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Abstract: Despite the decreased incidence of human immunodeficiency virus (HIV)-

associated nephropathy due to the widespread use of combined active antiretroviral therapy, 

it remains one of the leading causes of end-stage renal disease (ESRD) in HIV-1 seropositive 

patients. Patients usually present with low CD4 count, high viral load and heavy proteinuria, 

with the pathologic findings of collapsing focal segmental glomerulosclerosis. Increased 

susceptibility exists in individuals with African descent, largely due to polymorphism in 

APOL1 gene. Other clinical risk factors include high viral load and low CD4 count. Advanced 

kidney disease and nephrotic range proteinuria have been associated with progression to 

ESRD. Improvement in kidney function has been observed after initiation of combined active 

antiretroviral therapy. Other treatment options, when clinically indicated, are inhibition of 

the renin–angiotensin system and corticosteroids. Further routine management approaches 

for patients with chronic kidney disease should be implemented. In patients with progression 

to ESRD, kidney transplant should be pursued, provided that viral load control is adequate. 

Screening for the presence of kidney disease upon detection of HIV-1 seropositivity in high-

risk populations is recommended. 
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Introduction
Kidney disease is among the major causes of morbidity and mortality in human 

immunodeficiency virus (HIV)-1 positive individuals.1 HIV-associated nephropathy 

(HIVAN) is one of the most important causes of end-stage renal disease (ESRD) in 

this population. Factors such as African American ancestry, APOL1 polymorphisms, 

comorbidities, high viral load, low CD4 count, advanced kidney disease and nephrotic 

range proteinuria have been associated as risk factors for the development of HIVAN 

and its progression to ESRD.2 Concurrent with the widespread use of combined anti-

retroviral therapy (cART),  prevalence of kidney disease in HIV-1 positive individuals 

has been increasing and is expected to rise further as a result of aging population and 

improved patients’ survival. Existing management options for HIVAN range from 

cART, blockade of the renin–angiotensin system and steroids to renal replacement 

therapy with dialysis and, most recently, kidney transplant. In this review, we describe 

the trends in development of HIVAN and its currently accepted pathophysiology. An 

extensive PubMed review of the literature of HIV and associated kidney disease was 

performed. We will explore how the understanding of HIVAN has developed since its 

first description to the latest one. 
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Pathophysiology
HIVAN is pathologically characterized by a collapsing 

glomerulopathy with active tubulointerstitial inflammation. 

The collapse of glomerular basement membranes is usu-

ally observed, along with hypertrophy and hyperplasia of 

the overlying glomerular epithelial cells, as well as active 

tubulointerstitial disease manifested by microcytic tubular 

dilatation, interstitial inflammation and tubular injury (Fig-

ure 1). HIVAN presents clinically with a rapid rise in serum 

creatinine (sCr) and proteinuria.3,4 Other glomerular disorders 

can have a clinical presentation comparable to that of HIVAN 

and should be considered in this population (Table 1).

Links and risks
Host factors
African ancestry and genetic predisposition
HIVAN predominantly affects HIV-1 positive individuals of 

African ancestry and its prevalence has been estimated to be 

as high as 3.5% in clinical studies.5 According to a cohort from 

1989 to 2011 of the United States Renal Data System, 89% of 

patients with ESRD from HIVAN were African Americans.6 

While the incidence of ESRD in HIV-positive individuals has 

decreased over time due to the widespread use of combined 

antiretroviral therapy (cART), HIV-positive individuals are still 

more likely than HIV-negative individuals to develop ESRD.

The increased risk in west African and African American 

populations has been demonstrated to be driven by poly-

morphisms in the APOL1 gene, as described by Genovese 

et al.7 Two APOL1 risk alleles, G1 (containing two missense 

mutations, rs73885319 and rs60910145) and G2 (a frameshift 

deletion rs71785313), at the serum resistance–associated 

interacting-domain-encoding region of APOL1 increase the 

susceptibility for the development of HIVAN.8 These two 

alleles appear to have arisen adaptively, possibly as a result 

of their protective effects against trypanosomal infections. 

