal enlargement and rapid pro-
gression to kidney failure. People from African ancestry
show a unique susceptibility to develop HIVAN. The
study by Wearne and colleagues, which includes the
largest group of patients of African ancestry with HIVAN
studied so far, describes a novel renal histological variant
of HIVAN, and suggests that antiretroviral therapies
improve the clinical outcome of all HIV-associated renal
diseases. These findings, when interpreted in the context
of recent advances in our understanding of the molecular
pathogenesis and genetics of HIVAN, will facilitate the
recognition of all clinical variants of HIVAN as well the
planning of better screening, prevention, and treatment
programs for all HIV nephropathies.
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Since the beginning of the acquired immunodeficiency
syndrome (AIDS) epidemic almost 30 years ago, many
renal diseases that affect the outcome of HIV-infected
patients have been described [1–3]. Among them, HIV-
associated nephropathy (HIVAN) received significant at-
tention because of the rapid development of irreversible
chronic renal failure in African American patients with
AIDS [1, 2]. Despite the remarkable medical advances
made in our understanding and treatment of HIVAN,
several important issues remained unresolved. Surpris-
ingly, there is still lack of consensus regarding the defi-
nition of HIVAN. This issue can affect our ability to
design appropriate clinical trials or explore the pathogen-
esis of this disease. The study by Wearne et al., published
in this issue of Nephrology Dialysis Transplantation pro-
vides valuable clinical information regarding the renal
histological lesions associated with HIV-1 infection [4].
This study, which includes the largest group of patients of
African ancestry with HIVAN studied so far, also de-
scribes a novel renal histological variant of HIVAN and

suggests that antiretroviral therapies improve the clinical
outcome of all HIV renal diseases. Therefore, to assess
the clinical relevance of these findings, it is worth review-
ing the history of HIVAN in the context of the most recent
medical advances.
In 1984, HIVAN was identified in patients with AIDS

in New York and Miami [1, 2]. Initially, it was named
AIDS-associated nephropathy, but this name was changed
to HIVAN when asymptomatic HIV-infected individuals
showed similar clinical and renal histological features.
In the early stages of the AIDS epidemic, patients with
HIVAN typically presented with severe nephrotic syn-
drome and renal insufficiency. They frequently showed
profound hypoalbuminaemia, with minimal or absent per-
ipheral oedema and hypertension and a very rapid pro-
gression to end-stage renal disease (ESRD) [1, 2]. Their
renal histology revealed global or focal segmental glomer-
ulosclerois (FSGS), often in different stages of evolution,
prominent degenerative and hypertrophic changes in visc-
eral epithelial cells, mesangial deposits of complement
(C3), IgM and sometimes IgG, but not IgA, microcystic
tubular dilatation containing large plasma proteins, inter-
stitial oedema and tubuloreticular inclusions (TRI) in glo-
merular and peritubular endothelial cells [1, 2]. The
mesangial deposits were considered non-specific because
they were detected in patients with AIDS who had normal
glomeruli and in HIV-negative patients with hypertension
or diabetes [3]. Interestingly, the renal histological fea-
tures recognized years later as ‘collapsing glomerulopa-
thy’ were not mentioned in the initial reports. Moreover,
these studies concluded that the renal histological lesions
of HIVAN were indistinguishable from heroin-associated
nephropathy (HAN) or idiopathic FSGS [1, 2]. However,
kidneys with HIVAN showed normal or enlarged size, in
contrast to the small fibrotic kidneys seen in ESRD of
other aetiologies [3]. In summary, the most distinctive fea-
tures of HIVAN were the clinical symptoms, its predilec-
tion for African American individuals and the renal
enlargement.
In the late 1980s, HIVAN was detected in children who

acquired HIV-1 through vertical transmission [3, 5].
These findings provided compelling evidence for the
existence of an HIV-related glomerulopathy that could
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evolve independently of intravenous drug use [3, 5].
Years later, many studies confirmed that the incidence of
HIVAN could be reduced in a significant manner by de-
creasing the HIV-1 viral load [6, 7]. It is worth mention-
ing here that some HIV-infected children developed a
childhood variant of HIVAN characterized by proteinuria,
in combination with mesangial hyperplasia and microcys-
tic tubular dilatation [3, 5, 8]. Because at that time mesan-
gial expansion and hyperplasia were considered the initial
events leading to FSGS in several renal diseases, these
findings were interpreted as the early stages of HIVAN
[3, 5]. In support of this notion, an extensive review of
159 renal biopsies and autopsies done in Miami revealed
a high incidence or glomerular mesangial hyperplasia in
the AIDS population [3]. In addition, this study found a
spectrum of renal glomerular lesions ranging from focal
and diffuse mesangial hyperplasia with minor FSGS
changes to global glomerulosclerosis [3]. Once again the
microcystic changes were considered, the most consistent
renal findings in HIVAN and subsequent studies done in
transgenic (Tg) mice confirmed that these lesions were
responsible for the renal enlargement [7].

