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Viral Glomerulonephritis 
Warren Kupin 47 

C H  A P T E R

Viral diseases represent a signi  cant and often unrecog-
nized cause of glomerular disease both in the United 
States and worldwide. 1,2 Viruses are  associated with 

a variety of pathways leading to glomerular disease, which 
are not mutually exclusive or unique to a single  virus species 
(Table 47.1). The main exception to this pattern is the singular 
association of type II cryoglobulinemia from IgM  –IgG immune 
complexes with a hepatitis C infection, which does not occur 
with any other viral infection. Moreover, many viruses employ 
more than one pathway for mediating glomerular injury and 
can be associated with a diverse range of glomerular syndromes. 
The two primary pathways for viral-induced renal injury are the 
direct viral infection of renal tissue and the presence of viral-
induced immune complex deposition in the kidney. 

This chapter will detail the current understanding of 
the epidemiology, clinical presentation, diagnostic workup, 
pathogenicity, and therapeutic interventions for the spec-
trum of glomerular syndromes caused by different viral 
infections.

 HEPATITIS C 
 Epidemiology 
The hepatitis C virus (HCV) is the leading cause of cirrhosis 
and the need for liver transplantation in the United States. 3
HCV is an enveloped, spherical, positive-stranded RNA 
virus that belongs to the family Flaviviridae and has been 
assigned its own individual genus, Hepacivirus. This is the 
same viral family as yellow fever and dengue. Approximately 
170 million people worldwide are chronic carriers of HCV, 
which represents 70% to 80% of all patients exposed to this 
virus as compared to a carrier rate of 15% for patients ex-
posed to the hepatitis B virus (HBV). 4 According to the Na-
tional Health and Nutrition Examination Survey (NHANES), 
there are 4.1 million people with HCV in the United States, 
accounting for 1.6% of the population. 5

The most common methods for the acquisition of HCV 
are percutaneous exposure, especially from intravenous 
drug abuse (60%); nosocomial exposure due to failure to 
adhere to universal precautions; blood transfusions and 

blood products (prior to enzyme-linked immunosorbent as-
say [ELISA] screening); and the use of solvent detergents and 
interpersonal exposure (vertical transmission/sexual part-
ners).6 Once established in a carrier state, 30% of patients 
will eventually develop cirrhosis. 

Differences in nucleotide sequences allow for the sub-
classi  cation of HCV into six major genotypes (1 through 
6) and further subgenotypes (1a and 1b, 2a and 2b, 3a and 
3b, and 4a). These genotypes show signi  cant geographic 
heterogeneity and differ not by virulence but by response 
to interferon (IFN) therapy. 7 The following data show the 
worldwide distribution of the different genotypes: Genotype 
1 is present in 60% to 70% of HCV isolates in the United 
States; genotype 2 is found in the Caribbean and in South-
east Asia; genotype 3 is found in Asia; genotype 4 is noted in 
Africa and the Middle East; and genotypes 5 and 6 are found 
in both South Africa and Southeast Asia. 8

 The Pathophysiology of Infection 
HCV is a hepatotropic virus that directly enters into hepatocytes 
through speci  c receptors: CD81, the Low density lipoprotein 
(LDL) receptor, the DC-SIGN, the L-SIGN, the human scaven-
ger receptor SR-B1, and claudin-1. 9,10 Viral tropism exists for 
many other cell types, especially monocytes and B and T cells. 
After exposure to HCV, both humoral and cell-mediated im-
munity play a role in an effort to contain viral replication. IgG 
antibodies directed against both structural (envelope proteins 
E1 and E2) and nonstructural (NS3, NS4, NS5) proteins are 
almost universally present in HCV patients, but their presence 
does not correlate with viral clearance. 11 In fact, clearance of 
HCV can occur even in the absence of an antibody response. 12

The key element in achieving HCV control lies in the CD8 cy-
totoxic T-cell response in conjunction with natural killer (NK) 
cell proliferation. Production of IFN by these cells is downregu-
lated in HCV carriers, thus allowing for viral replication, and 
this   nding has led the way for the use of exogenous IFN as a 
therapeutic modality. 13

The antibody response to HCV is measured through an 
ELISA, which does not distinguish between the individual 
targets of the IgG response. A recombinant immunoblot assay 
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(RIBA) can be used for con  rmation, and this test can provide 
individual antibody speci  cities. There is no clinical relevance 
for measuring IgM antibodies to HCV because the detection 
of viremia is a more sensitive marker for acute and chronic 
infection. Following a positive ELISA/RIBA, the detection and 
quanti  cation of HCV RNA is needed to determine the viral 
burden. 14  A reverse transcriptase polymerase chain reaction 
(RT-PCR) will provide not only a diagnostic value for HCV rep-
lication but also a means of following the response to therapy. 

 There are two special circumstances where the use of 
ELISA screening alone for HCV does not provide a high 
enough degree of speci  city and must be complemented 
by a RT-PCR. These exceptions occur in patients unable 
to  generate an antibody response to HCV and include HIV 
 patients and patients with end-stage renal disease (ESRD). 
Approximately 5% to 10% of patients in these groups will 
have a negative ELISA but a positive RT-PCR. In both of these 
circumstances, reliance on ELISA screening is not enough to 
exclude active HCV infection. 

 Glomerular Syndromes 
 Extrahepatic disease is present in 30% to 40% of patients 
with chronic HCV infection and includes the following syn-
dromes: mixed cryoglobulinemia with or without membrano-
proliferative glomerulonephritis type I (MPGN),  autoimmune 
thyroiditis, porphyria cutanea tarda, Sjögren syndrome, 
pulmonary   brosis, Mooren corneal ulcers, lichen planus, 
and diabetes mellitus. 15  In addition to MPGN type 1, HCV 
has been asso ciated with a variety of other glomerular le-
sions, including membranous glomerulonephritis (GN), IgA 
nephropathy, postinfectious GN, focal and segmental GN, 
antineutrophil cytoplasmic antibodies (ANCA), positive 
vasculitis, and   brillary glomerulonephritis (Table 47.2). 16

 CMV, cytomegalovirus; FSGS, focal segmental glomerulosclerosis. 

Direct  
 Cytopathic effect on glomerular mesangial or 

epithelial cells 
 HIV 

 HIV-associated nephropathy 
 CMV 

 Glomerulitis/transplant glomerulopathy 
 Parvovirus 

 Collapsing FSGS 
 Cytopathic effect on glomerular endothelial cells 

 CMV 
 Thrombotic microangiopathy 

 HIV 
 Thrombotic microangiopathy 

 Parvovirus 
 Thrombotic microangiopathy 

 Hantavirus 
 Mesangial proliferative glomerulonephritis/

nephrotic syndrome 
 Deposition of or in situ formation of immune 

complexes 
 Hepatitis C 

 Type I membranoproliferative 
glomerulonephritis 

 HIV 
 HIV immune complex disease of the kidney 

 Parvovirus 
 Acute proliferative glomerulonephritis 
 IgA nephropathy 

 Hepatitis B 
 Membranous glomerulopathy 
 Membranoproliferative glomerulonephritis 
 Polyarteritis nodosa 
 IgA nephropathy 

 Hepatitis A 
 Acute proliferative glomerulonephritis 
 IgA nephropathy 

Indirect  
 Stimulation of host immune response – Cytokines/

chemokines/growth factors 
 HIV 
 Hantavirus 
 Hepatitis B virus 
 Coxsackievirus B 

 Mechanisms of Viral Mediated 
 Glomerular Disease 

TA B L ETA B L E

 47.1 

 MPGN, membranoproliferative glomerulonephritis; FSGS, focal segmental 
glomerulosclerosis; IgA, immunoglobulin A. 

Hepatitis B   
 Acute proliferative glomerulonephritis 
 Membranous nephropathy 
 Type I MPGN 
 FSGS 
 Polyarteritis nodosa 

Hepatitis C  
 Type I MPGN 
 Membranous nephropathy 
 FSGS 
 IgA 
 Diabetic nephropathy 

 Glomerular Syndromes of Hepatitis B 
and Hepatitis C 

TA B L ETA B L E

 47.2 
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Measurable cryoglobulinemia is present in approxi-
mately 50% of patients, regardless of the HCV genotype and 
geographic location. Typically, the cryocrit, a re  ection of the 
quantity and potential pathogenicity of the cryoglobulins, is 
 2%. Importantly, despite the frequency of cryoglobuline-
mia, these immune complexes are clinically symptomatic in 
only 5% of patients. 23

HCV-related cryoglobulinemia is rarely restricted to renal 
involvement alone and in  70% of cases, it is also associated 
with cutaneous, neurologic, and/or gastrointestinal disease. 24

The presence of multiorgan dysfunction and renal disease in a 
patient with long-standing HCV should raise the suspicion of 
cryoglobulinemia. Renal disease develops signi  cantly more 
often with type II cryoglobulinemia as compared to type III 
cryoglobulinemia, possibly related to the solubility, charge, 
and size of the immune complexes. 25

The clinical presentation seen with MPGN is typical 
of a patient with acute nephritis: new onset severe hyper-
tension, acute kidney injury, active urinary sediment, and 
either nonnephrotic or nephrotic range proteinuria. Demo-
graphically, although more men than women are hepatitis C 
carriers (64% versus 36%), cryoglobulinemia tends to occur 
more frequently in women (56%). 26 This may have to do 
with the higher frequency of a TH2 response in women from 
a chronic antigenic stimuli like HCV, resulting in B-cell over-
activity and consequent plasma cell antibody production. 

There is an important time sequence leading to the de-
velopment of MPGN from cryoglobulinemia in HCV patients. 
Initially, HCV patients demonstrate type III cryoglobulinemia 
as an early response to the HCV carrier state, and this phase 
occurs between 5 to 10 years after the acquisition of HCV. After 
10 to 15 years in select patients, this type III cryoglobulinemia 
with a polyclonal IgM eventually transitions to a monoclonal 
IgM, changing it to a more virulent type II cryoglobulinemia. 

 Noncryoglobulinemic Membranoproliferative 
Glomerulonephritis
Not every case of type I MPGN secondary to HCV is related to 
the presence of cryoglobulinemia. 27 In 20% of MPGN cases 
in HCV patients, there is no evidence on renal biopsy of cryo-
globulin deposition. These patients have the typical suben-
dothelial immune deposits seen with type I MPGN, but their 
composition is distinct from the large  eosinophilic pseudo-
thrombi seen with cryoglobulinemia. HCV  viral antigens, IgM 
and IgG, along with C3, are present by  immuno  uorescence. 28

In this circumstance, MPGN occurs in isolation from any sys-
temic signs of vasculitis, and hypocomplementemia is not 
predictable as it is for  cryoglobulinemia. 

