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Highly active antiretroviral therapy has led to dramatic im-
provement in the life expectancy of persons with human immunodefi-
ciency virus (HIV) infection.1-3 Approximately 36.7 million people live with 

HIV infection worldwide,1,2,4,5 and there were approximately 2.1 million cases of in-
cident HIV infection globally in 2015.5 Almost three quarters of HIV-infected persons 
live in sub-Saharan Africa.1,2,4,6 Although 18.2 million people worldwide were receiv-
ing antiretroviral therapy by 2016,5 only 40% of HIV-infected persons in sub-Saharan 
Africa received antiretroviral therapy as of 2014.7 The prevalence of HIV infection is 
much lower in the United States than in sub-Saharan Africa. Approximately 1.2 mil-
lion persons in the United States have HIV infection, and the annual incidence has 
been stable at approximately 50,000 infections over the past decade.5,8

Kidney disease, which is a common complication of HIV infection and its treat-
ment, may shorten the lifespan of patients.4,9,10 Soon after the index cases of the 
acquired immunodeficiency syndrome (AIDS) were identified in 1980, various 
kidney diseases associated with AIDS were recognized.10 The spectrum of HIV-
associated renal diseases includes diseases that are directly associated with infec-
tion, those that are linked to the systemic immune response to infection, those 
that develop as a consequence of superinfections, and those that are associated 
with the treatment of HIV infection (Table 1).10 Since the introduction of molecular 
tools to detect HIV within tissues, our understanding of the pathogenesis of com-
mon kidney diseases, such as focal segmental glomerulosclerosis and immune-
complex renal disease, in persons with HIV infection has improved. Over the past 
two decades, antiretroviral therapy has converted HIV infection to a chronic ill-
ness, with associated changes in the incidence, type, and severity of HIV-associated 
kidney diseases. Current antiretroviral therapy regimens suppress viral replication, 
but this treatment may result in chronic inflammation, premature aging, and 
metabolic disorders (e.g., diabetes, hyperlipidemia, and abnormal body fat compo-
sition) — conditions that are associated with chronic kidney disease.11-15

E va luation of R ena l S y ndromes in HI V Infec tion

Patients with HIV infection are at increased risk for both acute kidney injury and 
chronic kidney disease.4,9,10,12,16-18 Untreated HIV infection, as well as antiretroviral 
therapy, are associated with kidney disease. Antiretroviral therapy is a double-
edged sword: although it can lead to improvement in the life expectancy of persons 
with HIV infection, it can also increase clinical uncertainty regarding changes in 
renal function in this population. The approaches to evaluating acute kidney injury 
and chronic kidney disease are shown in Figure 1. Given the breadth of causes of 
these kidney diseases, a kidney biopsy may be necessary to establish a diagnosis.

Microalbuminuria, a key sign of kidney disease but also a manifestation of the 
metabolic syndrome and vascular dysfunction, is present in 10 to 15% of patients 
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with HIV infection.19 The prevalence of a reduced 
glomerular filtration rate is 2 to 10% but varies 
across populations.20 Depletion of intravascular 
volume is probably the most common cause of 
acute kidney injury.16,17 Hospitalized patients 
with HIV infection who have sepsis or who are 
receiving nephrotoxic medications are at in-
creased risk for acute tubular necrosis and acute 
interstitial nephritis. Acute kidney injury and 
chronic kidney disease may be closely inter-
twined over time; chronic kidney disease often 
precedes acute kidney injury but could also de-
velop or worsen after acute kidney injury, fre-
quently culminating in end-stage renal disease.18,21

Equations for calculating the estimated glo-
merular filtration rate have been evaluated in 
patients with HIV infection22,23; the estimated 
glomerular filtration rate can be calculated on 
the basis of serum creatinine concentration or, 
in patients with reduced muscle mass, serum 
cystatin C level and provides clinical guidance 
for drug dosing. Trimethoprim, cobicistat, and 
HIV integrase inhibitors inhibit proximal renal 
tubular secretion of creatinine, which may in-
crease the serum creatinine concentration24 with-
out changing the glomerular filtration rate. The 
serum creatinine concentration does not typi-
cally increase more than 15 to 30% with such 
medications.25 Greater increases in the serum 
creatinine concentration should prompt an eval-
uation for acute kidney injury.