Trypanosoma brucei rhodesiense, the cause of human Afri-

can sleeping sickness, carries a serum resistance–associated 

protein that binds and inactivates the wild-type APOL1, 

preventing this from lysing the trypanosome.9 Individu-

als with two copies of the high-risk alleles have 29 times 

higher odds of developing HIVAN, as compared to those 

with zero risk alleles (odd ratio: 29, 95% CI, 13–68).8 Until 

recently, the lack of animal models represented a major 

challenge to demonstrate the pathogenic effect of APOL1 

risk alleles, since the APOL1 gene is only present in some 

primates and humans. The G1 allele was found in 52% of 

focal segmental glomerulosclerosis (FSGS) compared to 

18% in geographically matched African American controls 

without kidney disease. The G2 allele, in contrast, was noted 

in 23% of FSGS cases compared to 15% in controls.7 APOL1 

risk variants were associated with progression of kidney 

disease in a cohort of non-diabetic African Americans with 

hypertension-attributable kidney disease, regardless of blood 

pressure control target or antihypertensive agent.10

In vivo, mice with podocyte-specific expression of either 

APOL1 risk alleles develop albuminuria, foot-process efface-

ment, glomerulosclerosis and gene expression changes remi-

niscent of human kidney disease.11 Although the mechanism by 

Figure 1 HIV-associated nephropathy.
Notes: (A) Collapsing glomerulopathy. The glomerular tuft is collapsed and marked 
podocyte hypertrophy is observed. Podocytes show marked protein overload. Light 
microscopy, silver-stained section, 200× magnification. (B) Diffuse podocyte injury 
with complete foot process effacement and focal microvillous transformation. A 
tubuloreticular inclusion is observed in an endothelial cell (box). Scanning electron 
microscopy, 6000× magnification.

Table 1 Differential diagnosis of HIV-associated nephropathy

•	 HIV-associated immune complex kidney disease
•	 Membranoproliferative glomerulonephritis (associated with 

concurrent hepatitis C infection)
•	 Classic FSGS
•	 Amyloidosis
•	 Minimal change disease
•	 Post-infectious glomerulonephritis
•	 Thrombotic microangiopathy
•	 Diabetic nephropathy
•	 Immunoglobulin A nephropathy
•	 Membranous glomerulopathy

Abbreviations: FSGS, focal segmental glomerulosclerosis; HIV, human 
immunodeficiency virus.
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which APOL1 variants cause kidney disease is not well defined, 

several studies have suggested several potential mechanisms.

In vitro studies by Granado et al12 showed that APOL1 

proteins localize intracellularly, predominantly in the endo-

plasmic reticulum and to a lesser extent in the mitochondria 

in podocyte cells. In comparison to the G0 wild-type variant, 

in vitro overexpression of G1 and G2 led to an increase in 

phosphorylation of stress-triggered kinases such as the p38 

MAPK and AMP-activated protein kinase. This ultimately led 

to adenosine triphosphate depletion and increased cytotoxic-

ity, indicating APOL1-associated cellular injury is induced 

by decreased functioning at these particular sites. In another 

study using T-Rex-293 cells lines, overexpression of G1 or 

G2 APOL1 risk variants led to an apparent cell swelling, 

potassium depletion and activation of stress-activated protein 

kinases, resulting in a dose-dependent cell injury.13 Most 

recently, Ma et al demonstrated in vitro that overexpression 

of G1 and G2 alleles led to impaired mitochondrial function, 

resulting in cell injury and death characterized by intracel-

lular potassium depletion.14 The authors postulated that this 

could be due to disruption of the sodium–potassium ATPase 

activity and with changes in membrane potential, a cascade of 

events can ensue leading ultimately to cell injury and death.