 Laboratory Evaluation of 
Membranoproliferative Glomerulonephritis 
Subclinical cases of MPGN have been reported from autopsy 
series of patients with HCV. A 5% incidence of HCV renal 
disease that was predominantly MPGN was noted, demon-
strating the need for early detection. In addition, for patients 

In addition, a recent biopsy survey demonstrated the unexpect-
ed presence of diabetic nephropathy in 18% of HCV patients 
due to the high incidence of type II DM in HCV patients.17

Two important common   ndings are present among the 
diverse group of renal lesions seen with HCV: a lack of cor-
relation with the degree of HCV liver disease and the ubiqui-
tous presence of active HCV viremia. 18

 Membranoproliferative 
Glomerulonephritis Type I 
MPGN type I comprises  85% of the glomerular lesions 
seen in HCV patients. 19 An essential characteristic of HCV-
related MPGN in 80% of patients is the concomitant pres-
ence of cryoglobulinemia. In the Brouet classi  cation, 
cryoglobulinemia is divided into three distinct types with 
the key differentiation among them being the nature of 
the protein that forms the cold dependent insoluble com-
plex.20 In each type of cryoglobulinemia, the primary pro-
tein is an immunoglobulin, usually an IgM antibody. In 
type 2 and Type 3 cryoglobulinemia, the IgM molecule 
targets the Fab or Fc portion of an IgG antibody. The dif-
ference between these two types lies in the character of 
the IgM antibody. In type 2 cryoglobulinemia, previous-
ly called mixed essential cryoglobulinemia, the IgM is a 
monoclonal IgM  ; whereas in type 3 cryoglobulinemia, 
the IgM is polyclonal. This IgM antibody for both types 
of cryoglobulinemia in HCV has rheumatoidlike activity. 
Unrecognized HCV is now considered to have been the 
cause of  90% of all previously described cases of mixed 
essential cryoglobulinemia. 21

The IgG antibody that is the target of the IgM an-
tibody in both type 2 and type 3 cryoglobulinemia has 
anti-HCV properties and is the antibody measured by the 
standard ELISA used for the diagnosis of HCV infection. 
These IgG antibodies target the HCV circulating RNA and 
the envelope proteins E1 and E2 and are complement   x-
ing of the IgG1 and IgG3 subclasses. Consequently, the 
cryoglobulin  immune deposit consists of IgM  –IgG–E2/
HCV RNA and is exceptionally large, resulting in deposi-
tion exclusively in the subendothelial space of the glo-
merular capillaries. 22

On renal biopsy, instead of the typical subendothelial 
deposits seen in idiopathic MPGN type 1, HCV patients 
demonstrate extremely large pseudothrombi extending from 
the subendothelial space into the capillary lumen. On light 
microscopy these large, eosinophilic deposits can be easily 
confused with microthrombi such as those seen in a throm-
botic microangiopathy, but on immuno  uorescence and 
electron microscopy, their origin is clearly identi  ed as being 
part of an immune deposit. 

The typical Immuno  uorescent pattern seen in the glo-
meruli of HCV patients is granular staining for IgM, IgG, 
C3, and C4. In addition, light chain staining reveals the pre-
dominant deposition of   light chains in conjunction with 
IgM, indicating a clonal origin of this antibody. 
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(TLR-3), scavenger receptors (SRB-1), and the LDL recep-
tor. 34 The binding of HCV to B cells may result in both 
endocytic-mediated entry of the virus into the cell and also 
independently may directly stimulate the B cell. CD81 is 
a member of a signaling complex that involves CD19 and 
CD21 and lowers the threshold for cell activation and prolif-
eration.35 Clusters of B-cell aggregates have been identi  ed 
on liver biopsies in patients with HCV cryoglobulinemia, 
con  rming the separate proliferation of B cells distinct from 
the standard  T-cell response seen in the liver from an HCV 
infection.36

CD5  B cells appear to be a preferential cell type for 
HCV stimulation through CD81 and represent the primary 
cell phenotype seen in the peripheral blood and in liver tis-
sues of patients with cryoglobulinemia. 37 CD5   B cells are 
rare in adults and more common in fetal life, where they 
are responsible for innate immunity. 38 These cells have the 
propensity to produce IgM antibodies with a restricted set of 
immunoglobulin V genes, predominantly the VH/VL gene 
pair 51p1/kv325 with rheumatoidlike properties. 39 Once 
activated, CD5   cells may produce interleukin (IL)-10 to 
catalyze further cell proliferation through an autocrine path-
way. Patients with hepatitis B do not demonstrate this form of 
CD5  clonal expansion because HBV is not lymphotropic. 

In theory, the initial B-cell proliferation will lead to a 
generalized, broad-based antibody response that is  associated 
with type III cryoglobulinemia. As discussed, this sequence of 
events occurs after 5 to 10 years of a chronic carrier state in 
up to 50% of patients. However, maturation of type III cryo-
globulinemia into type II cryoglobulinemia requires the emer-
gence of a B-cell clone. How a HCV infection results in clonal 
B-cell proliferation is still not de  nitely established, but the 
following two mechanisms have been suggested: chromosom-
al mutations and/or cytokine- mediated B-cell hyperplasia. 

Initial studies suggested that B-cell clones in HCV type 
II cryoglobulinemia contained a chromosomal transloca-
tion identi  ed as T(14;18). 40 This well-described muta-
tion occurs in 80% of B-cell lymphomas and results in the 
translocation of the antiapoptotic gene BCL-2 from chro-
mosome 18 to chromosome 14, leading to inde  nite B-cell 
survival. 41 This acquired (somatic) genetic alteration would 
explain the B-cell clonality found in these patients, as well 
as the risk of B-cell lymphoma that is 35 times the rate in 
the general population. Recent work has cast doubt on this 
theory and has failed to con  rm the widespread presence 
of this chromosomal aber ration in HCV-related cryoglobuli-
nemia.42,43 Alternative hypermutations in antibody produc-
tion from HCV CD81 binding independent of the T(14;18) 
translocation may still explain the generation of type II cryo-
globulinemia.44

Alternatively, circulating IgG–HCV immune complexes 
may bind to a speci  c B-cell repertoire (RF  ), stimulating 
the production of B-lymphocyte activating factor (BAFF), 
leading to further B-cell proliferation. However, the link 
to the production of a monoclonal IgM antibody from this 
B-cell proliferation still must be elucidated. 

undergoing liver transplantation who underwent routine re-
nal biopsies, unsuspected MPGN was noted in 10% to 20% 
of samples in the presence of normal renal function. 29 This 
unsuspected frequency of MPGN in liver transplant recipi-
ents may explain the decline in renal function that occurs 
over time after transplantation, which previously may have 
been ascribed to calcineurin toxicity or pretransplant hepa-
torenal syndrome. 

Clinically, the presence of HCV renal disease can be 
detected by the presence of albuminuria. In the NHANES 
study, the odds ratio for albuminuria was 1.84 in HCV- 
positive patients. 30 The urinalysis   ndings of patients with 
cryoglobulinemia are consistent with a nephritic syndrome, 
and both dipstick and microscopic analyses of urine samples 
are recommended at regular intervals in HCV patients. 31

Prior to a renal biopsy, the presence of type II cryoglobu-
linemia can lend strong support for the presence of MPGN. 
Cryoglobulinemia is associated with activation of the  classical
pathway of complement, leading to systemic consumption of 
C3 and C4. It is rare to have clinically signi  cant cryoglobu-
linemia in the absence of markedly depressed levels of both 
C3 and C4. In addition to directly measuring the cryoglobu-
lin concentration, an indirect assessment of the presence of 
cryoglobulinemia is the presence of rheumatoid factor acti-
vity. The IgM monoclonal or polyclonal antibody directed 
against the HCV IgG antibody has crossover rheumatoid 
activity, which may provide an indirect quantitative re  ec-
tion of the amount of cryoglobulins present. The assay for 
the measurement of cryoglobulin concentrations has been 
complicated with a high false-negative rate due to frequent 
improper collection and handling techniques, supporting 
the use of the rheumatoid factor in general clinical care. 32

In patients with type II cryoglobulinemia, a serum pro-
tein and immune electrophoresis will show a gamma globu-
lin spike of IgM  . A free light assay will con  rm the presence 
of abundant kappa light chain production with a kappa/
lambda ratio  2.0. The selective presence of this unique 
type of monoclonal antibody is characteristic of the cryo-
globulinemia of all genotypes of HCV. 

 Pathogenesis of Membranoproliferative 
Glomerulonephritis
The mechanisms responsible for the development of type I 
MPGN from HCV-induced type II cryoglobulinemia must 
take into consideration not only the link between the viral 
infection and cryoglobulin production, but also the pathway 
of injury caused by these immune complexes. Signi  cant 
cryoglobulinemia is unique to HCV and is not typically seen 
with other forms of viral hepatitis. Consequently, the genesis 
of cryoglobulinemia is not related to the hepatotropic nature 
of this virus and must be a result of the unique lymphotropic 
properties of HCV. 33

HCV has now been clearly shown to be B-cell lym-
photropic with speci  c binding to the CD81 receptor, with 
additional receptors being identi  ed as Toll-like receptors 
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of serum complement. 52 Importantly, in patients that were 
able to achieve a viral response to IFN, a marked down-
regulation of CD81 was found on peripheral B cells, which 
increased during periods of relapse. 53 Control of MPGN is 
only achieved with a sustained viral remission, and relapses 
occurred with a breakthrough of HCV replication after IFN 
therapy was completed. 

Rituximab, as a B-cell targeted therapy, has been success-
fully used in the treatment of non–viral-mediated cryoglobu-
linemia.54 This experience has been applied to the treatment 
of HCV-related cryoglobulinemia and MPGN. In comparison 
to IFN therapy, patients treated with rituximab had a 25% 
higher rate of renal remission with an associated decrease 
in circulating cryoglobulinemia and normalization of serum 
complement levels. The HCV viral load increased with thera-
py but did not result in a clinical worsening of hepatic func-
tion. A review of the literature shows that the dose of ritux-
imab used in most reported studies was 375 mg per square 
meter infused weekly for 4 consecutive weeks. Adjunctive 
steroids were always used in combination with rituximab. 
An overall response rate of clinical vasculitis was 80% to 93% 
with a relapse rate of 30% to 40% over 1 year of follow-up. 55

As a consequence of the increased viral load seen with 
rituximab therapy, the next generation of trials have used 
a combination of IFN and rituximab. This combination re-
sulted in a renal remission of   80% compared to   50%
in patients receiving IFN only. Most importantly, there was 
a signi  cant decrease in viral load in the combination arm 
similar to that in the IFN-only group. 56,57 Long-term safety of 
this combination over a 24-month period has been reported 
and also supports the option of retreatment with rituximab 
if a relapse occurs. 58

The following treatment algorithm can be considered 
based on the published data and a consensus conference on 
the management of HCV cryoglobulinemia 59:

 1. For mild cases of cryoglobulinemia either isolated to the 
kidney without signi  cant acute kidney injury (AKI) 
or with low-grade systemic involvement, IFN alone is a 
satisfactory option. 

 2. As the renal lesion intensi  es or with more signi  cant 
systemic organ involvement, rituximab can be added 
to IFN with term steroid therapy. 

 3. In life-threatening cases of necrotizing systemic vas-
culitis from cryoglobulinemia, plasmapheresis can be 
added in conjunction with rituximab, steroid therapy, 
and IFN. 