Estimation of glomerular filtration rate that 
is based on the cystatin C level may help to iden-
tify the development of chronic kidney disease, 
particularly in patients with moderately dimin-
ished creatinine-based estimated glomerular fil-
tration rate and muscle wasting, in whom the 
serum creatinine concentration may not accurately 
reflect the glomerular filtration rate.9 Because 
cystatin C levels may be elevated as a result of 
inflammation, the cystatin C–based estimated 
glomerular filtration rate must be used cau-
tiously.

HI V-A sso ci ated Nephropath y

Before the availability of antiretroviral therapy, 
HIV-associated nephropathy, initially reported 
by research groups in Miami and New York in 
1984,26-28 typically presented with nephrotic-range 
proteinuria and decreased renal function.4,9,10 
Currently, presentation varies depending on 
whether antiretroviral therapy has been provided. 

Acute kidney injury

Prerenal azotemia

Acute tubular necrosis

Rhabdomyolysis

Antiretroviral therapy–associated acute kidney injury

Tubulointerstitial nephritis

Immune reconstitution syndrome

HIV-associated nephropathy

HIV immune-complex kidney disease

IgA nephropathy

Postinfectious glomerulonephritis

Mesangial proliferative glomerulonephritis

Lupus-like glomerulonephritis

Membranoproliferative glomerulonephritis

Cryoglobulinemic glomerulonephritis

Other glomerulonephridites

Thrombotic microangiopathies

Urinary tract obstruction

Bladder outlet obstruction

Ureteral obstruction

Intrinsic: fungus balls, blood clots

Extrinsic: retroperitoneal fibrosis, lymphadenopathy

Chronic kidney disease

HIV-associated nephropathy

HIV immune-complex kidney disease

Antiretroviral therapy–associated chronic kidney disease

Tubulointerstitial nephritis

Crystal nephropathy

Tenofovir disoproxil fumarate–induced nephrotoxicity

Tubulointerstitial renal disease

Diffuse infiltrative lymphocytosis syndrome

Opportunistic infections of the kidney parenchyma

Viral infections

Cytomegalovirus

Parvovirus

Herpes simplex

Other infections

Fungal infections

Mycobacterial infections, typical and atypical

Mycoplasma

Microsporidia

Bacterial pyelonephritis

Infiltrative lesions of the kidney

Lymphoma

Kaposi’s sarcoma

Table 1. Kidney Diseases in Patients with Human 
Immunodeficiency Virus Infection.
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Edema is variably present, because some patients 
with HIV-associated renal disease may have malnu-
trition or salt wasting from renal tubular injury.29

HIV-associated nephropathy affects all renal 
tissue compartments, including glomeruli, tubules, 
and interstitium (Figs. S1 and S2 in the Supple-
mentary Appendix, available with the full text of 
this article at NEJM.org). A collapsing form of 
focal segmental glomerulosclerosis is a typical 
manifestation of HIV-associated nephropathy 
and is characterized by an increased number of 
cells in the podocyte compartment; these cells 
may be podocyte progenitors.30 Focal segmental 
glomerulosclerosis shows segmental glomerular 

scarring, with only some glomeruli affected. 
Other histologic features include microcystic re-
nal tubular dilatation, interstitial inflammation, 
fibrosis, and tubuloreticular inclusion bodies, 
which are detected occasionally in glomerular 
endothelial cells by electron microscopy.4,9,10

The prevalence of HIV-associated nephropa-
thy has decreased dramatically since the intro-
duction of antiretroviral therapy and consequent 
effective suppression of viral replication.4,31 Be-
fore the antiretroviral therapy era, the prevalence 
of HIV-associated nephropathy was 3.5 to 10.0% 
among HIV-infected persons in the United 
States.4,10,31 Over the past 20 years, the incidence 

Figure 1. Approaches to Evaluating Kidney Disease in Patients with HIV Infection.

In the evaluation of acute kidney injury in patients with human immunodeficiency virus (HIV) infection, the differential diagnosis of a 
sudden reduction in the glomerular filtration rate is made with a close microscopic examination of a urine sample to help differentiate 
classic prerenal, intrinsic renal, and postrenal obstructive causes. Evaluation of urinary osmolality and sodium and creatinine concentra-
tion may add value. The evaluation of chronic kidney disease in HIV-infected patients requires a careful history and physical examination 
to assess traditional risk factors for renal disease, in addition to unique clinical characteristics of HIV-associated renal diseases. Evalua-
tion of urinary protein excretion is helpful in establishing diagnostic categories. A renal biopsy is often necessary to confirm the diagno-
sis and inform prognosis and treatment. Acute tubular necrosis and acute interstitial nephritis are usually manifestations of acute kidney 
injury. HIV-associated nephropathy, HIV immune-complex kidney disease, kidney disease of thrombotic microangiopathy, and nephro-
toxicity can be manifestations of either acute kidney injury or chronic kidney disease.