In 1986, renal biopsies in six patients who develop ne-
phrotic syndrome and rapid ESRD revealed a remarkable
collapse of the glomerular capillary loops, such as might
occur with glomerular hypoperfusion [9]. These changes
were associated with tubulointerstitial lesions similar to
HIVAN. One of these patients subsequently developed
AIDS, but the other five patients remained HIV-negative.
This ‘malignant’ form of idiopathic FSGS was named
‘collapsing glomerulopathy’ (CG) and considered a new
renal entity [9]. Soon, CG was recognized in patients with
HIVAN. For example, a review of the renal biopsies done
at Columbia University in New York highlighted the col-
lapsing global pattern of glomerulosclerosis seen in
HIVAN and proposed to use the term ‘diffuse sclerosis
glomerulopathy’, instead of FSGS, to describe these
lesions [10]. Moreover, the collapse of glomerular capil-
laries, in the absence of endocapillary foam cells or glo-
merular hyalinosis, was considered an earlier
morphological feature of HIVAN that could progress to a
non-specific pattern of ‘global glomerulosclerosis’. Ac-
cording to this interpretation, the collapsing feature could
disappear during the late stages of HIVAN [10]. However,
when the HIVAN samples were compared with HAN or
idiopathic FSGS, no single pathological feature was con-
sidered in itself specific for HIVAN [10], as reported in
the original studies [1, 2]. Nevertheless, the diffuse col-
lapsing global pattern described above became a distinc-
tive feature of HIVAN.

In 2004, the Columbia classification of FSGS reviewed
the histological definition of CG [11]. The new definition
required only the collapse of at least one capillary loop,
with obliteration of the lumen, in one glomerulus, in
addition to hypertrophic or hyperplastic podocytes over-
lying the collapsed capillaries, regardless of the presence
of other variants of FSGS or tubulointerstitial lesions
[11]. Subsequently, using this new definition, the number
of CG cases associated with other renal diseases increased
in an exponential manner, and the CG patterns became a
less ‘distinctive’ feature of HIVAN. For example, the CG

phenotype is absent in ∼57% of the HIVAN cases de-
scribed by Wearne et al. [4] and a higher number of chil-
dren with HIVAN described in other studies [3, 5, 8].
More recently, a new taxonomy for ‘podocytopathies’ was
developed based on the assessment of glomerular mor-
phology/podocyte phenotype and aetiology [12]. This
new taxonomy considered CG a different entity apart
from FSGS [12]. According to this nomenclature, HIV-1
could induce at least three different ‘podocytopathies’, in-
cluding FSGS, CG and diffuse mesangial sclerosis, if the
foetal variant described by Wearne et al. is included in
the last group. In an ideal taxonomy, however, patients
should progress through various stages of one disease or
podocytophaty; instead, HIVAN appears to progress
through one podocytopathy to another. In addition,
another point to discuss is whether HIVAN should be con-
sidered a primary podocytopathy. Many systemic and in-
trinsic renal cells, in addition to podocytes, play a key
role in the pathogenesis of HIVAN. For example, to gain
access to podocytes and tubular epithelial cells, HIV-1
should ‘go through’ glomerular and peritubular endo-
thelial cells, usually by Trojan horse-like mechanism
inside inflammatory cells [7]. The TRI found in glomeru-
lar and peritubular endothelial cells suggest that these
renal structures can be affected directly and independently
[2, 3]. Moreover, Tg mice that express HIV genes under
the control of the human CD4 promoter, which restricts
the expression of HIV-1 genes mainly to circulating
immune cells, develop FSGS and microcysts [13]. Cyto-
kines released by HIV-infected cells [e.g. interferon
(IFN)-α -β or -γ] can precipitate the development of CG
in HIV-negative patients [14]. In addition, studies done in
humans and HIV-Tg mice show that injured podocytes
can be replaced by proliferating parietal epithelial or renal
stem cells [15–17]. Alternatively, the ‘acute’ capillary col-
lapse seen in HIVAN patients with hypoalbuminaemia,
generalized oedema and renal failure suggests that renal
haemodynamic changes may play an additional role in
this process [9]. Finally, the microcystic transformation of
renal tubules can occur in the absence of significant podo-
cyte lesions, as seen in the interstitial and childhood var-
iants of HIVAN [4, 7] (Figure 1). Taken together, all these
observations highlight the need to reach a consensus re-
garding the definition of HIVAN, in order to implement
better screening, prevention and treatment programmes.
Another interesting finding reported by Wearne et al.