 Interferon Nephrotoxicity 
Because IFN is now established to be the foundation for the 
treatment of HCV-related MPGN, attention must be placed on 
the potential nephrotoxicity of this therapy. As a consequence 
of the upregulation of cell-mediated and humoral-mediated 
immunity, IFN has been associated with de novo intersti-
tial and glomerular syndromes as well as the exacer bation
of underlying GN. 60 Most frequently, a combination of acute 

Once formed, the deposition of type II cryoglobulins 
in the kidneys occurs both in the subendothelial space and 
in the mesangium. HCV antigens have been colocalized to 
these regions, con  rming their role in the formation of the 
immune complex. 45 The mesangial localization of the com-
plexes results from binding to   bronectin with TLR-3 activa-
tion. The role of TLRs on mesangial cells is now recognized 
as an important mediator of renal injury from viral infec-
tions, particularly HCV immune complexes. The subsequent 
activation of IL-6, IL-1  , M-CSF, IL-8/CXCL8, RANTES/
CCL5, MCP-1/CCL2, and ICAM-I all contribute to the cas-
cade of intrarenal in  ammation, leading to progressive loss 
of glomerular   ltration rate (GFR). 46

 The Treatment of Membranoproliferative 
Glomerulonephritis
The identi  cation of cryoglobulinemia as the primary cause 
of MPGN provides a key target for therapeutic intervention. 
Consequently, the removal of circulating cryoglobulins and 
the prevention of new immune complex production remain 
the goals of therapy. Ultimately, the prevention of further 
cryoglobulin production will rest on the control of HCV 
viremia, but achieving this endpoint is a slow and prolonged 
process. Current protocols on the use of pegylated or stan-
dard IFN mandate a 48-week period of therapy to achieve 
viral remission. Depending on the viral genotype, control 
of viral replication will be achieved in only 50% to 60% of 
patients.47 This delay in controlling HCV and the unpre-
dictable response and frequent intolerance to this therapy 
will not be able to attenuate the severity and permanency 
of glomerular injury. 48 Therefore, control of viremia must 
be complemented by efforts to reduce the in  ammatory 
response to cryoglobulin deposition, to remove preformed 
immune complexes, and to directly target the B-cell clonal 
population.

The most extensive experience in the treatment of HCV-
related MPGN comes from the previous studies in mixed 
essential cryoglobulinemia (MEC). Because it is now estimat-
ed that  90% of cases that were labeled as MEC were in fact 
related to HCV, data from those studies may be applicable 
in the current approach to therapy. The primary treatment 
consisted of high-dose corticosteroids, cyclophosphamide, 
and/or plasmapheresis with no antiviral therapy. Control of 
cryoglobulinemia and the normalization of serum comple-
ment occurred in only 25% and 30% of patients, respec-
tively. Although none of the patients developed worsening 
liver disease, there were signi  cant infectious complications, 
including pneumonia and sepsis. 49,50 Therefore, concerns 
over exacerbating the risk of HCV cirrhosis as a result of 
steroid and cytotoxic therapy do not appear to be major con-
cerns as compared to their role in preventing life-threatening 
systemic vasculitic complications. 

IFN alone for the treatment of MPGN can lead to a re-
mission of MPGN in 40% to 50% of cases. 51 This is  associated
with a decrease in cryoglobulin levels and a  normalization
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globulinemic renal disease after transplantation. 67 MPGN 
may develop in 10% of patients with cryoglobulinemia post-
transplant, which represents a higher incidence than in the 
general population (3%). 68

Membranous nephropathy (MN) has also been reported 
posttransplant as a consequence of a preexisting HCV infec-
tion.69 The presence of HCV was reported in 50% of cases of 
de novo postrenal transplant MN, and may be found more 
frequently in those patients treated with IFN prior to trans-
plantation.70 It is presumed that modulating the severity of 
the viremia before the exposure to immunosuppression may 
blunt the cryoglobulin production posttransplant, and only 
IgG–HCV immune complexes will be present, leading to a 
subepithelial localization and membranous disease. 

In liver transplant recipients either with or without a 
simultaneous kidney transplant, the prevalence of posttrans-
plant cryoglobulinemia is approximately 30%, with clinical 
renal disease being noted in 10% of cases. 71,72 This risk of 
cryoglobulinemic GN after liver transplantation is signi  -
cantly higher than the 3% risk in patients with cryoglobuli-
nemia in the general population. 

The choice of treatment for posttransplant HCV-related 
MPGN is complicated by the risk of inducing acute antibody-
mediated (humoral) rejection of the allograft by the use of 
IFN.73 These antiviral agents also possess the capacity to in-
crease human leukocyte antigen (HLA) class I and class II 
expression, leading to increased antigenicity of the allograft. 
They also increase the number of cytolytic immune effector 
cells and decrease T-suppressor cell function. The risk of re-
jection during and after a course of IFN in kidney transplan-
tation has been reported to be between 50% and 100%. 74 In 
liver/kidney recipients, the use of IFN also may increase the 
risk of rejection of either or both organs. 75 Therefore, if left 
untreated, recurrent MPGN in a renal  allograft is associated 
with eventual graft loss, and the treatment of MPGN with 
IFN may also lead to graft loss. 

Ribavirin as a solitary therapy for HCV is not effective at 
reducing the progression to cirrhosis, but may have clinical use 
in posttransplant MPGN. 76 Anecdotal cases have shown a re-
duction in proteinuria and a stabilization of renal function with 
ribavirin alone and a relapse of renal disease with the cessation 
of treatment. This therapy was associated with a signi  cant risk 
of anemia and is limited in its use based on the GFR. The pre-
sumed mechanism of action would be through a reduction of 
viral load with reduced immune complex generation. 

Rituximab has been used in HCV patients posttrans-
plant and has been associated with an improvement in renal 
function and a decrease in cryoglobulinemia. 77 However, in 
the absence of antiviral therapy, this agent leads to a signi  -
cant increase in viral load and a potential worsening of the 
underlying liver function. 78

The prevention of posttransplant HCV renal disease can 
be effectively achieved by reducing viremia prior to trans-
plantation. The use of IFN therapy to induce a sustained 
viral remission prior to kidney transplantation signi  cantly 
reduced the risk of posttransplant MPGN. 79 Currently, the 

kidney injury with nephrotic syndrome has been reported 
with renal histology, demonstrating minimal change disease 
with or without an accompanying interstitial nephritis. 61,62

Acute kidney injury has been ascribed to coexisting acute tu-
bular necrosis in most cases. Focal segmental glomeruloscle-
rosis (FSGS) and MPGN have been described in IFN-treated 
patients, but they are rare manifestations that may or may not 
be related to the drug exposure. 63 In patients receiving IFN 
for hematologic malignancies, approximately 25% develop 
transient low-grade proteinuria and 10% expe rience acute 
kidney injury. 64 Recovery occurred after the discontinuation 
of therapy with remission of the nephrotic syndrome. 

Differentiation between HCV-related MPGN and IFN 
nephrotoxicity can often be made by checking the HCV PCR 
and serum complement levels. In IFN-associated glome-
rulopathy characterized by minimal change disease and/or 
interstitial nephritis, both C3 and C4 will be normal and 
the viral load should re  ect the control of viremia from the 
therapy. In HCV MPGN, the HCV PCR must re  ect active 
viremia and the serum complement levels will be depressed 
due to the presence of cryoglobulinemia. 

 Hepatitis C Virus–Related Renal Disease 
after Transplantation 
There are three scenarios where HCV may result in renal dis-
ease after organ transplantation: after kidney transplantation in 
a patient with known HCV, after combined liver/kidney trans-
plantation in an HCV patient, and in the native kidneys after 
a liver transplant only in an HCV patient. The common link 
between each of these scenarios in the development of HCV-
related renal disease is the presence of immunosuppression. 

ESRD patients with HCV are considered viable kid-
ney transplant candidates as long as there is no evidence of 
cirrhosis or active extrahepatic immune complex disease. 
The majority of these patients have ongoing low-level HCV 
viremia at the time of transplantation and may be at risk for 
posttransplant HCV-related renal disease. In the posttrans-
plant period, type I MPGN due to cryoglobulinemia in the 
renal allograft remains the most frequently reported renal 
syndrome from HCV. 65 This may or may not represent recur-
rent renal disease because many HCV-positive patients on 
dialysis do not have prior native kidney biopsies to docu-
ment their original cause of renal failure and may be   rst 
diagnosed with HCV at the time of the transplant workup or 
upon initiating dialysis therapy. 

Cryoglobulinemia is detectable in up to 80% of HCV-
positive renal transplant recipients, which represents a sig-
ni  cantly higher incidence compared to the average of 40% 
to 50% in regular, nontransplant HCV patients. 66 The im-
pact of posttransplant immunosuppression in promoting a 
greater degree of HCV viremia and altering the TH2/TH1 
balance favoring the TH2 response may be responsible for 
this   nding. Type III cryoglobulinemia was noted more fre-
quently than type II cryoglobulinemia (78% versus 22%), 
supporting the low incidence of clinically signi  cant cryo-
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of HCV infection, diabetic nephropathy should be consid-
ered among the glomerular syndromes associated with HCV. 

 Kidney Disease: Improving Global Outcomes 
Guidelines for HCV Renal Disease 
In 2003, a nonpro  t foundation was formed to promote clin-
ical guidelines based on the scienti  c review of the lite rature 
in the management of kidney disease. The Kidney Disease:
Improving Global Outcomes (KDIGO) foundation has ad-
dressed the issue of HCV in chronic kidney disease (CKD), 
end stage renal disease (ESRD), and transplant recipients 
and published a set of guidelines on the diagnosis, evalua-
tion, and management of this viral infection. 92 The following 
summary of the KDIGO recommendations is  applicable to 
the area of HCV-related glomerular disease: 

 1. Testing is recommended annually for GFR, proteinuria, 
and hematuria in HCV patients to provide for the early 
detection of renal disease. 

 2. A kidney biopsy should be performed in cases 
suspected of HCV renal disease due to the diversity of 
renal syndromes that may occur. 

 3. Antiviral therapy with IFN and ribavirin (based on 
GFR) should be initiated in all cases of HCV renal 
disease and continued for 12 months. 

 4. Plasmapheresis, steroids, immunosuppressive agents, 
and antiviral therapy should be used for patients with 
active cryoglobulinemia. 

  a. Immunosuppressive drug choices include rituximab 
or cyclophosphamide. 

 5. Ribavirin should be used with extreme caution in 
patients with Stages 3 through 5 CKD due to the risk 
of severe anemia. 

 6. Angiotensin converting enzyme inhibitors (ACEI)/
angiotensin receptor blockers (ARB) therapy is 
recommended for patients with signi  cant nephrotic 
syndrome as adjunctive therapy. 

 Key Points: Hepatitis C Virus and 
Glomerular Disease 
 1. HCV has unique B-cell tropism especially for CD5  

B cells, which is not a feature of other hepatidites. 
 2. The HCV virus not only enters the B cell, but can also 

directly stimulate B-cell proliferation and antibody 
production. 

 3. Approximately 50% of HCV patients develop cryoglo-
bulinemia, but it is clinically symptomatic in only 3%, 
with a female predilection for disease. 

 4. Type III cryoglobulinemia is a precursor for the 
eventual transition to type II cryoglobulinemia, and 
is composed of an IgM   monoclonal antibody with 
rheumatoid factor activity that is characteristic of HCV. 

 5. Type I MPGN is the most common glomerular lesion seen 
with HCV and results from type II cryoglobulinemia. 

guidelines for treatment of HCV prior to transplantation 
focus on reducing the risk of posttransplant cirrhosis but do 
not take into account the prevention of HCV-related renal 
disease in either liver or renal transplant recipients. 