Acute Kidney Injury Chronic Kidney Disease

Acute tubular necrosis

• Granular or muddy brown casts
• Fractional excretion of sodium, >2%

Sepsis
associated

Medication
nephrotoxicity

Pigment
nephropathy

Acute interstitial nephritis 

• Active urine sediment
• Pyuria
• White-cell casts

Medications Infection related

Combination antiretroviral therapy 
  nephropathy

Other kidney syndromes

• Subnephrotic proteinuria
• Controlled viral load and CD4 count

• Diabetic kidney diseases
• Hypertensive kidney diseases
• Focal segmental glomerulosclerosis

Interstitial
nephritis

Crystalluria • Mitochondrial 
   toxicity 
• Fanconi’s 
  syndrome

• Active urine sediment
• Proteinuria
• Microscopic hematuria
• Red-cell casts
• Hypocomplementemia
• Screen for hepatitis and other 
  coinfections

Thrombotic microangiopathy

• Microangiopathic hemolytic anemia
• Thrombocytopenia
• Hematuria
• Proteinuria

HIV-associated nephropathy 

• Nephrotic-range proteinuria
• High HIV viral load
• Low CD4 count

HIV-associated immune-complex 
  renal disease 

Intrinsic
Renal

Prerenal

• Volume depletion
• Bland urine sediment
• Fractional excretion 
  of sodium, <1%

Postrenal
Obstructive

Pigment
nephropathy

  of sodium, <1%

• Bland urine sediment
• Fractional excretion 

The New England Journal of Medicine 
Downloaded from nejm.org by MAX SOLANO on January 8, 2018. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 377;24 nejm.org December 14, 20172366

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

of end-stage renal disease attributed to HIV in-
fection has declined and then plateaued, whereas 
the prevalence of end-stage renal disease in this 
patient population continues to increase, be-
cause patients live longer with effective antiret-
roviral therapy.32 The annual incidence of 800 to 
900 cases of HIV-associated end-stage renal 
disease has been stable for several years.32

The prevalence of HIV-associated nephropa-
thy varies worldwide, with the highest rates re-
ported in sub-Saharan Africa.6 In the United 
States, HIV-associated nephropathy occurs pri-
marily in persons of African descent, particu-
larly in those with markedly reduced CD4 counts 
and elevated viral loads.4 HIV-associated nephrop-
athy probably arises because of complex interac-
tions among host factors (especially genetics), 
pathogen characteristics (particularly renal viral 
protein expression), and environmental and be-
havioral factors (the most important of which 
may be access to care and antiretroviral therapy 
with effective viral suppression) (Fig. 2).

In the kidneys, HIV RNA has been shown to 
be localized to podocytes and tubular epithelial 
cells, which perhaps explains why these cells 
show striking abnormalities in HIV-associated 
nephropathy. The HIV regulatory protein Nef 
and the HIV accessory protein Vpr, when overex-
pressed in mice, reproduce the HIV-associated 
nephropathy syndrome, which suggests that these 
proteins play pathogenic roles in HIV-associated 
nephropathy.4,10

The genetic predisposition to HIV-associated 
nephropathy among patients of African descent 
is due largely to variants in the APOL1 gene, en-
coding apolipoprotein L1.33,34 APOL1 is a minor 
protein constituent of particular high-density 
lipoprotein particles that comprise two forms of 
trypanosome lytic factor.35 In vitro data show 
that APOL1 variants help in killing Trypanosoma 
brucei, the cause of African sleeping sickness.33,36 
Recent findings regarding the APOL1 renal risk 
variants G1 and G2 (in contrast to the common 
allele G0) implicate both variants in the resis-
tance to subspecies of T. brucei, which suggests 
that the variants evolved to kill T. brucei subspe-
cies.36 Both variants are limited to populations 
of sub-Saharan descent.4