Another novel mechanism for APOL1-induced kidney 

injury in vivo used a transgenic Drosophila fly line express-

ing G0 vs G1 variants, which resulted in nephrocyte hyper-

trophy and accelerated cell death.15 The authors note that 

the Drosophila nephrocyte has a very similar structural and 

functional homology to mammalian podocytes, which has 

been the target of previous in vitro research. Finally, a group 

led by Kruzel-Davila showed another potential pathway to 

cell injury via impaired vacuole acidification and impaired 

endosomal trafficking using Drosophila melanogaster and 

the yeast Saccharomyces cerevisiae.16

The strong associations of the APOL1 risk alleles have 

been described in multiple case–control and population stud-

ies of kidney disease in patients with ESRD, FSGS, HIVAN 

and hypertension-attributed nephropathy. This association has 

more recently been extended to certain glomerulopathies such 

as systemic lupus erythematosus, membranous nephropathy 

and diabetic kidney disease (Figure 2).17 However, currently, 

the possible association of APOL1 risk alleles with these 

glomerulopathies may not represent development of the 

specific glomerulopathy per se, but rather APOL1-associated 

glomerulopathies (e.g., FSGS in a patient with systemic lupus 

erythematosus) and requires further investigation.

Figure 2 Spectrum of APOL1-associated kidney diseases.
Abbreviations: ESRD, end-stage renal disease; FSGS, focal segmental glomerulosclerosis; HIVAN, human immunodeficiency virus-associated nephropathy.
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Male sex and age
Previous studies have shown that individuals with HIVAN are 

predominantly male. Based on the data from United States 

Renal Data System, 70% of ESRD patients with HIVAN were 

male. While older age has been reportedly associated with 

HIVAN,18,19 median age among several other studies appears 

to be from 35 to 48 years.6,20,21 However, studies have failed to 

show a direct correlation between gender or age and HIVAN. 

Heavy proteinuria
Classically, HIVAN presents with rapidly declining glomeru-

lar filtration rate (GFR) and nephrotic range proteinuria. In 

one study characterizing 57 patients with HIVAN on kidney 

biopsy, mean proteinuria was 4.1 g/day and only 14% of the 

patients had proteinuria <1.5 g/day.22 Atta et al established that 

the sensitivity and specificity of nephrotic range proteinuria 

for identifying HIVAN in HIV-positive individuals were 73% 

and 61%, respectively.23 A summary of the risk factors and 

predictors of HIVAN and its progression is listed in Table 2.

Comorbidities – diabetes mellitus and hypertension
Diabetes mellitus and hypertension have been reported as 

the most frequent causes of chronic kidney disease (CKD) in 

the US general population, increasing the CKD risk almost 

10-fold and accounting for 71% of all cases of ESRD.24,25 

Diabetes and hypertension are increasingly frequent, and are 

potential drivers for CKD progression in individuals with 

coexisting HIVAN. Several studies have shown increased 

odds of diabetes and hypertension in HIV-positive individu-

als compared to seronegative controls.26–30 Furthermore, in 

cross-sectional and cohort studies, the prevalence of hyper-

tension and diabetes approaches 55% and 20%, respectively. 

A possible explanation of this is that the use of ART can 

lead to altered lipid metabolism, dysregulation of glucose 

control and lipodystrophy, which are traditional risk factors 

that contribute to the development of CKD.31

Reduced kidney function or estimated GFR (eGFR) 
<90 mL/min/1.73 m2

Due to the rapid progressive course of HIVAN, kidney func-

tion may be severely reduced at the time of diagnosis. Bige 

et al reported severely impaired kidney function in their 

cART-treated patient population, with a median eGFR of 20 

mL/min/1.73 m2.22 Higher sCr at the time of presentation in 

HIV-positive patients is also associated with the diagnosis of 

HIVAN. In a study that included 87 patients, mean baseline 

sCr in patients with HIVAN was 7.6 mg/dL compared with 

2.5 mg/dL in patients without HIVAN,32 and can be a strong 

negative predictor for HIVAN diagnosis.33

Viral factors
Advanced HIV disease (low CD4, high viral load)
Advanced HIV-1 infection is often found in patients with 