 Hepatitis C Virus-Related Vasculitis 
Chronic bacterial and viral infections have been  associated 
with the development of antineutrophil cytoplasmic antibod-
ies (ANCA) and antinuclear antibodies (ANA). 80–81 In HCV pa-
tients, a wide spectrum of autoantibodies have been reported 
in addition to ANCA and ANA, including antismooth muscle 
(ASM), antimitochondrial, antithyroid microsomal (ATM), 
antithyroglobulin (ATG), and anti–liver kidney microsomal 
(LKM1) autoantibodies. The titers of these autoantibodies 
are usually low and they are often transient in nature. 82 Of 
all cases of viral-related vasculitis, HCV was responsible for 
either C-ANCA or P-ANCA disease in 30% of patients. Both 
systemic and renal complications from small vessel vasculitis 
may be present, with renal disease characterized by hematu-
ria and acute crescentic GN. This syndrome is distinguished 
from cryoglobulinemia-induced vasculitis by the absence of 
immune complexes and normal serum complement levels. 

The presumed pathophysiology for the development of 
vasculitis in HCV is the chronic antigenic stimulation of B 
cells in HCV carriers. The expansion of CD5   B-cell clones 
through stimulation of CD81 by HCV may increase the risk 
of autoimmunity, leading to ANCA generation. Limited ex-
perience is present, however, in the treatment of HCV- related 
vasculitis.

 Focal Segmental Glomerulosclerosis and 
Immunoglobulin A Nephropathy 
Case series have demonstrated an unexpected incidence of 
FSGS on the renal histology of HCV-infected patients. 83,84

In one case, the FSGS lesion appeared to resolve with IFN 
therapy and HCV was localized by in situ hybridization to 
renal tissue. 85

IgA nephropathy has also been reported on  pathology
series in patients with HCV, especially in Asian and  European 
case series. 86,87 These populations already have a high inci-
dence of background IgA nephropathy, and it is not clear 
if this is a chance association between these two frequent 
diseases. Similar to the anecdotal FSGS case reported previ-
ously, IFN therapy has also resulted in the successful resolu-
tion of a case of IgA nephropathy in an HCV carrier. 88

 Diabetic Nephropathy 
HCV patients have a signi  cant risk for developing type II 
diabetes, with an odds ratio (OR)   1.7. 89 This insulin- 
resistant state may be a consequence of postreceptor inhi-
bition of insulin action by the HCV envelope proteins, 
especially E2. 90 Biopsy series of patients with HCV now 
demonstrate a frequency of diabetic nephropathy in 5% to 
10% of cases with no coexisting evidence of MPGN or cryo-
globulinemia.91 Therefore, because diabetes is a direct result 
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altered receptor may prevent HIV cellular entry and provide 
a state of resistance to acquiring HIV disease after exposure. 
African American patients have a signi  cantly lower rate of 
CCXR5 polymorphism and subsequently express the en-
tire HIV receptor in its fully functional form. 101  In addition, 
 genetic variation on chemokine receptor 2 and IL-2 expres-
sion may also play a pivotal role in the risk for acquiring HIV 
infection and in the development of systemic complications 
that may arise after a carrier state is established. 

 The Laboratory Diagnosis of HIV 
 HIV can be detected through both qualitative and quantitative 
assays. The serologic diagnosis of HIV is based on the detection 
of IgG antibodies targeting any of three speci  c HIV antigens: 
p24, gp120, and/or gp41. An ELISA is used as an initial screen-
ing test, and a positive result is con  rmed through a Western 
blot, which yields a sensitivity and speci  city of    99%. 102  

 Quanti  cation of the viral load is accomplished through 
measuring viral RNA by reverse transcription and subsequent 
PCR ampli  cation. This test provides a reliable method to 
diagnose HIV infection and quantitatively follow therapeutic 
interventions. 

 Glomerular Syndromes and HIV 
 A variety of glomerular syndromes have been described as a di-
rect consequence of HIV infection (Table 47.3). 103  In  addition, 

  6. Controlling active HCV viremia is the therapeutic target 
for the treatment of HCV MPGN and systemic cryoglob-
ulinemia, and this can best be achieved with IFN therapy. 

  7. Rituximab is considered the   rst adjunctive add-on 
therapy for more severe cases of renal and systemic 
disease, followed by plasmapheresis. 

  8. HCV renal disease may occur in the posttransplant 
 period of either liver or kidney transplantation; how-
ever, IFN therapy is relatively contraindicated due to 
its association with a high risk of vascular rejection. 

  9. HCV may also be associated with ANCA-positive 
vasculitis due to the B-cell hyperplasia with diffuse 
autoantibody production. 

 HIV 
 Epidemiology 
 HIV infection has become a global pandemic, resulting in 
35 million deaths since the initial description of AIDS in 
1981. Currently, over 33 million people worldwide are car-
riers of the HIV virus with 65% of the cases residing in sub-
Saharan Africa and 11% living in Asia, primarily in India. 93

Over 2.5 million new HIV cases are diagnosed each year. 
In the United States, 1.2 million people carry the HIV virus, 
with an annual incidence of    55,000 new cases reported 
each year. 94  Compared to the 330 million carriers of hepati-
tis B and the 170 million carriers of hepatitis C, HIV infec-
tion carries a signi  cantly higher case fatality rate. 

 HIV genetically arose from the simian  immunode  ciency 
virus and crossed over into a human pathogen from mon-
keys and chimpanzees in Cameroon and East Africa. 95  HIV is 
a lentivirus and consists of three main distinct groups: M, N, 
and O. The majority of infections seen worldwide belong to 
group M. 96  The M group is further categorized into 10 sub-
types or clades (A through J), with subtype B being the most 
common species found in the United States and Europe. 97  

 Demographically, the most common method of trans-
mission of HIV worldwide is through heterosexual expo-
sure, which explains the   nding that 50% of HIV patients 
are women. 98  The vertical transmission of HIV occurs in one 
third of infected mothers and remains a major route of HIV 
acquisition in Africa. Parenteral transmission from intrave-
nous drug abuse and homosexuality continue to be impor-
tant ongoing sources of HIV infection. 

 In the United States, African American and Hispanic 
 patients are overrepresented within the HIV population 
compared to their distribution in the general population. 99  
Both of these ethnic groups each comprise 15% of the U.S. 
population, but account for 50% (African American patients) 
and 35% (Hispanic patients) of the HIV population. 100  This 
excess risk may be related to both socioeconomic as well as 
genetic susceptibility factors. Caucasian patients may carry 
a high rate of polymorphism for the primary HIV receptor: 
chemokine receptor 5 (CCXR5). Inheritance of these alleles 
either as a heterozygous or a homozygous expression for the 

 HIV-associated nephropathy (HIVAN) 
 Collapsing variant of focal segmental 

glomerulosclerosis (FSGS) 
 HIV immune complex disease of the kidney (HIVICK) 

 Diffuse proliferative glomerulonephritis 
 IgA nephropathy 
 Proliferative glomerulonephritis (lupus-like variant) 
 Membranous glomerulonephritis 
 Mesangial proliferative glomerulonephritis 

 Thrombotic microangiopathy 
 Hepatitis-related glomerulonephritis (coinfection) 

 Hepatitis C 
 Type I membranoproliferative 

glomerulonephritis with cryoglobulinemia 
 Hepatitis B 

 Membranous glomerulonephritis 
 Membranoproliferative glomerulonephritis 

 “Classic” FSGS 
 Fibrillary glomerulonephritis 
 Postinfectious glomerulonephritis 
 Diabetic nephropathy 
 Amyloidosis 

 Glomerular Syndromes in HIV Patients 
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population).112 In the HAART naïve populations of Nigeria, 
Rwanda, and South Africa, the presence of proteinuria in 
the adult population with HIV ranged between 10% to 30%, 
with biopsy-proven HIVAN being present in 70% to 80% of 
these patients. 113

HIVAN has a unique racial predisposition, with   95%
of cases being diagnosed in Black patients. This overrepre-
sentation of the Black race may be a consequence of multiple 
genetic risk factors in  uencing viral entry into cells and the 
host cytokine response. In addition to the polymorphism 
for the CCXR5 receptor, as previously discussed, the most 
recent genetic risk factor described for HIVAN deals with 
variants of the myosin heavy chain 9 (MHY9) protein. This 
IIa isoform is a nonmuscle-associated heavy chain that is 
present in the podocyte and is associated with actin and is 
coded for on chromosome 22. 

Linkage disequilibrium studies have demonstrated 
14 single nucleotide polymorphisms for this gene, which 
lead to a higher risk of ESRD and idiopathic FSGS but, in 
addition, resulted in a signi  cant risk of HIVAN in Black 
patients.114 The presence of these polymorphisms is rare in 
the Caucasian European population and may explain the 
marked susceptibility of Black patients to developing CKD 
and ESRD. 115

More recent data suggest that the MHY9  polymorphisms
may be a surrogate marker by linkage to inheritance of an-
other gene disorder of the apolipoprotein 1 gene (APOL1). 116

This gene is also present on chromosome 22 and is highly 
associated with FSGS and ESRD in patients of African ori-
gin.117 Variations in APOL1 (G1 and G2) confer resistance to 
trypanosome infections, which may explain the  persistence
of this recessively inherited gene in the African popula-
tion.118 The localization and role that APOL1 plays in podo-
cyte function has not been de  ned and the expression of 
mRNA for APOL1 in the podocyte has only recently been 
demonstrated in the cell culture. 119

Additional HIVAN susceptibility genes may be present, 
which interact with viral gene products to increase the risk 
of developing podocyte injury and renal disease. 120 In the 
mouse transgenic model for HIVAN (Tg26), three distinct 
gene loci have been identi  ed, with one (HIVAN1) having 
a human counterpart on chromosome 3 and additional po-
tential candidates for susceptibility genes being located on 
chromosomes 11,14, and 16. 121 The important contribu-
tion of a genetically susceptible host combined with virus- 
mediated gene products as a cause of HIVAN is becoming 
increasingly emphasized. 

The method of acquisition of HIV has not been shown 
to be a risk factor for the development of HIVAN. Previ-
ous reports have linked intravenous heroin use with a 
risk of HIVAN based on the frequent   nding of FSGS as 
part of the spectrum of heroin nephropathy. 122 However, 
the FSGS reported as part of heroin nephropathy differs 
from the collapsing variant of FSGS seen with HIVAN, and 
may have been related to adulterants of the heroin itself 
and therefore unrelated to undiagnosed HIV infections. 123

HIV patients are frequently coinfected with HCV (25% to 
30%) and/or with HBV (2% to 9%), and these viral diseases 
may result in their own characteristic glomerular syndromes. 
Glomerular disease represents only a subset of all HIV-related 
renal diseases that otherwise involve a spectrum of acid base 
and electrolyte disorders, AKI, CKD, and highly active anti-
retroviral therapy (HAART)-related nephrotoxicity. 

 HIV-Associated Nephropathy 
 Epidemiology 
The pathologic lesion of collapsing FSGS has been consi-
dered the hallmark of HIV renal disease and carries the 
designation HIV-associated nephropathy (HIVAN). This glo-
merular   nding was originally described in AIDS patients in 
1984 in New York and Miami. 104 Subsequently, HIVAN was 
documented to account for  90% of all glomerular disease 
found in HIV patients prior to the HAART era, which started 
in 1995. More recently, only 35% to 50% of renal biopsies in 
HIV patients demonstrate this classic lesion. 105

HIVAN represents the third leading cause of ESRD in 
African American males ages 20 to 64 years old in the United 
States.106 In the U.S. dialysis population, 1.6% of patients 
are HIV positive with HIVAN being responsible for approxi-
mately 50% of these cases of ESRD. 107 Looking at this data 
from the alternate perspective, non–HIVAN-related renal dis-
ease accounts for up to 50% of the cases of ESRD in HIV pa-
tients, and these etiologies may be related to HIV-associated 
immune complex disease of the kidneys (HIVICK), diabetes, 
hypertension, FSGS, HCV, and/or HAART therapy. 