APOL1 risk variants are also associated with 
non-HIV chronic kidney disease, including focal 
segmental glomerulosclerosis and hypertension-
associated arterionephrosclerosis.33,37 Risk-allele 

frequencies are approximately 50% among West 
Africans and approximately 35% among African 
Americans. Approximately 13% of African Amer-
icans are at increased genetic risk for chronic 
kidney disease.4

APOL1 renal risk variants are strongly associ-
ated with HIV-associated nephropathy.37,38 Inter-
actions between gene and environment may 
modify the strength of the associations. South 
African patients with HIV-associated nephropa-
thy who have a single APOL1 risk allele have a 
higher risk of kidney disease than patients who 
have no APOL1 risk alleles, which is consistent 
with a dominant gain-of-function effect of the 
APOL1 risk allele, as seen in animal models,38-41 
rather than a recessive loss-of-function effect.

HIV infection stimulates interferon expres-
sion.42 Expression of APOL1, an innate immunity 
gene, is stimulated by interferon,43 which prob-
ably explains in part why associations with 
APOL1 renal risk variants are so strong in HIV 
infection. APOL1 risk alleles are incompletely 
penetrant, as evidenced by the fact that kidney 
disease does not develop in most carriers of two 
risk alleles, which suggests that modulation by 
environmental or other genetic factors is also 
needed (Fig. 2). However, in some patients, in-
creased expression of risk alleles and their prod-
ucts, which is stimulated by interferon, may be 
sufficient to induce glomerulopathy.29 Recent 
evidence suggests that serum urokinase-type 
plasminogen activator receptor, an inflamma-
tion marker, may interact with APOL1, thereby 
activating the aVb3 integrin receptor, which is 
expressed in podocytes, and perhaps promoting 
kidney disease in genetically susceptible per-
sons.44 In APOL1 transgenic mice, reduction in 
APOL1 gene expression is associated with im-
proved renal histologic findings and less azote-
mia and albuminuria.41 Because the nephropa-
thies that are most strongly associated with 
APOL1 variants are podocytopathies,45 it is likely 
that the expression and products of APOL1 vari-
ants damage podocytes and possibly other renal 
cells. Emerging evidence suggests a direct role 
of the products of APOL1 variants in nephro-
pathogenesis,40,41 including alterations in mem-
brane ion flux46; altered mitochondrial,47 en-
dolysosomal, and autophagic function39,41; and 
increased cellular inflammatory pathways, in-
cluding activation of protein kinase R.29,41 APOL1 
variants have not been associated with an in-
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creased risk of HIV-associated immune-complex 
renal disease.48,49

 Tr e atmen t of HI V-A sso ci ated 
Nephropath y

The use of highly active antiretroviral therapy is 
central to the effective treatment of HIV-associ-
ated nephropathy,4 especially because the kid-
neys are a reservoir for HIV nucleic acids, even 
during therapy50; however, the importance of 
such agents in reducing kidney disease has not 
been shown in well-controlled, randomized, 
clinical trials. Before the introduction of anti-

retroviral therapy, HIV-associated nephropathy 
typically progressed rapidly to end-stage renal 
disease10; subsequently, HIV-associated nephrop-
athy was considered to be an indication to initi-
ate antiretroviral therapy.51 This approach has 
been superseded by a preventive approach in 
which antiretroviral treatment is recommended 
for all HIV-infected persons; such treatment may 
prevent HIV-associated nephropathy from pro-
gressing.52 Studies in sub-Saharan African popu-
lations showed increased glomerular filtration 
rates in affected patients after 2 to 5 years of 
antiretroviral therapy.53,54 Patients with reduced 
glomerular filtration rates may require dose ad-

Figure 2. Pathogenesis of HIV-Associated Nephropathy.

The pathogenesis of HIV-associated nephropathy involves the complex interaction of host and environmental fac-
tors, pathogen characteristics, and patient access to antiretroviral therapy. In most cases, kidney disease does not 
develop in persons who have two APOL1 risk alleles, which suggests that other factors are necessary to transform 
genetic risk into expression of kidney disease, such as environmental factors, coinfections, coexisting medical ill-
nesses, or treatment effects. HIV-associated nephropathy is unique in that treatment plays a key role in mediating 
expression of nephropathy. Increased APOL1 gene expression, stimulated by interferon, may be sufficient to induce 
glomerulopathy. Additional factors may synergize with APOL1 variants, in which case APOL1 variants could be seen 
as susceptibility factors. APOL1 variants probably damage podocytes and other renal cells. Although injury mecha-
nisms are not well understood, evidence points to alterations in ion flux across the plasma membrane; altered endoly-
sosomal, mitochondrial, and autophagic function; and increased cellular inflammatory pathways, including activation 
of protein kinase R and effects of interferon as key pathogenic factors.
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justments of antiretroviral medications, especially 
nucleoside reverse transcriptase inhibitors.55