HIVAN. Based on the results of two studies, ~80%–90% of 

the patients who present with HIVAN have a CD4-positive 

T-cell count <200 cells/mm3.31,34 In a 57-patient study with 

biopsy-proven HIVAN, the mean HIV viral load was >30,000 

copies/mL and the mean CD4 count was 127 cells/mm3.22 

HIV-1 RNA levels can help in suggesting the emergence 

of HIVAN in a patient with typical clinical presentation or 

otherwise its absence if HIV-1 RNA level is <400 copies/

mL.35 HIV-1 RNA level of ≥400 copies/mL resulted in a 

high sensitivity of 95.8%, but with a low specificity of 35.5% 

for the diagnosis of HIVAN. Moreover, intracellular HIV-1 

proviral DNA level in peripheral blood mononuclear cells 

may also predict the likeliness of developing HIVAN. An 

intracellular HIV-1 proviral DNA level <10 copies/ml had 

a negative predictive value and sensitivity of 100% for the 

diagnosis of HIVAN.36

HIV infection of renal cells
The pathogenesis of HIV-associated kidney disease is poorly 

understood. The proposed mechanisms include direct infec-

tion of renal parenchymal cells and indirect injury to the 

kidney by renal cellular uptake of circulating virally encoded 

molecules or indirect injury through the release of cytokines. 

Also, multiple mechanisms might be involved when differ-

ent HIV variants are present.37 However, the mechanism by 

which HIV-1 enters these cells has not been identified. Renal 

tubular cells do not express any of the known HIV-1 receptors 

(CD4, CCR5, CXCR4, DC-sign or mannose receptors).37,38 

A previous study assessing the role of DEC-205 as an HIV-1 

receptor in mediating internalization of the virus into renal 

tubular cells has been proposed.39

Management
Currently, there are no randomized controlled trials that 

address the management of HIVAN. Most of the treatment 

options including cART, inhibition of renin–aldosterone 

Table 2 Risk factors and predictors of HIV-associated nephropathy

•	 Black race5,6

•	 G1/G2 high-risk alleles for APOL17–9

•	 CD4 count <200/mL, high viral load >400 copies/mL29,32–34

•	 Proteinuria >3 g/day20,21

•	 eGFR <90 mL/min, serum creatinine elevated from baseline20,30,31

Abbreviations: eGFR, estimated glomerular filtration rate; HIV, human 
immunodeficiency virus.
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system and corticosteroids are based on retrospective studies 

and small non-randomized trials (Table 3).

Combined active ART
Clinical practice guidelines recommend ART initiation in 

all HIV-positive individuals, regardless of their CD4 count. 

HIVAN generally affects patients with advanced HIV-1 infec-

tion who would require treatment regardless of renal involve-

ment, making it difficult to perform randomized clinical trials 

to evaluate the efficiency of cART in this population. Thus, 

evidence-based recommendations for cART in patients with 

HIVAN come mainly from observational or retrospective 

Table 3 Summary of previous studies regarding management

Management Author, journal, 
year of study

Patient 
population

Type of 
study

Outcome Reference

cART Atta MG, Gallant 
JE, Rahman MH, 
et al. Nephrol Dial 
Transplantat. 2006

263 consecutive 
HIV-infected 
patients

Retrospective Renal survival was significantly better in the group 
receiving ART by both univariate (p=0.025) and 
multivariate analyses (p<0.05), compared with no 
treatment

40

Lucas GM, Eustace JA, 
Sozio S, Mentari EK, 
Appiah KA, Moore 
RD. AIDS. 2004

4000 HIV-positive 
patients, clinical 
diagnosis of HIVAN

12-year cohort 
study

The HIVAN risk was reduced to 60% (95% CI, 
−30% to −80%) by use of HAART

39

ACE inhibitors/
ARB

Kimmel PL, Mishkin 
GJ, Umana WO. Am J 
Kidney Dis 1996

18 patients with 
biopsy-proved 
HIVAN

Case–control 
study

Renal survival was significantly enhanced in 
patients treated with captopril vs controls (mean 
renal survival 156±71 vs 37±5 days, respectively; 
p<0.002)

42

Wei A, Burns GC, 
Williams BA, et al. 
Kidney Int 2003

44 patients with 
biopsy-proven HIV

Prospective 
study

Longer renal survival for HIV-positive patients 
treated with fosinopril as compared to untreated 
patients (relative risk: 0.003; p<0.0001)

43

Corticosteroids Eustace JA, 
Nuermberger E, 
Choi M, Scheel PJ, Jr, 
Moore R, Briggs WA. 
Kidney Int. 2000

