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• HIV (HIV-1&2) is a retrovirus that stores its genetic material as RNA

• UNAIDS estimated in 2023, approximately 38 million people globally were living 

with HIV

• an association between HIV and renal disease was first reported in 1984 with 

individuals with HIV presenting with nephrotic range proteinuria and progressing 

to ESRD within 8–16 weeks (HIVAN)

introduction



• HIVAN was initially thought to be associated with advanced 

immunosuppression; but it was later recognized that can occur at any 

stage of HIV-1 infection, even before antibody seroconversion

• incidence of HIVAN in the US is estimated between 3.5% -12%

• over 90% of patients with HIVAN are black



• worldwide prevalence of CKD in people with HIV: (GFR below 60 

ml/min/1.73 m2 )

• 18% of Chinese patients 

• 27% in India

• 20% in Iran

• Early ART initiation was also shown to result in modestly higher 

eGFR and reduced proteinuria 

• prolonged life expectancy, presence of comorbid diseases of ageing and 

cumulative exposure to potentially nephrotoxic ART have led to an increase in 

the prevalence of CKD in people living with HIV (PLWH)



3.5 – 48.5%

• AKI, electrolyte and acid–base disturbances

• Glomerulonephropathies (including HIVAN) that present as either acute-on

chronic or CKD

• Renotoxic effects of treatments of HIV and its complications

• Co-morbid Disease (DM, Co-infection HCV, HTN)

Spectrum of kidney diseases



Pathogenesis of kidney disease in PWH

• Multiple factors:

1) HIV infection

2) genetic susceptibility 

3) Treatment of HIV

4) comorbid CKD risk factors



1) The causal relationship between direct HIV infection of the renal 

epithelial cells and HIVAN has been established 

• renal expression of HIV genes:

✓Nef (negative factor)

✓Vpr (viral protein r)

✓Tat (trans activator of transcription) 

➢ the expression genes in kidney cells increases the expression of interferon and/or TNF 

within the kidney that stimulating the expression of APOL1 G1 and/or G2 transcripts

• kidney can act as a reservoir for the virus even when viraemia is undetectable:

✓detection of HIV-1 nucleic acids in kidney biopsy samples of patients with HIVAN



2) The association between APOL1 risk variants and HIVAN is supported by a 

systematic review and meta-analysis:

• prevalence of APOL1 high-risk alleles (GI and G2) significantly increased the 

risk of HIVAN (pooled OR 16.67; n= 769, P< 0.001): 89-fold & 90% in 

African descent

• The APOL1 risk variants are also associated with other forms of HIV-

associated kidney diseases

• two APOL1 risk alleles: 76% had FSGS whereas 10% had hypertensive nephrosclerosis

• one APOL1 risk allele: 47% had immune complex-mediated glomerulonephritis whereas 

23% had FSGS

• no APOL1 risk allele, 40% had immune complex-mediated glomerulonephritis and 12% 

had FSGS



• Second hits

• Despite this strong association, not all people with HIVAN carry the high-risk 

APOL1 genotype, suggesting that:

➢other genes or environmental factors are required to induce inflammatory or interferon 

responses in kidney cells and increase susceptibility to HIVAN:

✓viruses (especially HCV or SARS-CoV-2)

✓autoimmune diseases (SLE)

✓ ischemia–reperfusion injury (sickle cell disease)

✓kidney allograft rejection

✓exogenous interferon administration 







Acute Kidney Injury

• AKI in hospitalized patients with HIV can be community or hospital 
acquired

➢AKI acquired in the hospital is associated with worse outcomes and 5–10 
times more common

➢the most common is ATN secondary to:

✓Sepsis

✓Hypotension

✓Dehydration

✓exposure to nephrotoxins

• predominant risk factor is severe immunosuppression

• CD4+ T-cell count <200 cells/mm3 

• HIV RNA level >10,000 copies/ml



HIV-Associated CKD

• Prevalence: 6% to 45%

• Shift in kidney disease presentation with ART:

➢While HIVAN remains present, its prevalence has markedly decreased due to 

the effective suppression of viral replication

➢This shift now includes a higher incidence of:

✓comorbid kidney diseases in an aging population of HIV-infected individuals

✓ART-related nephrotoxicity



• Consensus Classification of Kidney Disease & Histology in HIV 
has been proposed to:

➢reduce variability in biopsy interpretations

➢divides kidney diseases into distinct histological categories based on the 
compartments affected within the kidney