HIVAN is considered to be a consequence of uncon-
trolled viral replication, with the majority of patients having 
a CD4 count  200/mm3 and having a markedly elevated 
viral load. 108 The presence of a low CD4 count with a low 
viral load confers a signi  cantly greater risk for developing 
HIVAN (OR    3.5) than the presence of a high viral load 
but with a CD4 count  200 mm 3 (OR    2.0). These data 
suggest that it is the biologic effect of the virus at the  cellular
level that is more important for the development of renal 
disease than simply the amount of circulating virus. The 
combined presence of both a low CD4 count and a high 
viral load resulted in the highest risk of HIVAN, with an 
OR of 6.1. 

Conversely, the presence of a viral load   400 copies 
per milliliter is a strong negative predictor for the presence 
of HIVAN. 109 However, recent reports show that approxi-
mately 20% to 30% of HIV patients may have HIVAN in 
the absence of circulating viremia. In these patients, the 
detection of proviral DNA in peripheral blood mononu-
clear cells or renal tissue will demonstrate the HIV viral 
infection.110

Current estimates place a 2% to 10% lifetime risk of 
developing HIVAN in untreated HIV patients. 111 The most 
comprehensive data on the risk of HIVAN comes from sub-
Saharan Africa, where a conservative estimate of 2.6 mil-
lion cases of HIVAN may be present (10% of the total HIV 

1300



CHAPTER 47  VIRAL GLOMERULONEPHRITIS 1301

The Infectious Disease Society of America (IDSA) has 
now placed urinalysis screening as part of the workup in all 
HIV patients with a threshold of 1   proteinuria requiring 
additional quantitation. 130 However, a screening urine dip-
stick target of this level has a sensitivity level of only 79% 
for signi  cant proteinuria that may be clinically relevant as a 
sign of intrinsic disease. 131 Therefore, in light of the microal-
buminuria data, a random urine microalbumin or albumin/
creatinine ratio may be a more sensitive tool as compared to a 
urinalysis for the evaluation of renal disease in HIV patients. 

Although classic FSGS patients universally have hyper-
tension (HTN) associated with progressive CKD, only 12% 
to 20% of HIVAN patients will demonstrate HTN in the 
setting of collapsing FSGS. HIV-associated upregulation of 
cytokines leading to peripheral vasodilation and a possible 
renal tubular sodium natriuresis may counteract the devel-
opment of HTN in patients with HIVAN. 132 The presence of 
signi  cant HTN should lead to the consideration of an alter-
native differential diagnosis such as HIVICK, coexistent HBV 
or HCV renal disease, or HAART-related HTN. 133

The presence of large size (  13 cm), highly echogenic 
kidneys on ultrasound have been widely promoted as mark-
ers for the presumptive diagnosis of HIVAN. However, on 
critical review, these   ndings do not have the predictive 
value to make them reliable clinical tools. HIVAN has been 
associated with large size kidneys due to the development of 
microtubular dilation. 134 This pathologic   nding is not pres-
ent in patients with HIVICK. However, only 12% to 28% of 
HIVAN patients have large kidney size by ultrasound with 
a sensitivity of 24% and a positive predictive value of only 
44%.135 In light of this data, the importance of kidney size 
has been overemphasized as an important feature of HIVAN. 

The presence of increased renal echogenicity by ultra-
sound may be a better re  ection of signi  cant renal paren-
chymal disease. The level of echogenicity of the kidney is 
compared to the liver and can be graded qualitatively by 
categories of severity. When the degree of echogenicity is 
qualitatively de  ned (0 to 4  ), then the predictive value at 
the extremes of the grades can have a sensitivity of 96% and 
a speci  city of 51%. 136 Most radiology centers do not use a 
scale for determining the degree of echogenicity and, there-
fore, this   nding is not a reliable clinical   nding for HIVAN. 
Pelvicalyceal thickening has been reported as a highly spe-
ci  c   nding in HIVAN, but this radiologic feature has not 
been further replicated in a large cohort. 137

HIVAN should also be considered in patients with HIV 
that present with AKI. Overall, patients with HIV are more 
prone to AKI either from acute tubular necrosis (ATN) or 
nephrotoxic agents and experience a signi  cantly higher 
mortality compared to AKI in the general community. 138

HIVAN was noted in the background of AKI in 20% of pa-
tients, indicating that this lesion should be considered a 
potential risk factor for AKI. 139 Any HIV patient with AKI 
should be evaluated for the presence of preexisting HIVAN. 

The IDSA Guidelines also recommend estimating GFR in 
addition to a screening urinalysis for all HIV patients.  HIVAN 

HIVAN is not synonymous with heroin nephropathy and is 
a distinct disorder related directly to HIV, regardless of the 
method of exposure. 

 Clinical Diagnosis 
There are six clinical clues that can be used to predict the 
diagnosis of HIVAN: (1) patient demographics, (2) the pres-
ence or absence of effective HAART therapy, (3) the degree 
of proteinuria, (4) the presence or absence of hypertension, 
(5) the radiologic appearance of the kidneys, and (6) the 
presence or absence of hematuria. Black race remains one of 
the most important discriminating features between HIVAN 
and HIVICK and non–HIV-related renal disease. HIVAN is 
distinctly unusual in non-Black patients (  10%), and this 
immediate demographic   nding should lead to an alterna-
tive differential diagnosis other than HIVAN. 124

Because HIVAN is a manifestation of uncontrolled HIV 
infection, the presence of a HAART-treated patient should 
raise suspicion that an alternative cause of renal injury is 
present. The measurement of the CD4 count and viral load, 
as discussed, will usually differentiate the risk of HIVAN 
from other causes of nephropathy. 

As a consequence of the presence of collapsing FSGS, 
HIVAN should be suspected in any HIV patient with ne-
phrotic-range proteinuria. 125 However, due to the presence 
of other glomerular diseases as a result of an HIV infection, 
the sensitivity and speci  city of nephrotic-range proteinuria 
for HIVAN was 69% and 67%, respectively, with positive 
and negative predictive values of 52% and 80%. Although 
nephrotic range proteinuria is the most common present-
ing clinical   nding for HIVAN, the diagnostic criteria for the 
presence of the nephrotic syndrome may not be ful  lled. 
HIVAN patients may have signi  cant hypoalbuminemia but 
no evidence of edema on physical examination compared 
to the marked edema in classic FSGS patients. The etiology 
for this may be related to the production of high levels of 
nonspeci  c hypergammaglobulinemia, which may offset the 
loss of oncotic pressure in these patients, thus preventing 
edema formation. 126

The predictive value of microalbuminuria in the early 
detection of HIVAN has not yet been de  ned. Overall, mi-
croalbuminuria has been detected in 11% of HAART-naïve 
HIV patients, with rates of 15% in Black patients and 7% 
in Caucasians. 127 In a longitudinal study, 15.7% of patients 
with microalbuminuria progressed to overt proteinuria, 
whereas 14% of patients without microalbuminuria devel-
oped microalbuminuria on follow-up. 128 Microalbuminuria 
was associated with lower CD4 counts and higher viral 
loads, suggesting that HIVAN and/or other tubulointerstitial 
injury may be a likely   nding on renal biopsy. Renal biopsies 
in HIV patients with microalbuminuria have demonstrated 
unsuspected HIVAN lesions in   85% of patients. 129 There-
fore, in addition to being a predictor of the development 
of CKD, increased cardiovascular morbidity, and mortal-
ity,  microalbuminuria in HIV patients may be an early sign 
of HIVAN. 
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The typical markers of a mature podocyte, including vimen-
tin, synaptopodin, podocalyxin, and WT-1, are lost and the 
cell acquires new macrophage epitopes such as KP-1 and Ki-
67.150 In conjunction with the upregulation of these prolifera-
tion markers, there is a loss of p27 and p57, which usually 
downregulate the cell cycle. Podocytes normally do not repli-
cate but, as a consequence of HIV infection, they now develop 
a dedifferentiated proliferative and hyperplastic  capacity. 151

A transgenic mouse model (Tg26) has demonstrated the 
importance of the cellular expression of the HIV genome as a 
cause of nephropathy. 152 These animals carry a noninfectious 
HIV construct in renal tissue, which leads to FSGS even 
when these kidneys are transplanted into normal littermates. 
In contrast, normal kidneys transplanted into the transgenic 
animals did not develop glomerular disease. These   ndings 
demonstrate the fact that circulating HIV virions are not im-
portant for the development of HIVAN, but rather, it is the 
presence of an intracellular HIV infection that dictates the 
expression of renal disease. 153

The entry of HIV into renal cells must occur through 
a separate and distinct pathway compared to its ability to 
infect T lymphocytes. The CD4 receptor and the chemokine 
receptors (CCXR4 and CCXR5) have not been demonstrated 
in renal tissue. Possible methods for viral entry in the kidney 
include transcytosis, lipid rafts, microparticles, and C-type 
lectin receptors. 154–155

Once viral entry is established, the 15 translation prod-
ucts from the nine genes of the HIV genome interplay to 
cause HIVAN. 156 Of these genes, at least three have been 
strongly implicated in directly causing the podocytopathy: 
Tat (transactivating protein), Nef (negative factor for viral 
replication), and Vpr (viral protein r). Both the Nef and Vpr 
genes independently and synergistically result in the devel-
opment of podocyte dysregulation. 157 These gene products 
appear to exert their action by activating the Src kinase 
pathway with increased Stat3 and MAPK1. 158 In addition, 
Nef may cause proteinuria by interfering with the actin cy-
toskeleton of the podocyte by inducing a loss of stress   bers 
and increasing lamellipodia through the activation of Rac1 
and the inhibition of RhoA. 159 The Tat  protein complements 
these changes by causing increased glomerular permeabil-
ity due to a marked reduction in nephrin expression. 160 In-
creased cytokine expression also plays a pivotal role in the 
development of HIVAN with increased vascular endothelial 
growth factor (VEGF) and nuclear factor kappa B (NF-  B)
production by the podocyte. 161 These molecules promote 
further podocyte proliferation, leading to the collapsing le-
sion and increased cellular apoptosis both in the tubules 
and in the glomerulus. 162 Finally, newer pathophysiologic 
pathways have been identi  ed, which include the mamma-
lian target of rapamycin (mTOR) pathway and the notch 
signaling pathway, both of which are highly upregulated in 
HIVAN. 163,164 The complex interplay of all these pathways 
is still under investigation but remains a vital goal in order 
to better develop targeted therapy to interrupt the sequence 
of events that cause HIVAN. 

is often associated with a signi  cant reduction in GFR, with 
the majority of patients having stage 3 CKD at the time of 
diagnosis.140 The validity of using estimated GFR (eGFR) 
equations in HIV patients has not been established, although 
the Modi  cation of Diet in Renal Disease (MDRD) formula 
appears to have superior accuracy compared to the Cockcroft 
and Gault equation in this population. 141 The new Chronic 
Kidney Disease Epidemiology Collaboration formula (CKD-
EPI) formula has been compared to the MDRD equation and 
showed signi  cantly closer correlation with isotopic measure-
ments of GFR, especially at a GFR  60 mL per minute. 142

 Pathophysiology of HIV-Associated 
Nephropathy 
HIVAN represents a unique constellation of four key pathologic 
  ndings in the renal biopsy: (1) collapsing FSGS, (2) microcys-
tic dilation of the tubules, (3) interstitial nephritis, and (4) the 
presence of intracytoplasmic tubuloreticular bodies. By de  ni-
tion, the only speci  c requirement to ful  ll the diagnosis of HI-
VAN is the presence of collapsing FSGS in the setting of an HIV 
infection with the remaining lesions being found in variable 
frequencies. 