21 patients with 
biopsy-proved 
HIVAN

Retrospective 
cohort

The relative risk (95% CI) for progressive 
azotemia with corticosteroid treatment at 3 
months was 0.20 (0.05, 0.76, p<0.05). A limited 
course of corticosteroid therapy in selected 
patients was beneficial and safe

45

Laradi A, Mallet A, 
Beaufils H, et al. J Am 
Soc Nephrol. 1998

102 patients with 
biopsy-proven 
HIVAN

Retrospective 
study

Delay in the initiation of hemodialysis was 
observed. The proportion of patients free of 
dialysis at 0.5, 1 and 3 years was 73%±5%, 60%±7% 
and 18%±10%, respectively

46

Kidney 
transplantation

Stock PG, Barin B, 
Murphy B, et al. N 
Engl J Med 2010 

150 HIV-positive 
patients

Multicenter, 
prospective 
non-
randomized, 
3-year trial

A higher-than-expected rejection rate was 
observed, with 1- and 3 year estimates of 31% 
(95% CI, 24–40) and 41% (95% CI, 32–52), 
respectively

53

Waheed S, Sakr A, 
Chheda ND, et al. 
PLoS ONE. 2015

11 patients with 
biopsy-proven 
HIVAN 

Retrospective 
analysis

Delayed graft function: 64%; required 
postoperative dialysis within 1 week of transplant: 
54%. Graft survival rates at 1 and 3 years were 
100% and 81%, respectively, and acute rejection 
rates at 1 and 3 years were 18% and 27%, 
respectively

54

Muller E, Barday Z, 
Mendelson M, et al. 
N Engl J Med. 2015

27 HIV-positive 
patients

Prospective 
non-
randomized 
study

Rejection rates were 8% at 1 year and 22% at 
3 years

55

Muller E, Barday Z.
J Am Soc Nephrol. 2018

43 kidneys from 
25 HIV-positive 
deceased donors 
transplanted into 
HIV-positive 
patients

Prospective, 
non-
randomized 
study

Since 2008, 43 kidneys from 25 HIV-positive 
deceased donors have been transplanted into 
patients who are HIV positive in Cape Town, 
South Africa
Only one recipient experienced an increased viral 
load after the transplant, which was related to a 
period of noncompliance on her medication

57

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ART, active antiretroviral therapy; cART, combined active antiretroviral therapy; 
HAART, highly active antiretroviral therapy; HIV, human immunodeficiency virus; HIVAN, HIV-associated nephropathy.
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studies. In a retrospective cohort study that included patients 

with HIVAN not on dialysis, renal survival was significantly 

better in the patients treated with cART compared to patients 

with no treatment.40 In a cohort of 4000 patients with HIV, 

the difference in incidence rate of HIVAN in those receiving 

and not receiving cART was 19.6 per 1000 patients per year 

(26.4 vs 6.8 per 1000 patients per year). The HIVAN risk 

was reduced by 60% (95% CI, −30% to −80%) with cART.41 

Notably, Post et al followed a large cohort of HIV-positive 

patients from 1998 to 2004, of whom 61 were diagnosed 

with HIVAN (45 biopsy proven).42 These authors showed 

that despite improvement in overall survival with the use of 

cART, renal survival remained poor, with 34 patients reach-

ing ESRD, including even those who had achieved complete 

viral suppression. However, as pointed out by the authors, 

most of these patients already had advanced renal failure 

at the time of HIVAN diagnosis; also, there was no control 

untreated group in this study. 

Renin–angiotensin–aldosterone system blockade
No randomized trials of renin–angiotensin–aldosterone sys-