Glucocorticoids may play a role in the treat-
ment of HIV-associated nephropathy, but sup-
porting evidence is limited.10,56 Patients with 
histologic evidence of dense tubulointerstitial 
inflammatory infiltrates may be more likely to 
benefit. Physicians should carefully consider the 
risks and benefits when prescribing immunosup-
pressive therapy to immunocompromised hosts.

Renin–angiotensin pathway antagonists may 
help decrease proteinuria and slow progressive 
fibrosis.4,10,51 Such therapy in transgenic mouse 
models of HIV-associated nephropathy slowed 
the progression of glomerular and tubular dis-
ease.57,58 Evidence-based blood-pressure goals 
for HIV-associated nephropathy — which are 
important to set when antagonists of the renin–
angiotensin pathway are used — have not been 
established, but the goals may mirror those for 
other proteinuric kidney diseases.

HI V-Associ ated Immune-Medi ated 
K idne y Dise a se

Since the beginning of the HIV pandemic, pro-
liferative glomerulonephritides have constituted 
a substantial proportion of cases of HIV-associ-
ated kidney disease.10,27,28,49,59-63 Studies of renal-
biopsy specimens from U.S. patients with HIV 
infection have shown that the proportion of 
glomerular diseases other than HIV-associated 
nephropathy has increased over the past two 
decades.49,60 Although it is likely that selection 
bias is a factor in renal-biopsy registries, HIV 
immune-mediated kidney disease has become 
the most common histopathological diagnosis 
in several studies of biopsy specimens from HIV-
infected patients.49 The reasons underlying the 
increasing relative prevalence of HIV immune-
mediated kidney disease are unknown but may 
reflect modulation of the immune system in-
duced by antiretroviral therapy, which can lead 
to immune reconstitution and immune-complex 
deposition, or it could be due to the decline in 
the incidence of HIV-associated nephropathy.49 
According to current thinking, the pathogenesis 
of HIV immune-mediated kidney disease involves 
the following distinct mechanisms: specific anti-
body responses to HIV epitopes and polyclonal 
gammopathy, both of which result in the forma-

tion of circulating immune complexes that are 
deposited in the glomerular capillary tuft, and 
in situ deposition of antibodies that bind to glo-
merular antigens and activate complement.49,61,62

Types of HIV immune-mediated kidney dis-
ease include diverse renal histologic manifes-
tations — HIV-associated IgA nephropathy, 
postinfectious glomerulonephritis, lupus-like glo-
merulonephritis, membranoproliferative glomer-
ulonephritis, cryoglobulinemic glomerulonephri-
tis, mesangial proliferative glomerulonephritis, 
membranous nephropathy, and other conditions 
that are usually characterized by glomerular 
hypercellularity, inflammation, and varying de-
grees of fibrosis and scarring (Table 1).49,59,61-63 
Clinical features include proteinuria (often in 
the subnephrotic range), reduced glomerular 
filtration rate (usually with a progressive course), 
hypocomplementemia, and abnormal urinary 
sediment (typically with hematuria and red-cell 
casts).49 Although it is difficult in clinical set-
tings to determine whether a glomerular disease 
is intrinsically linked to the viral infection, clini-
cal and experimental evidence exists to confirm 
the relationship of specific HIV-associated circu-
lating immunoreactants, including idiotypic anti-
bodies and antibodies directed against gp120, 
gp41, and p24, with the development of glomeru-
lonephritis.49,61,62 Coinfection with other patho-
gens, such as hepatitis C virus, may influence 
the pathogenesis of HIV immune-mediated kid-
ney disease.49 Immune-mediated mechanisms 
may also underlie inflammatory cellular infiltra-
tion, causing tubulointerstitial renal diseases 
such as diffuse infiltrative lymphocytosis.64