The glomerular lesion of collapsing FSGS seen in HIVAN 
is distinct from the immune complex proliferative GN of HIV-
ICK and the classic perihilar and tip lesions seen with idio-
pathic FSGS. The hallmark of HIVAN is the proliferation and 
hypertrophy of the glomerular podocytes, leading not only to 
the physical involution of the glomerular tuft from the mass of 
overhanging cellular bulk, but also from the impaired synthesis 
of the normal glomerular basement membrane. The proper col-
lagen composition of the basement membrane is dependent on 
podocyte function, and an increase in immature type IV colla-
gen production was noted in HIVAN patients. 143 The decrease 
in GFR is subsequently related to the loss of ultra  ltration sur-
face area as well as a loss of the ultra  ltration coef  cient. 

The cells that comprise the hyperplastic cap on top of the 
glomerular capillary tuft are not solely comprised of visceral 
epithelial cells but appear to also be of parietal cell origin 
based on the presence of speci  c parietal cell markers (CK8 
and PAX2). 144 This   nding of the coexistence of parietal and 
visceral epithelial cells in the collapsing lesion of FSGS is not 
unique to HIVAN and is also present in pamidronate-induced 
and idiopathic-collapsing FSGS. 145

The current working hypothesis for the genesis of these 
hyperplastic cells is direct viral infection with the transcrip-
tion of the viral genome leading to an uncoupling of cell 
differentiation. 146 HIVAN is categorized as a podocytopathy 
nicknamed the “dysregulated podocyte syndrome.” 147 An 
HIV infection of renal cells is not restricted to only glomeru-
lar epithelial cells, but can also be found in tubular epithelial 
cells, collecting duct cells, and mesangial cells. 148 Indeed, 
renal tissue has been shown to be a potential reservoir for 
HIV even when there is no detectable viremia. 149

The primary alteration of the podocyte by HIV is char-
acterized by a physical change to a macrophage phenotype. 
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could not offer any proven guidelines for therapy. 173 The 
treatment strategies discussed in the following section are 
limited by the individual study designs, but they do offer 
a reasonable clinical scheme to follow based on the current 
scienti  c literature. 

The strategy for the successful treatment of HIVAN 
is based on the basic premise that the glomerular disease 
results from active viral infection of renal tissue with the 
transcription of the HIV genome. Elimination of the viral 
load followed by efforts to reduce cytokine production, to 
decrease the interstitial in  ltrate, and to reduce proteinuria 
comprise the goals of a coordinated therapeutic plan. Con-
sequently, HAART therapy remains the a priori therapeutic 
intervention upon which all adjunctive treatments are then 
added. 

HAART therapy can prevent the development of HI-
VAN in 60% of treated patients and, when initiated after the 
diagnosis of HIVAN, may reduce the rate of progression to 
ESRD by 38%. 174,175 In HIVAN patients who present with a 
decreased GFR, HAART therapy can result in an improve-
ment in renal function. 176,177 Conversely, patients with HI-
VAN who stop HAART therapy experienced an accelerated 
decline of renal function. 178

The bene  t of HAART therapy on the real function in 
HIVAN can be correlated directly to the degree of viremia 
control. 179 The odds ratio in a multivariate analysis for an 
improvement of GFR with a decrease in viral load was 7.3. 
An average increase in GFR with HAART therapy was 10 mL 
per minute. 180

The improvement in GFR with HAART therapy corre-
lates with a reversal of the histologic lesions of HIVAN. 181

With control of HIV viremia, the podocyte phenotype can 
revert back to its normal nonproliferating state with a regres-
sion of the collapsing lesions. This is characterized by loss 
of the proliferative Ki67 markers and a reacquisition of syn-
aptopodin, WT-1, and the other markers of a mature podo-
cyte. In addition, the microcystic dilation of the tubules can 
regress with an improvement in the appearance of the inter-
stitial space. The capacity for regression of HIVAN  lesions
likely is dependent on the degree of interstitial   brosis and 
glomerulosclerosis that is present. 

The role of HAART in the treatment of microalbumin-
uria in HIV patients is not established. Because the majority 
of HIV patients with microalbuminuria will have HIVAN on 
biopsy, this cohort appears to be an ideal target group for 
the early initiation of HAART. One study has  demonstrated
a decrease in microalbuminuria of 45% to 90% in more 
than 70% of treated patients. 182 Therefore, HAART has an 
antiproteinuric effect for patients with fully established ne-
phrotic syndrome as well as in patients with microalbumin-
uria. The IDSA guidelines support the initiation of HAART 
therapy once the diagnosis of HIVAN is made. 183

Corticosteroids have been successfully used in HIVAN as 
short-term therapy to improve renal function and to  reduce 
proteinuria. Multiple retrospective case control and cohort 
studies using prednisone starting at 1 mg per kilogram per 

The second major diagnostic feature of HIVAN after col-
lapsing FSGS is the presence of microcystic dilation of the 
tubules, which can be found in 60% of cases. 165 By de  ni-
tion, these tubules are ectatic and assume a size three times 
larger than the diameter of a normal adjacent tubule. They 
result from the same altered rate of proliferation and apop-
tosis that occurs in the podocytes, and HIV gene expres-
sion can be isolated from the affected tubular cells. Multiple 
nephron segments are involved by the microcystic dilation, 
including the proximal and distal tubules and the collect-
ing ducts. 166 Interestingly, as the tubular dilation increases 
and the epithelium becomes   attened, HIV gene expression 
ceases and the growth of the cysts becomes self-limiting. 167

This explains why the cysts never reach the size of those 
seen in autosomal dominant polycystic kidney disease and 
remain only microscopic and below the cortical surface. The 
mechanisms responsible for the loss of HIV gene transcrip-
tion with cyst expansion have not been de  ned. The kidney 
size actually increases based on ultrasonography in 12% to 
30% of patients due to the abundant tubular microcysts. 

The third feature of HIVAN is the presence of an intersti-
tial in  ltrate consisting primarily of CD8   T cells and plasma 
cells. The average CD4/CD8 ratio in the renal biopsy speci-
men is 0.35 and may re  ect the systemic T-cell subset ratio. 
Often, the degree of interstitial in  ammation may be out 
of proportion to the degree of glomerulosclerosis. 168 There 
is a marked upregulation of local    and    IFN production, 
which further increases the antigenicity of the renal tubular 
cells by enhancing the expression of class II HLA antigens. 169

Additional in  ammatory mediators are prominently activat-
ed within the interstitial in  ltrate, especially NF-  B.170 The 
presence of an interstitial in  ltrate in the absence of collaps-
ing FSGS in an HIV patient may occur in 20% of cases. 171 In 
these cases, the interstitial in  ltrate usually represents an al-
lergic drug reaction possibly to antibiotics, nonsteroidal anti-
in  ammatory drugs (NSAIDs), or HAART therapy. 

The presence of tubuloreticular inclusion (TRI) bod-
ies is the fourth most important feature of HIVAN and are 
present in   90% of cases. These lesions are found in glo-
merular and tubular endothelial cells as well as in in  ltrating 
leukocytes.172 TRI bodies are not pathognomonic of HIVAN 
because they may be seen in systemic lupus erythematosis 
(SLE). Morphologic analysis shows that these particles are 
approximately 20 to 25 nm tubule structures, are intracy-
toplasmic, and are located in the dilated cisternae of the en-
doplasmic reticulum and the perinuclear Golgi  apparatus.
TRI bodies are not viral particles but represent the effects of 
upregulation of IFN on the aggregation of acid glycoproteins. 
Therefore, an alternative name for the TRI bodies seen in HI-
VAN and SLE is interferon footprints. 

 Treatment of HIV-Associated Nephropathy 
All treatment recommendations for HIVAN are based on in-
dividual center observational reports. In a Cochrane Data-
base Review of HIVAN therapy, no randomized controlled 
trials were found in the literature and, therefore, the authors 
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The unifying feature of these three forms of HIVICK is the 
identi  cation of mesangial and glomerular basement im-
mune complexes associated with HIV antigens as an integral 
part of the complex. 197 HIV patients with coexisting hepatitis 
C or hepatitis B may develop renal lesions speci  c to those 
viral infections, and although immune complexes are present 
as the primary etiology of their glomerular injury, they do not 
involve HIV antigens. Therefore, these renal diseases will be 
discussed separately in the following text and are not consid-
ered part of HIVICK. 

 Pathophysiology of HIV Immune Complex 
Disease of the Kidneys 
By de  nition, establishing the presence of immune  complexes 
by immuno  uorescence and/or by electron microscopy is a 
prerequisite for the diagnosis of HIVICK. These immune 
complexes may appear all by themselves in isolation or in the 
context of other features of HIV (TRI, microcystic tubular dila-
tion, or interstitial nephritis) in 29% of cases. Therefore, the 
key distinguishing feature between HIVAN and HIVICK lies 
strictly in the glomerular pathology—either collapsing FSGS 
for HIVAN or immune complex–mediated GN in HIVICK. 198

The development of HIVICK represents a unique varia-
tion of the immune response to HIV infection. 199 Hypergam-
maglobulinemia is a common   nding in most HIV patients 
and indicates a generalized B-cell reaction to the HIV infec-
tion, often with low levels of ANCA, ANA, and other “auto-
immune “ markers being present. However, these are  usually
of low titer and are not associated with clinical disease. 
HIVICK is the end result of insoluble immune complexes 
formed, targeting an array of HIV antigens either in the pe-
ripheral circulation or in situ in the glomerular basement 
membrane. Speci  cally, in IgA nephropathy, an IgA-p24 im-
mune complex has been identi  ed, and in MPGN and mem-
branous GN, both IgG–gp-120 and IgG-p24 complexes are 
present. 200

 HIV Immune Complex Disease of the 
Kidneys–Immunoglobulin A Nephropathy 
IgA nephropathy is found in approximately 5% to 10% of 
renal biopsies in HIV patients, with an increased predomi-
nance in Caucasian and Asian populations. 201 Patients may 
present with nephrotic syndrome alone or with a combi-
nation of hematuria and nonnephrotic range proteinuria. 
It was initially suggested that IgA may occur by chance in 
any HIV population of Asian or Caucasian descent due to the 
high incidence of IgA in these general populations. 202 How-
ever, the   nding of HIV p24 directly as part of the mesangial 
immune complexes bound to IgA con  rms the role of HIV 
as an etiology for this glomerulopathy. 