Classification of Kidney Disease in HIV









Glomerular-Dominant Diseases

• primarily divided into two major subcategories:

a) Podocytopathies

b) HIV immune complex-mediated glomerular or kidney diseases 

(HIVICK)



a)      Podocytopathies: five main subtypes and characterized by:

 

➢foot process effacement

➢significant proteinuria

➢minimal or absent of immune complex deposition



1) Classic HIVAN (HIV-associated nephropathy):

•  prototypical form of HIV-related kidney disease

• characterized by:

✓collapsing glomerulopathy

✓microcystic tubular dilatation

✓tubulointerstitial inflammation 

✓podocyte effacement

✓severe proteinuria

✓strongly associated with uncontrolled HIV infection, and its prevalence has 

decreased significantly with the advent of ART



• prevalence of classic HIVAN has significantly declined since the introduction 

of ART:

✓Columbia University Study (2011–2018): 76% in 1987 to 14% in 2018

✓Cape Town, South Africa (2016–2020 vs. 2005–2009): from 45% during 2005-2009 

to 29% during 2016-2020

✓Johannesburg Cohort: from 43.4% to 22.8%

• classic HIVAN has not been eradicated:

✓Undiagnosed HIV infections: In regions where HIV testing and treatment coverage are 

insufficient

✓ Incomplete ART coverage

✓Non-adherence to ART

✓Genetic diversity of PLWH



2) Focal Segmental Glomerulosclerosis - Not Otherwise Specified (FSGS-
NOS) or Non-HIVAN podocytopathies:

• often appears in HIV-infected individuals, particularly those on ART

• more common diagnosis in the current era of ART

• represent a partially treated or attenuated form of HIVAN, with a potential pathogenic 
contribution of age-related factors

• Patients are older and more likely to have undetectable viraemia than those with a histological 
diagnosis of HIVAN

• HIV is presumed to be the causative factor when secondary causes of FSGS have been 
excluded:

✓ other viral causes of FSGS (cytomegalovirus, parvovirus, simian virus 40 infection)

✓ drug-induced disease

✓Hypertension

✓ diabetes or obesity

• Differentiating HIV-related FSGS from secondary FSGS is challenging:

✓Molecular approaches are not yet available in clinical practice



3) Minimal Change Disease (MCD): rare 

• podocyte effacement without significant glomerular changes

• typically responsive to corticosteroid therapy

4) Diffuse Mesangial Hypercellularity: characterized by increased mesangial 

cell proliferation

5) Other Podocytopathies in HIV: include atypical forms of podocyte injury or 

diseases that do not fit neatly into the classical definitions but still result in 

significant kidney dysfunction in the setting of HIV



b) Immune Complex-Mediated Glomerular Diseases
• characterized by the deposition of immune complexes in the glomeruli, which can trigger an 

inflammatory response

• Limited evidence linking HIV directly to immune complex-mediated kidney disease

• possible causal role for HIV in these conditions:

➢ In a small cohort of PLWH, HIV antigens and specific HIV antibodies were found in glomerular 

immune deposits

➢presence of a ball-in-cup type of subepithelial immune deposit observed in kidney 

biopsies from South Africa

✓ not pathognomonic for HIV-related immune complex glomerulopathy and has also been 

observed in other forms of immune complex diseases

• IgA nephropathy: can coexist with HIV infection, but whether this is due to the deposition 

of IgA against HIV antigens or is merely co-incidental remains unclear

➢ higher rates observed in certain populations (e.g., Caucasian Americans)







Comorbidities and CKD in PLWH

• ART has transformed HIV into a chronic disease, and with the 

longevity of PLWH, kidney disease is increasingly associated with 

age-associated comorbidities, such as:

➢  metabolic syndrome

➢obesity, diabetes mellitus

➢chronic inflammation

➢Arterionephrosclerosis

• Hypertension, type 2 diabetes and vascular disease are now common 

causes of CKD in these individuals 

➢Activation of the immune system through HIV infection leads to increased 

atherosclerosis and cardiovascular risks, even among those with viral 

suppression



• association between HIV infection and type 2 diabetes are 

contradictory: 

➢In a large Danish cohort study from 2021, the adjusted odds ratio of type 2 

diabetes in PLWH was 1.77 (95% CI 1.23 – 2.54; P = 0.002) compared with 

matched uninfected controls

➢ Risk factors included higher age and BMI

➢HIV-specific risk factors, including CD4 count, duration on ART, use of older 

ART and previous AIDS-defining illnesses, were not associated with the 

increased risk of type 2 diabetes

➢The proposed contributing mechanisms included:

✓ART regimen, co-infection with HCV or tuberculosis, growth hormone deficiency, 

lipodystrophy and mitochondrial dysfunction, leading to insulin resistance



Diagnosis of kidney disease in HIV 

• kidney biopsy

➢Estimating the prevalence of kidney histological diagnoses in the setting of HIV from 

biopsy data has its limitations

➢ selection bias

➢ facility is not available 

➢histological findings on the biopsy core may not be representative of the disease 

within the kidney

➢clinical parameters, including genotyping for APOL1, can’t accurately predict 

histological diagnosis in HIV infection and kidney histology is the gold standard for 

diagnosis to aid therapy and prognostication of HIV kidney disease



• Biomarkers of kidney disease 

• serum and urinary biomarkers can be helpful

• The most common and reliable biomarkers for CKD progression are:

➢Glomerular Filtration Rate (GFR) :

✓All PLWH are at an increased risk of developing CKD and should receive frequent 

monitoring of GFR

✓Although there are potential concerns with the use of cystatin C in the setting of ongoing 

systemic inflammation, eGFR Cys and eGFRCr appear to have similar performance in

PWH on stable ART

✓eGFRCys-EPI   has been shown to be a stronger predictor of adverse outcomes in PWH

➢Proteinuria/Albuminuria



• Biomarkers that are used predominantly in research settings and are increased in 

the urine of patients with HIV-associated kidney diseases include:

➢ urine kidney injury molecule-1 (KIM-1)

➢ liver-type fatty acid binding protein (L-FABP)

➢ alpha-1-microglobulin (α1m)

➢ B2-microglobulin (B-2M)

➢Neutrophil Gelatinase-associated Lipocalin (NGAL): Patients with HIVAN express four-fold higher 

levels of urinary NGAL than those with other glomerulopathies, reflecting the cystic tubular dilation that 

is a feature of HIVAN 

➢N-acetyl-beta-D-glucosaminidase (NAG)

• Biomarkers associated with disease progression include increased:

➢urine albumin

➢ IL-18

➢KIM-1

correlated with more rapid eGFR decline over 8 years of follow-up in women with HIV infection 

in one study



Management of CKD in PWH

• In PWH with suppressed HIV viral load, a diagnosis of CKD should prompt 

evaluation and optimized management of traditional CKD risk factors

• Kidney biopsy is strongly recommended for definitive diagnosis in PWH with 

albuminuria

• Current therapies for CKD do not specifically target the pathways and/or genetic 

factors that contribute to HIV-related CKD progression

• PLWH should be started on ART (if not already initiated) and assessed for 

reversible factors that may increase their risk of kidney disease progression:

➢Hyperglycaemia

➢Hyperuricaemia

➢Hyperlipidaemia

➢Hypertension

➢ lifestyle factors

➢ co-infections





• Expert guidelines recommend screening and early identification of 
CKD in PLWH
• The diagnosis of CKD should prompt immediate initiation of ART in PWH who are not 

currently treated, regardless of CD4 cell count

• In patients with asymptomatic HIV, a diagnosis of ICGN should prompt consideration of 

immunosuppressive therapy as determined by the specific histologic diagnosis and the severity 

of the clinical presentation

• Unique considerations in the management of CKD in PWH are largely 

related to:

➢the need for lifetime suppressive ART

➢potential for nephrotoxicity, drug–drug interactions, and polypharmacy 



• HIV-related proteinuric CKD should be treated with an angiotensin-converting-enzyme 
(ACE) inhibitor or an angiotensin-receptor blocker (ARB)

➢Patients with persistent proteinuria despite treatment with an ACE inhibitor or ARB may benefit 
from the addition of a sodium–glucose cotransporter 2 (SGLT2) inhibitor

• Dose adjustment of renally excreted medications should be performed and nephrotoxic 
agents avoided

• Such an approach is important in order to coordinate CKD treatment, prepare for dialysis 
and list the patient for kidney transplantation 

• APOL1 inhibitors such as INAXAPLIN offer the potential of a ‘precision medicine’ 
approach for APOL1-associated kidney diseases 

Treatment of CKD in HIV-positive patients







• add-on corticosteroids for HIVAN:

• significant increase in eGFR without a significant reduction in proteinuria at last 

follow up

•  increased adverse events including risk of infections and all-cause mortality in the

group treated with ART and adjuvant corticosteroids

• reduced interstitial inflammation seen on repeat biopsy

• Renal transplantation in PLWH 
• Transplant and HIV outcomes in recipients who received HIV-positive donor kidneys 

were excellent 
• The recurrence of HIVAN was not considered to be a clinical problem in a multicentre 

trial of 150 kidney transplant recipients living with HIV in the USA 
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