[4] is the new foetal variant of HIVAN. This renal histo-
logical variant resembles the structure of foetal glomeruli
and is associated with the worst clinical outcome. These
glomeruli show a strikingly dense mesangial sclerotic
core with no peripheral loops or collapse. The surface of
the inner core is covered by hypertrophied and hyper-
plasic visceral epithelia cells [4]. Although these lesions
could be a CG in evolution, the dense mesangial sclerotic
lesions, absence of glomerular collapse and the worse
clinical outcome relative to CG suggest that this is an un-
likely possibility. Interestingly, Tg mice expressing HIV-1
genes only in podocytes can show immature glomeruli
with cuboidal podocytes, mesangial expansion and hyper-
plasia [18]. As discussed above, both mesangial expan-
sion and hyperplasia are detected in HIV-infected adults,
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children and HIV-Tg rats [3, 5, 8, 19]. Previous studies
showed that injured podocytes and endothelial cells can
release heparin-binding growth factors that induce hyper-
plasia and expansion of mesangial cells (e.g. fibroblast
growth factor-2) [7]. In contrast, healthy podocytes and
endothelial cells produce heparan sulphate proteoglycans
that have an opposite inhibitory effect [7]. Rats that
express the human diphtheria toxin (DT) receptor only in
podocytes demonstrate that injured podocytes can lead to
mesangial expansion and glomerulosclerosis [20]. A mod-
erate depletion of podocytes (<20%) induced by DT
showed mesangial expansion, transient mild proteinuria
and normal renal function. A more robust depletion of po-
docytes (<40%) showed mesangial expansion, FSGS,
mild sustained proteinuria and normal renal function.
Finally, further podocyte depletion (>40%) showed seg-
mental to global glomerulosclerosis with sustained high-
grade proteinuria and reduced renal function [20]. HIV-Tg
mice/rats expressing HIV transcripts in podocytes, but not
in mesangial cells, also develop different degrees of me-
sangial expansion and proliferation, depending on the
stage of the renal disease [7, 18]. Overall, more studies
are needed to determine how HIV-1 induces mesangial
injury and to define the pathogenesis of the foetal variant
of HIVAN.

Finally, the discovery that two coding sequence var-
iants in the APOL-1 gene, named G1 and G2, can in-
crease the risk of untreated HIV-infected people to

develop HIVAN by ∼50% [21, 22], will probably affect
the way we define, classify and study the pathogenesis of
all HIV renal diseases. These APOL-1 risk variants,
which are not frequently detected in Europeans or other
ethnic groups, encode a secreted lipid-binding protein
named apolipoprotein L1 (apoL1) [21, 22]. This protein
is lethal to the Trypanosoma brucei rhodesiense, a para-
site that causes African sleeping sickness [17, 21]. One
variant copy of apoL1 appears to provide resistance to
this infection, while two variant copies are needed to in-
crease the risk of HIVAN. These findings explain why
HIVAN is seen, almost exclusively, in patients of African
ancestry, and why blacks from Northeast Africa or Ethio-
pia, which do not carry the risk variants, do not develop
HIVAN [23]. APO1-associated FSGS occurs earlier and
progresses to ESRD more rapidly [22, 24]. The mechan-
isms responsible for the renal effects of the risk variants
are not clearly understood. ApoL1 has several roles, in-
cluding the transport of lipids and cholesterol, formation
of ion channels in lipid bilayers, innate immune
responses, cytolysis and autophagic cell death [17, 21].
Cytokines released by HIV-1-infected cells (IFN-γ and
tumour necrosis factor-α) induce the expression of
APOL-1 in cultured endothelial cells [17]. Moreover,
apoL1 is detected in mononuclear cells, podocytes, proxi-
mal tubules, renal vascular smooth muscle cells and in
medium-sized arterial and arteriolar renal endothelial cells
[17, 25]. Although it is unclear whether these findings

Fig. 1. Risk factors and pathogenesis of HIV-associated renal diseases. A longstanding high viral load is a major risk factor for the development of
HIV-associated renal diseases. Immune activation and chronic inflammation are crucial features driving HIV replication and are additional risk factors
for the development of HIV-associated renal diseases. Antiretroviral therapies (ART) block HIV-1 replication, decreasing the viral load and the
chronic inflammatory changes (red lines). Untreated individuals of African ancestry carrying two risk variants of the APOL-1 gene are at very high
risk of developing HIVAN. The incidence of HIVAN is reduced in a significant manner with ART. These drugs can also induce renal injury per se
(red arrow). Other renal diseases may affect the clinical outcome of HIVAN. Some individuals develop HIVAN in combination with immune complex
glomerulonephritis (HIVAN + ICGN). The APOL1 risk variants do not appear to play a direct role in the pathogenesis of HIV-associated immune
complex glomerulonephritis (HIV-ICGN). HIV-1 affects several intrinsic renal cell types and induces different histological variants of HIVAN. The
tubulointersitial lesions are the most consistent findings seen in patients with HIVAN and can predict an adverse clinical outcome. PEC, parietal
epithelial cells; ICGN, immune complex glomerulonephritis.
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represent de novo synthesis or apoL1 uptake from the cir-
culation, the specific kidney domains that show apoL1
expression could potentially affect the outcome of all
HIVAN variants described by Wearne et al. [4] (Figure 1).
More studies are needed, however, to define how apoL1
affects the outcome of HIVAN. As new information
becomes available, our understanding of the definition
and pathogenesis of HIVAN will continue its evolution.
HIVAN may become part of a spectrum of ‘APOL-1-
associated renal diseases’ that affect different systemic
and intrinsic renal cell types. We hope that this new
knowledge will facilitate the planning of better screening,
prevention and treatment programmes for all HIV
nephropathies.
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