 HIV Immune Complex Disease of the 
Kidneys–Lupus-like Glomerulonephritis 
This form of diffuse and focal proliferative GN differs from 
other HIVICK lesions due to a marked predisposition in Black 

day tapered off over a 2 to 9 month period have supported 
the bene  t of this therapy in HIVAN. 184–185 Steroid use was 
associated with an odds ratio for the development of ESRD 
of 0.20 to 0.29 (71% to 80% reduction in ESRD) and with 
a 40% improvement in GFR. Importantly, no signi  cant in-
crease in the rate of infectious complications was noted in 
the steroid-treated groups though a higher risk of avascular 
necrosis was noted. 186

The mechanism of action of steroids may be  primarily
through the eradication of the in  ammatory interstitial in-
  ltrate and reducing local cytokine production. 187 Biopsy 
results before and after steroid therapy show a marked 
improvement in the interstitial nephritis without a major 
change in the glomerular lesion. 188 Steroids directly reduce 
NF- B by increasing the natural inhibitor of this molecule 
I- B and may attenuate the in  ammatory cascade that re-
sults from HIV infection. 189

The data appear to suggest that a short course of steroids 
carries an acceptable risk and is associated with an ameliora-
tion of proteinuria and an improvement in GFR. Theoretically, 
this therapy may be most effective when HIVAN is accompa-
nied by a signi  cant interstitial in  ltrate, but can be tried on a 
short-term basis even in patients without interstitial nephritis 
as long as the degree of   brosis is not pervasive. 

Inhibition of the renin angiotensin system in nephrotic 
HIVAN patients has also been shown to be independently ben-
e  cial in lowering proteinuria and prolonging renal survival. 
The original study of ACEI in HIVAN was with the use of fos-
inopril in 44 HIVAN patients, showing three times an increase 
in renal survival with remission of the nephrotic syndrome in 
 70% of the treated patients. 190 Captopril similarly demon-
strated four times an increase in renal survival in HIVAN and, 
in a multivariate analysis use of captopril or HAART therapy, 
were the only factors that in  uenced maintaining preserva-
tion of renal function. 191 ARB therapy with olmesartan was 
also associated with a protective effect on the development of 
HIVAN in the transgenic HIV mouse model, con  rming the 
role of renin-angiotensin-aldosterone system (RAAS) inhibi-
tion in general as a bene  cial focus of therapy in HIVAN. 192

ACEI or ARB therapy may be bene  cial through mecha-
nisms beyond their effects on proteinuria and intraglomeru-
lar pressure. Angiotensin II is signi  cantly upregulated in 
HIVAN and may directly and indirectly (through TGF-β) lead 
to podocyte injury and interstitial and glomerular   brosis. 
Inhibition of angiotensin II with ARB therapy signi  cantly 
ameliorated histologic podocyte damage in the transgenic 
mouse model for HIV. 193

 HIV Immune Complex Disease of the Kidneys 
HIV immune complex disease of the kidneys (HIVICK) 
represents an emerging cause of glomerular disease in HIV 
patients and may be present in 30% to 45% of cases, mak-
ing it the second most common glomerular disease after 
HIVAN. 194,195 This classi  cation encompasses three major 
categories of glomerular disease: diffuse glomerulonephritis 
(DPGN, “lupus-like disease), MN, and IgA nephropathy. 196
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When both viral diseases are present together, the primary 
renal lesion often results from HCV and is a type I MPGN 
due to cryoglobulinemia. MPGN from HCV is present in 
34% of cases, with HIVAN being present in only 9%. 209

Nonspeci  c cryoglobulinemia can occur in low levels in 
up to 20% of HIV-only infected patients compared to an inci-
dence of 50% in patients with HCV; however, they are rarely 
associated with renal disease. 210 The presence of HTN, system-
ic vasculitis, hematuria, and hypocomplementemia supports 
the diagnosis of MPGN in HCV/HIV coinfected patients com-
pared to the lack of HTN and nephrotic sediment in HIVAN. 211

Coinfection with HCV results in a more rapid rate of 
decline in GFR in HIV patients. 212 The presence of HCV 
coinfection with HIV also increased the risk of death seven-
fold, and the presence of type I MPGN further resulted in an 
odds ratio for death of 6.0. Differentiation of HCV MPGN 
from HIV-associated nephropathy can be made clinically by 
the presence of hypertension, nephritic sediment, hypocom-
plementemia, and the presence of cryoglobulinemia, all of 
which are uncommon in HIV nephropathy (Table 47.4). 213

 Thrombotic Microangiopathy 
Biopsy specimens from HIV patients prior to the HAART era 
in the 1980s frequently showed evidence of a thrombotic mi-
croangiopathy (TMA). The majority of these patients had ad-
vanced AIDS de  ned as a CD4 count   50/mm3 and many had 
coexisting infections or malignancies. 214 Approximately 1.4% 
of pre-HAART HIV cases were complicated by TMA, with an 
autopsy incidence of 30% in AIDS patients. More recently, vir-
tually no cases of TMA have been reported in the post-HAART 
era in patients under strict viral control. 215 The most likely 
causes of TMA in HAART-treated patients currently would be 
a consequence of a secondary malignancy, chemotherapy, or 
another infectious complication unrelated to the HIV virus. 

With regard to the pathophysiology of this lesion in 
HIV patients, the HIV p24 antigen has been isolated directly 
from the endothelial cells in TMA cases, whereas the HIV 
gp120 antigen has been associated with the development 
of a procoagulant state. 216,217 In addition, HIV may induce 
endothelial injury through enhanced rates of endothelial 
cell apoptosis, acquired de  ciency of von Willebrand factor 
cleaving protease, and by increased   broblast growth factor 
activity. 218,219 Furthermore, TMA has also been reported to 
result not directly from HIV but from a coexisting active cy-
tomegalovirus (CMV) infection as a secondary complication 
of immune dysregulation in these patients. 220

The clinical presentation of TMA in the setting of HIV var-
ies from the acute development of AKI to a more insidious onset 
of progressive CKD. 221 Histologic   ndings are typical of TMA 
in the general population, with glomerular thrombi and sero-
logic evidence of hemolysis and platelet consumption. TMA 
may actually precede the clinical diagnosis of HIV and may be 
the   rst presenting complication of this viral infection. 222

The treatment of active TMA in HIV patients has been 
attempted using combinations of plasmapheresis, corti-
costeroids, intravenous immunoglobulin (IVIG), plasma 

patients similar to HIVAN. The other HIVICK lesions have a 
signi  cant predilection for patients that are Asian or Cauca-
sian. This “lupus-like” glomerulonephritis lesion has a unique 
similarity to the DPGN seen in SLE, demonstrating both glo-
merular subendothelial (“wire loop”), mesangial, and subepi-
thelial immune complexes associated with a “full house” stain-
ing on immuno  uorescence of IgG, IgA, IgM, C1q, and C3. 203

An interstitial in  ltrate may be present with predominant B 
cells as opposed to the T-cell in  ltrate seen in HIVAN. A ubiq-
uitous   nding in the lesion is the presence of TRI, which is 
likely a result of heightened intrarenal IFN stimulation. 

These histologic lesions closely resemble SLE nephritis 
with the caveat that the typical SLE autoimmune serology 
is negative and complement levels are not signi  cantly de-
pressed. Most of these patients have active HIV viremia and 
have had HIV for  10 years. The clinical presentation con-
sists of hypertension, a decreased GFR with hematuria, and 
proteinuria consistent with a nephritic urinary sediment. 204

The patient course is one of rapid progression toward ESRD. 

 Treatment of HIV Immune Complex Disease 
of the Kidneys 
Few studies address the treatment outcome of patients with 
HIVICK, although overall renal survival is more prolonged 
compared to untreated HIVAN. 205 HAART does not appear to 
have the same reproducible improvement bene  t in HIVICK 
as it does for HIVAN, although anecdotal cases have shown 
some improvement in GFR. 206 In particular, the lupus-like 
proliferative glomerulonephritis variant of HIVICK progresses 
rapidly toward ESRD in   6 months with no response to cor-
ticosteroids and/or HAART. The lack of consistent bene  t of 
HAART in HIVICK compared to HIVAN even though both are 
caused by active HIV infection can be explained by the meth-
od of renal injury. In HIVAN, the injury is related to alterations 
of the phenotype, which are clinically reversible. In HIVICK, 
there is extensive immune complex deposition that may not 
be remediable, leaving permanent scars and basement mem-
brane damage. Controlling viremia in HIVICK does not affect 
the previously deposited immune complexes. The lupus-like 
variant would be particularly less likely to respond to HAART 
compared to IgA nephropathy and the membranous variants. 

ACEI therapy has been used in HIVICK–IgA nephropa-
thy with an improvement in proteinuria and a stabilization 
of GFR, but there are few reports of its use in other cases 
of HIVICK. 207 Consequently, establishing a   rm  diagnosis 
of HIVICK or HIVAN through a renal biopsy is essential 
in order to provide a more accurate prognosis for an indi-
vidual patient. 208

 Coinfection of HIV and Hepatitis C Virus 
Among all HIV carriers, coinfection with HCV is present 
in 25% to 30% of cases, whereas 8% to 10% of HCV pa-
tients are coinfected with HIV. This conservatively represents 
250,000 patients in the United States and 10 million people 
worldwide who harbor both of these chronic viral infections. 
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Characteristic Features of HIV, HIVICK, HCV, and HBV
TA B L ETA B L E

47.4

HIVICK, HIV immune complex disease of the kidney; HCV, hepatitis C virus; HBV, hepatitis B virus; FSGS, focal segmental glomerulosclerosis; TRI, tubu-
loreticular inclusion; IgA, immunoglobulin A; DPGN, diffuse glomerulonephritis; MPGN, membranoproliferative glomerulonephritis; MN, membranous 
nephropathy; HTN, hypertension; HAART, highly active anti-retroviral therapy; ACEI/ARB, angiotensin converting enzyme inhibitors/angiotensin receptor 
blockers; IFN, Interferon.

HIV  HIVICK  HCV  HBV

Racial predilection  Black  Caucasian  None  None

Gender  Male  1:1  Female  1:1

Renal histology  Collapsing FSGS
Tubular microcysts
Interstitial nephritis
TRI

IgA, DPGN
TRI
Interstitial nephritis
TRI

Type I MPGN
IgM  cryoglobulin
Interstitial nephritis

MN
MPGN
IgA

Serum complement  Normal  Normal  Decreased C3, C4  Normal

Renal ultrasound  Increased 
 echogenicity

Variable  Variable  Variable

HTN Rare  Common  Marked elevation  Variable

Urinalysis  Nephrotic  Nephritic  Nephritic  Nephrotic

Mechanism  Direct viral infection  Immune complex 
(p24, gp120)

Immune complex 
(Cryoglobulinemia)

Immune complex 
(HBeAg)

Therapeutic options  HAART
ACEI/ARB
Steroids

HAART
ACEI/ARB

Interferon
Plasmapheresis
Rituximab
Steroids
Cyclophosphamide

Antiviral
IFN
ACEI/ARB

 infusions, and splenectomies. 223  However, these have been 
 anecdotal case reports, and there is no consensus about the 
ef  cacy of these treatments in the setting of HIV. The suc-
cessful prevention of TMA appears to be achieved primarily 
by control of viremia with HAART. 224  

 Immunotactoid Glomerulonephritis 
 Only six cases have been reported in the literature of im-
munotactoid glomerulonephritis in patients with HIV. 225

Of these cases, 50% were associated with hepatitis C, and all 
cases presented with a combination of hematuria and pro-
teinuria. A cause and effect relationship between HIV and 
immunotactoid disease has not been   rmly  established. 