tem blockade in patients with HIV-related CKD have been 

conducted. Most studies concerning the use of angiotensin-

converting enzyme (ACE) inhibitors/angiotensin receptor 

blockers (ARBs) have been extrapolated from studies in other 

glomerular diseases or from the pre-cART era. ACE inhibi-

tors/ARBs have been shown to be effective in CKD.43 Such 

protective effects are mainly due to decreased intraglomerular 

pressure, decrease in inflammatory mediators and reduction 

in proteinuria independent of blood pressure control.44 From 

the few studies addressing ACE inhibitors/ARBs, Kimmel 

et al studied 18 patients with biopsy-proven HIVAN, of whom 

nine patients were treated. They showed that renal survival 

was significantly enhanced in patients treated with capto-

pril vs controls (mean renal survival 156±71 vs 37±5 days, 

respectively; p<0.002).45 A subsequent study demonstrated 

significantly longer renal survival for HIV-positive patients 

treated with fosinopril as compared to untreated patients 

(relative risk: 0.003; p<0.0001).46

Treatment with ACE inhibitor/ARB is recommended, 

when clinically feasible, in HIV-positive individuals with 

confirmed or suspected HIVAN or clinically significant 

albuminuria (>30 mg/day in diabetic patients and >300 mg/

day in non-diabetic patients).47

Corticosteroids
Despite the lack of large randomized controlled trials to 

support steroid use in this population, the rationale behind 

steroid use in patients with HIVAN comes from the signifi-

cant tubulointerstitial inflammation shown on renal biopsy 

in these individuals. After steroid treatment, the inflamma-

tion was found to improve. In a small retrospective study 

including 21 HIV-positive individuals of whom 13 received 

prednisone 60 mg/day for 1 month, 7 remained dialysis free 

at 6 months compared to only 1 of the 8 non steroid treated 

individuals.48 In another retrospective cohort of 102 biopsy-

proven HIVAN cases, delay in the initiation of hemodialysis 

was seen in individuals who received prednisone at 1 mg/kg 

for 2–6 weeks. The proportion of patients free of dialysis at 

0.5, 1 and 3 years was 73%±5%, 60%±7% and 18%±10%, 

respectively.49 HIV Medicine Association of the Infectious 

Diseases Society of America clinical practice guidelines 

suggest that clinicians can consider corticosteroids as an 

adjunct to ART and ACE inhibitors or ARBs in biopsy-

confirmed HIVAN.47

Renal replacement therapy in HIVAN
Due to the rapid disease progression, HIVAN often advances 

to ESRD requiring renal replacement therapy, despite HIV 

treatment. Risk factors for the development of ESRD in HIV-

positive individuals include traditional risk factors such as 

hypertension, diabetes mellitus, cardiovascular disease and 

HIV-associated factors such as low CD4 counts and high 

HIV RNA levels.50 In a cohort study performed in Denmark, 

individuals with HIVAN showed a 4-fold increased require-

ment for any requirement for renal replacement therapy and 

a 3-fold increased requirement for chronic renal replacement 

therapy compared to the seronegative population, with no 

association to cART.51 Although some studies have suggested 

that overall long-term survival is possible in patients with 

HIVAN on dialysis, older age, presence of lower serum albu-

min level, low CD4 count and the lack of cART are indepen-

dent predictors of poor survival.52,53 Regarding the incidence 

of dialysis access infection, rates for prosthetic arteriovenous 

graft infection in HIV-positive patients and HIV-negative 

patients were 30% and 7%, respectively (p=0.04). Infec-

tion rates in autologous arteriovenous fistulas did not differ 

between the groups.54 Patient to patient transmission of HIV 

has not been documented in the USA, and thus, the Center 

for Disease Control does not recommend routine isolation or 

dedicated machines for HIV-infected patients, unless there 

is a coinfection with hepatitis B.55

Kidney transplantation 
An increasing number of HIV-positive individuals with 

ESRD are seeking kidney transplantation. A multicenter, 
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prospective, 3-year trial examined outcomes of kidney 

transplantation in 150 HIV-positive individuals who had 

CD4 counts of at least 200 cells/mL and undetectable HIV-1 

RNA levels (<50 copies/mL) or <75 copies/mL on viral load 

while receiving cART in the 16 weeks prior to transplanta-

tion. Median follow-up was 1.7 years. Unexpectedly, the 

study reported a higher rejection rate by 2–3-fold increase 

in HIV-positive individuals compared with HIV-negative 

individuals. However, the 1- and 3-year allograft survival 

was reasonable at 90% and 74%, respectively.56 Waheed et 

al examined transplant recipients with HIVAN and its impact 

on graft and patient survival in HIV-1 positive individuals 

who underwent kidney transplantation at a large tertiary care 

center from 2006 to 2014. They included 16 individuals with 

HIV-1 seropositivity who underwent kidney transplantation. 