Renal biopsy is necessary to establish a di-
agnosis of HIV immune-mediated kidney dis-
ease.49,65 Determining precise etiologic relation-
ships between the virus, immune system, and 
kidney injury in a particular patient requires re-
search methods, such as immunoanalyses of 
tissue proteins, that are not usually possible in 
a clinical setting.49 The most effective treatment 
of HIV immune-mediated kidney disease in the 
absence of evidence from randomized, controlled 
trials is unknown but should include antiretro-
viral therapy. The role of immunosuppression in 
the treatment of HIV immune-mediated kidney 
disease is controversial. In patients with cres-
centic glomerulonephritis, immunosuppression 
with glucocorticoids with or without additional 
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immunomodulatory therapy may be appropriate 
if there is no contraindication.49

Thrombo tic Microa ngiopath y  
in HI V-A sso ci ated R ena l Dise a se

Thrombotic microangiopathy is another cause of 
renal disease associated with HIV infection66,67; 
this condition manifests as thrombocytopenia 
and microangiopathic hemolytic anemia, with or 
without neurologic deficits and fever. Examina-
tion of peripheral-blood smears to detect schisto-
cytes and reduced serum haptoglobin level help 
in determining the diagnosis. Urinalysis often 
reveals hematuria and proteinuria. HIV has indi-
rect cytopathic effects that precipitate endothe-
lial injury, leading to thrombotic microangiop-
athy. HIV p24 antigen has been identified in 
endothelial cells of patients with thrombotic 
microangiopathy.68 Coexisting medical condi-
tions, including opportunistic infections and 
malignant conditions, or antiretroviral therapy 
may also be involved in the pathogenesis of 
thrombotic microangiopathy.

The development of thrombotic microangiopa-
thy is associated with high plasma HIV viral 
loads and decreased CD4 counts.68,69 The preva-
lence of thrombotic microangiopathy in the 
United States has decreased over the past two 
decades, with the decrease probably attributable 
to effects of antiretroviral therapy.66,67 Therapeu-
tic options for HIV-associated thrombotic micro-
angiopathy include treatment of the underlying 
viral infection and plasma exchange. Eculizumab 
has been successfully used to treat thrombotic 
microangiopathy that is resistant to plasma ex-
change.70 In the absence of data from random-
ized, controlled trials, immunosuppression for 
refractory thrombotic microangiopathy should 
be considered only after the potential risks and 
benefits in immunocompromised patients are 
carefully weighed.

O ther Chronic K idne y Dise a ses 
in Patien t s w i th HI V Infec tion

Prolonged therapy with antiretroviral drugs has 
been associated with both increased life expec-
tancy 2,3,5 and the development of the metabolic 
syndrome, diabetes mellitus, and hypertension.69 
As a result, there is an increased prevalence of 

chronic medical conditions associated with renal 
disease in HIV-infected patients as well as in the 
general population.11-14,51 Studies of renal-biopsy 
specimens from HIV-infected patients suggest 
that the prevalences of diabetic nephropathy, 
hypertension-associated arterionephrosclerosis,60 
and noncollapsing focal segmental glomerulo-
sclerosis60,71 are increasing because these patients 
are living longer and these common proteinuric 
chronic kidney diseases have the opportunity 
to develop.60 Accelerated aging associated with 
chronic HIV infection may drive glomerular and 
vascular changes that are synergistic with diabe-
tes, hypertension, and APOL1 variants (Fig. 2); 
however, further studies are required to estab-
lish causal relationships. The effect of improved 
glycemic and blood-pressure control on renal 
outcomes in this patient population is unknown.

Drug -Induced T ubul a r  
a nd In ter s ti ti a l R ena l Inj ur y

Renal disease may develop or worsen during anti-
retroviral therapy, which often presents diag-
nostic challenges. Antiretroviral therapy can be 
associated with nephrotoxic effects, including 
acute and chronic renal disease.69,72 The protease 
inhibitors indinavir and atazanavir are insoluble 
in alkaline urine and promote crystalluria and 
occasionally crystal nephropathy.72 The use of 
medication algorithms73,74 may reduce nephro-
toxic effects in populations of HIV-infected pa-
tients. The diagnosis of crystal nephropathy and 
granulomatous interstitial nephritis is confirmed 
by renal biopsy (Fig. S3 in the Supplementary 
Appendix).65,72,75 Treatment of crystal nephropa-
thy involves changing the patient’s antiretroviral 
regimen, since alternative antiretroviral regimens 
are almost always available. Glucocorticoids have 
been used in uncontrolled studies to treat the 
associated interstitial nephritis, but results have 
been inconsistent.

Tenofovir disoproxil fumarate, which is cleared 
by the kidneys through glomerular filtration and 
active proximal renal tubular secretion, is a first-
line HIV therapy. Tenofovir disoproxil fumarate 
enters tubular cells from the pericellular space 
through organic anion transporters 1 and 3 and is 
secreted into the tubular lumen through multi-
drug resistance proteins 2 and 4 and the breast 
cancer resistance protein 4 (Fig. 3).76 Tenofovir 
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disoproxil fumarate can cause renal tubular dys-
function, which leads to Fanconi’s syndrome, 
nephrogenic diabetes insipidus, acute tubular 
necrosis, and ultimately chronic kidney disease 
(Figs. S4 and S5 in the Supplementary Appendix).4

Fanconi’s syndrome induced by tenofovir diso-
proxil fumarate results from the intracellular 
accumulation of the drug’s metabolites that oc-
curs because of the relatively efficient uptake of 
tenofovir disoproxil fumarate into the proximal 
tubular cell through organic anion transporters 
and the less efficient eff lux from the proximal 
tubular cell through multidrug resistance pro-
teins. Its proximal tubular cell efflux is also in-
hibited by commonly used antiretroviral medica-
tions, including ritonavir, thus increasing the 
risk of toxic effects.

The prodrug tenofovir alafenamide is associ-

ated with fewer nephrotoxic effects. Tenofovir 
alafenamide is not a substrate for organic anion 
transporters 1 and 3 and thus does not accumu-
late in proximal tubular cells to the extent that 
tenofovir disoproxil fumarate does.77 Tenofovir 
alafenamide has more potent anti–HIV-1 activity 
and increased intracellular accumulation than 
tenofovir disoproxil fumarate, which yields lower 
levels of tenofovir in plasma.76

The development of the immune reconstitu-
tion syndrome after initiation of antiretroviral 
therapy may be associated with acute kidney 
injury.78 Renal pathologic features of the im-
mune reconstitution syndrome include dense 
interstitial infiltrates that result from immune 
system reactivation. The immune reconstitution 
syndrome and the diffuse infiltrative lymphocy-
tosis syndrome64 should be considered in the dif-

Figure 3. Handling of Tenofovir by Proximal Tubular Cells.

Tenofovir disoproxil fumarate is taken up by the organic anion transporters 1 and 3 on the basolateral membrane of the proximal tubu-
lar cell and secreted into the tubular lumen through the multidrug resistance proteins 2 and 4. The newer agent, tenofovir alafenamide, 
is not a substrate for organic anion transporters 1 and 3 and thus has less cellular uptake, which probably accounts for its having less 
nephrotoxicity than tenofovir disoproxil fumarate, as reported previously.76,77 Intracellular accumulation of tenofovir can cause mitochon-
drial toxic effects and proximal tubular injury, which can lead to Fanconi’s syndrome. Clinical characteristics include proteinuria, normo-
glycemic glucosuria, hypophosphatemia and phosphaturia, aminoaciduria, and uricosuria and hypouricemia. Nephrogenic diabetes in-
sipidus and acute tubular necrosis have also been described.72,76
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ferential diagnosis of tubulointerstitial nephritis 
in HIV-infected patients who are receiving anti-
retroviral therapy (Table 1).

Measurement of urinary biomarkers has been 
reported to be useful in the early detection of 
nephrotoxic effects.79-81 Patients with longer cumu-
lative exposure to tenofovir disoproxil fumarate 
were shown to have progressively higher urinary 
α1-microglobulin levels, whereas patients whose 
treatment was discontinued had progressively 
lower levels — a finding that highlights the 
promise of urinary proteomics in the detection 
of early renal tubular injury.81

Di agnosis a nd M a nagemen t  
of Chronic K idne y Dise a se

Determining the cause of incipient and progres-
sive renal disease in patients with HIV infection 
who are receiving antiretroviral therapy may be 
difficult. Clues can be found in the amount and 
character of urine protein excretion and in the 
urine sediment (Fig. 1). A renal biopsy may be 
necessary to determine diagnosis, prognosis, 
and management.65