Of these, 11 patients were identified to have biopsy-proven 

HIVAN as the primary cause of their ESRD. Seven (64%) 

individuals developed delayed graft function, of whom six 

(54%) required postoperative dialysis within 1 week of 

transplant. Graft survival rates at 1 and 3 years were 100% 

and 81%, respectively, and acute rejection rates at 1 and 3 

years were 18% and 27%, respectively.57

In recent years, kidney transplantation has been success-

fully implemented from HIV-positive donors to HIV-positive 

recipients, both in South Africa and in the USA.58,59 While 

HIV-negative donor to HIV-positive recipient kidney trans-

plantation has been carried out since 2001, the concerns 

regarding HIV-positive to HIV-positive transplantation 

include HIV superinfection, resistance to cART and potential 

recurrence of HIVAN, in addition to inferior outcomes in 

general.60 While short-term end points have shown promise, 

long-term outcome data have been somewhat lacking. A more 

recent study detailed the outcomes of kidney transplantation 

from a HIV-positive donor to a HIV-positive recipient from 

2008 to 2017,60 totaling 43 kidneys transplanted from 25 

HIV-positive deceased donors to HIV-positive recipients. 

Notably, 23 of the 25 deceased donors had not received 

any type of cART. Among the 43 recipients, 6 had protocol 

biopsies that were concerning for recurrent HIVAN. However, 

the authors argue that in certain areas of the world, including 

South Africa, the risk of shortened transplant kidney survival 

using HIV-positive donor kidneys far outweighs the risk of 

advanced CKD, given the lack of access to dialysis.

Routine CKD care – blood pressure control, 
vaccinations
Screening and early diagnosis of CKD will improve outcomes 

in patients who are HIV positive. From the renal standpoint, 

strategies for care in HIV-positive individuals should include 

measurement of blood pressure, kidney function (sCr, eGFR), 

urine examination of proteinuria, administration and monitor-

ing of cART and/or ACE inhibitors/ARBs. Patient should be 

referred to a nephrology service for early CKD management, 

predominantly to distinguish cART nephrotoxicity from 

other non-HIVAN–related kidney disorders, monitoring 

disease progression and complications and ultimately for 

timely preparation for dialysis and/or kidney transplanta-

tion. Establishing the level of kidney function is important 

in minimizing nephrotoxicity of cART, considering that 

the majority of patients worldwide receive tenofovir-based 

regimens as first-line therapy.  Moreover, given the broad 

differential diagnosis in HIV-1-positive individuals, a kidney 

biopsy may be an essential tool for evaluation.61 The high 

incidence of hypertension and diabetes mellitus in HIVAN 

underscores the importance of optimizing blood pressure 

and achieving glycemic control as a means of minimizing 

the rate of CKD progression. Thus, the The Eighth Joint 

National Committee (JNC8) Guidelines for Hypertension in 

adults have recommended target blood pressure of <140/90 

mmHg,62 whereas the American Heart Association 2017 

guidelines have recently recommended target blood pressure 

of <130/80 mmHg and suggest the use of ACE inhibitors if 

albuminuria is >300 mg/day.63

Conclusion
HIVAN is a rapidly progressing kidney disorder that affects 

HIV-positive individuals predominantly of African American 

ancestry. Clinical and genetic risk factors such as low CD4 

count, high viral load, high-grade proteinuria, presence of 

comorbidities such as hypertension and diabetes, and APOL1 

polymorphism contribute to greater progression of kidney 

disease in this population. We now have a greater understand-

ing of the cellular mechanisms by which APOL1 risk variants 

may affect cellular function through dysregulation of cellular 

signaling and mitochondrial function, though more work is 

needed in these areas. 

This review has a number of limitations. First, this was 

not a meta-analysis of multiple previous studies, but rather 

an overview of the general understanding of HIVAN patho-

physiology. Many studies described are small retrospective 

observational studies which have inherent limitations. This 

review serves to provide the evidence behind the current, 

guideline-based strategies for HIVAN management. Further, 

we wish to highlight active areas of research on the patho-

physiology of HIVAN and optimization of graft survival 

outcomes of HIV-positive kidney transplantation recipients. 
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