Screening for chronic kidney disease is rec-
ommended in persons with newly diagnosed 
HIV infection51 and includes urinalysis and mea-
surement of serum creatinine concentration and 
urine protein and albumin levels in random 
urine samples. When the ratio of protein to 
creatinine is elevated in the urine, higher urine 
albumin-to-protein ratios help to distinguish 
glomerular from tubular proteinuria. Urine dip-
stick testing was shown to be less sensitive than 
quantitative urine protein measurement for iden-
tifying renal disease in HIV-infected patients.82 
Taken together, the estimated glomerular filtra-
tion rate and the urine albumin-to-creatinine 
ratio provide a means to determine the stage of 
chronic kidney disease and may yield important 
prognostic and therapeutic guidance.83

The effect of antiretroviral therapy on the 
progression of chronic kidney disease was evalu-
ated in an observational cohort.84 Antiretroviral 
therapy was associated with slower progression 
of chronic kidney disease, as assessed by the 
estimated glomerular filtration rate. Black race, 
lower CD4 count, higher HIV viral loads, hepati-
tis C virus coinfection, and particular antiretro-
viral medications, including tenofovir disoproxil 

fumarate and ritonavir-boosted protease inhibi-
tors, were associated with an increased risk of 
disease progression.

Di a lysis  a nd HI V Infec tion

The life expectancy of patients with HIV-associ-
ated end-stage renal disease has increased mark-
edly over the past 20 years.32 Although the inci-
dence of HIV-associated end-stage renal disease 
has plateaued, the prevalence of HIV-infected 
patients undergoing dialysis in the United States 
continues to increase.32 Survival among patients 
with HIV infection who undergo dialysis is simi-
lar to that among patients without HIV infec-
tion who undergo dialysis.32 Survival among HIV-
infected patients does not differ between those 
who undergo peritoneal dialysis and those who 
undergo hemodialysis.85 Standard universal pre-
cautions apply to HIV-infected patients undergo-
ing dialysis, and these patients do not require 
isolation. Peritoneal dialysate from HIV-infected 
persons should be considered to be a contami-
nated body fluid, because HIV can survive in the 
effluent and tubing for variable periods.86

K idne y Tr a nspl a n tation  
a nd HI V Infec tion

A dramatic advance in the care of patients with 
HIV-associated end-stage renal disease occurred 
after kidney transplantation was shown to be via-
ble.50,87,88 Although the rates of acute rejection are 
higher among HIV-infected transplant recipients 
than among other kidney transplant recipients, 
outcomes with respect to patient and allograft 
survival are similar.87,88 Candidates for renal 
transplantation who have HIV infection should 
have CD4 counts higher than 200 cells per cubic 
millimeter and undetectable viral loads.87 Inter-
actions between antiretroviral drugs and the im-
munosuppressive drugs needed to prevent allo-
graft rejection necessitate close monitoring of the 
immunosuppressive drug level.

Findings from a recent study suggest that kid-
neys from donors with variant APOL1 alleles are 
associated with poorer recipient outcomes than 
kidneys from donors without the variant alleles, 
but the role of genetic screening needs clarifi-
cation.89 The HIV Organ Policy Equity (HOPE) 
Act allows the transplantation of kidneys and 
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other organs from HIV-infected donors to HIV-
positive recipients under the auspices of a re-
search program,90 thereby potentially increas-
ing the donor pool.91

Conclusions

The spectrum of HIV-associated kidney disease 
has changed over the past three decades owing 
to far better therapy for HIV infection. During 
this period, evidence of nephrotoxic effects of 
antiretroviral therapy and the prevalence of kid-
ney diseases resulting from aberrant metabolism 
and aging have increased. HIV-associated ne-
phropathy, although much less frequent now 
than 20 years ago, is currently understood to 
arise from complex interactions among the virus 
(renal-cell infection and the effect of viral pro-
teins), host genotype, host response (interferon 
production), and perhaps most importantly, effec-
tive treatment.

There is increasing recognition of a subgroup 

of HIV-infected patients with immune-complex 
renal disease, which may be more prevalent as a 
result of generally successful HIV therapy. Kid-
ney transplantation holds promise to increase 
the quantity and quality of life for patients with 
HIV infection in whom end-stage renal disease 
develops. Additional research, including well-
designed randomized, controlled trials, is need-
ed to determine effective therapeutic approaches 
to treating the diverse renal manifestations of 
HIV infection and improve the outcomes of 
treatment.
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