 Diabetic Nephropathy 
 HIV patients may be at higher risk for diabetes as a result 
of coexistent HCV infection (OR     3.7) or from the use 
of HAART therapy. 226  Diabetic nephropathy has now been 

noted on biopsy series in HIV patients at a frequency of 
5% to 10%. 227  Therefore, although not directly related to 
the HIV virus, diabetic glomerulopathy needs to be con-
sidered in the differential diagnosis of the nephrotic syn-
drome, especially if the patient is on HAART therapy with 
well-controlled viremia, which signi  cantly reduces the risk 
of HIVAN or HIVICK. 

 Key Points: HIV and Glomerular Disease 
  1. HIV glomerular disease may complicate 2% to 10% of 

patients with untreated HIV infection. 
  2. Although a variety of glomerular lesions may be 

 present, the majority of cases are comprised of HIVAN, 
HIVICK, and glomerular disease from coinfection with 
HCV or HBV. 

  3. HIVAN represents a podocytopathy from direct HIV 
infection, resulting in reversion to a macrophage de-
differentiated phenotype. 
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infants from vertical or horizontal viral transmission as well 
as in immunocompromised individuals. 231

Hepatitis B has been subdivided into eight genotypes 
(A through H), with genotype A being present primarily in 
North America, Europe, and Africa. Subgroup characteriza-
tion may be important with regard to virulence and response 
to therapy, with genotype A demonstrating a higher response 
rate to IFN therapy than the other genotypes. In addition, 
genotypes A and D may be more frequently associated with 
certain types of hepatitis-related glomerular disease. Addi-
tional subdivisions of hepatitis B into serotypes based on 
surface epitopes (adr, adw, ayr, ayw) has not yet been linked 
to changes in clinical presentation. 

 Pathogenesis and Diagnosis of 
Acute Infection 
The intact HBV molecule is called the Dane particle, which 
is a 42-nm structure consisting of an outer envelope and an 
inner core. The outer envelope contains lipids, proteins, and 
carbohydrates but importantly expresses the hepatitis B sur-
face antigen (HBsAg). The inner core is composed of partially 
double-stranded circular, viral DNA polymerase, the hepatitis B 
core antigen:HBcAg, and the hepatitis B e antigen (HBeAg). 232

Hepatitis B enters liver cells through endocytosis by way 
of speci  c receptors that have not been de  nitely identi  ed 
but may be related to carboxypeptidase D. Although hepatitis 
B may be predominantly hepatotropic, a secondary reservoir 
for infection may also be present in lymphocytes. After entry 
into hepatocytes, the virus is not directly cytopathic, but hi-
jacks the nuclear enzymes to replicate the viral DNA and pro-
duce additional virions. The primary injury to the liver is the 
indirect result of the immune response to the viral infection. 

After exposure to hepatitis B, cell-mediated immunity is 
initially stimulated to control viral replication. The mobiliza-
tion of cytotoxic lymphocytes is part of the adaptive immune 
response as opposed to the innate immune system. CD8  
T cells and NK cells are responsible for clearance of the vi-
rus through direct cell lysis and indirectly by the stimulation 
of antiviral cytokines such as IFN. CD4   positive cells are 
subsequently recruited to develop an initial IgM neutraliz-
ing antibody response to HBcAg and eventually a long-term 
IgG–HBcAb and IgG– HBsAb. Importantly, IgM–HBcAb may 
persist for up to 2 years after the initial infection and, there-
fore, it is not always indicative of an acute infection. 

IgG-HBsAb is usually representative of previous expo-
sure and clearance of the virus; however, in chronic carriers, 
the presence of HBsAg may coexist with low nonneutralizing 
levels of HBsAb. In addition, in chronic HBsAg carriers, the 
presence of circulating HBeAg may also be present and rep-
resents a greater degree of infectivity and potential systemic 
complications (e.g., cirrhosis, renal disease). 

 Glomerular Syndromes 
The association of renal syndromes with hepatitis B was ini-
tially reported in 1971 and, subsequently, a variety of  renal 

 4. The pathologic spectrum of HIVAN includes collapsing 
FSGS, microcystic dilation of the tubules, interstitial 
nephritis, and the presence of cytoplasmic tubulore-
ticular inclusions. 

 5. HIVAN responds to HAART therapy with reversal of 
the podocyte phenotype to normal and improvement 
of the interstitial lesions. 

 6. Steroid therapy may be bene  cial in HIVAN patients 
with signi  cant interstitial nephritis and acute kidney 
injury. 

 7. HIVICK is distinguished from HIVAN by the presence 
of glomerular basement membrane immune complexes 
composed of HIV antigens. 

 8. The pathologic spectrum of HIVICK primarily 
includes:IgA nephropathy, a lupus-like diffuse prolif-
erative glomerulonephritis, and MN. 

 9. HIVICK does not predictably respond to HAART 
therapy. 

 10. TMA represents another variant of direct HIV infection 
of the kidney with signi  cant endothelial injury. 

 11. Due to the heterogeneity of glomerular disease in HIV 
patients, a renal biopsy is necessary in most cases 
when a glomerular lesion is suspected in order to 
develop an effective prognostic and therapeutic plan. 

 HEPATITIS B 
 Epidemiology 
Hepatitis B is a small partially double-stranded DNA virus of 
the Hepadnavirus family that is the leading cause of hepa-
tocellular carcinoma, chronic hepatitis, and cirrhosis in the 
world.228 Currently, it is estimated that more than one third of 
the world’s population (2 billion people) have been exposed 
to HBV with the development of 400 million chronic carriers 
of hepatitis B antigens. 229 The prevalence of a chronic hepati-
tis B carrier state varies from 0.1% to 2.0% in low-prevalence 
areas (United States and Canada, Western Europe, Australia, 
and New Zealand), to 3% to 5% in intermediate-prevalence 
areas (Mediterranean countries, Japan, Central Asia, Middle 
East, and Latin and South America), to 10% to 20% in high-
prevalence areas (southeast Asia, China, and sub-Saharan 
Africa). In the United States, it is estimated that there are 
750,000 to 1 million HBV carriers. 230 The number of new 
cases in the United States has decreased over 80% in the past 
20 years as a result of the implementation of routine hepati-
tis B vaccination, with 46,000 incident cases being reported 
in 2008. 

The development of a carrier state after exposure to 
hepatitis B is related to the age of acquisition of the virus: 
90% risk of a chronic carrier state after perinatal exposure, 
10% to 20% risk after childhood exposure, and only a 5% 
risk after exposure as an adult. The risk of a carrier state is 
also directly related to the maturity of the immune system 
at the time of exposure, leading to the highest risk seen in 
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dominant antigen in idiopathic MN. The antigen for the im-
mune deposits in hepatitis B MN may arise from three po-
tential viral particles: HBsAg, HBcAg, or HBeAg. In addition, 
from a mechanistic standpoint, the deposit may form from 
either deposition of an IgG immune complex with one or 
more of the stated antigens or with the de novo formation 
of an immune complex after deposition of the circulating 
antigen in the basement membrane,   rst followed by deposi-
tion of the circulating antibody. The size and charge of the 
antigens are an important determinant of their pathogenicity 
and ability to traverse the glomerular basement membrane. 
HBeAg is the smallest of the three antigens at 17 kD with 
HBsAg measuring 35 to 50 kD and HBcAg at 22 kD. 239

Indisputable evidence for the etiologic role of HBeAg in 
the formation of the subepithelial immune complexes comes 
from the use of monoclonal antibodies to localize these anti-
gens in biopsy specimens. Approximately 90% of patients 
with chronic hepatitis B and biopsy proven MN have detect-
able HBeAg in the glomerulus, and  95% of these patients 
have measurable circulating HBeAg. 240

Hepatitis B viral transcripts have been detected in  50%
of renal biopsy specimens in MN, especially in proximal 
tubular epithelial cells and mesangial cells of both adults and 
children. 241 Southern blot and in situ hybridization studies 
of patients with MN demonstrate viral DNA in both nuclei 
and cytoplasm, suggesting that active viral replication may 
occur in renal tissue and their presence is not a matter of 
passive endocytosis from urine or blood. 242 Supporting the 
contributing role of cell injury from the presence of hepatitis 
B antigen deposition or expression is the   nding that trans-
genic mice expressing HBsAg and HBcAg in renal tubular 
epithelial cells show the activation of both the complement 
and the coagulation cascade with the upregulation of acute 
phase reactants. 243 Sera of patients with hepatitis B increases 
the apoptotic cycle in proximal tubular cells via activation of 
the Fas gene expression. 244

Mutational changes in the hepatitis B genome may alter
its renal virulence, and speci  c genomic variations have 
been associated with MN in children. 245 Finally, the  presence 
of podocytopenia in children with MN indicates a link be-
tween hepatitis B infection and podocyte injury, possibly 
through an increased apoptotic rate, thus further leading to 
proteinuria. 246

All the aforementioned data support the primary role of 
viral antigenemia in MN, leading to immune complex for-
mation with a potential role for renal tropism by hepatitis B, 
further enhancing the antigenicity of glomerular tissue. 

 Natural History and Treatment 
Progression of hepatitis B–related MN toward ESRD occurs 
in approximately 25% to 35% of adults compared to a rate 
of  5% in children. 247 Spontaneous biopsy-proven histo-
logic resolution of MN has been shown in children, which 
has been associated with systemic HBeAg clearance. These 
children may still remain HBsAg carriers, but the loss of the 
HBeAg with the emergence of HBeAb likely resulted in the 

lesions have been described as a consequence of either acute 
or chronic hepatitis B infection (Table 47.2). 233–234 Due to 
the heterogeneous nature of these lesions in natural his-
tory and in response to therapy, a renal biopsy is usually 
required, especially to classify the renal syndrome and to 
de  ne the best treatment options. The most common renal 
syndromes from hepatitis B result from the chronic carrier 
state, but even in the acute phase of viral infection a transient 
glomerulonephritis may develop. 

 Acute Glomerulonephritis 
A variety of extrahepatic autoimmune manifestations of hepa-
titis B may develop either during the acute phase of infection 
or in chronic carriers during episodes of acute viral exacerba-
tion. During the initial immune response to hepatitis B expo-
sure, 10% to 20% of patients may develop a systemic immune 
complex–mediated serum sickness reaction. 235 This syndrome 
is characterized by arthralgias, fever, rash, and an acute pro-
liferative glomerulonephritis. The renal lesion rarely leads to 
permanent renal injury and recovers with the clearance of the 
HBsAg viremia. Renal biopsies in these patients demonstrated 
a pattern typical of postinfectious glomerulonephritis. 236 No 
long-term sequela result from this short-term self-limiting im-
mune complex syndrome, and it is often clinically silent. 

 Membranous Nephropathy 
The most common glomerular lesion seen in chronic hepa-
titis B carriers is MN and these cases may comprise 10% to 
15% of all MN diagnoses in adults living in endemic areas 
for hepatitis B. 237 Although rare cases of membranous  lesions
have been reported within months of an acute hepatitis B ex-
posure, the predominant pattern is the development of MN 
 2 years after the onset of a chronic carrier state. In terms 
of epidemiology, children develop MN more frequently than 
adults, and males predominate over females. 

A genetic predisposition may be present with speci  c 
HLA loci (DRB1*1501) and infection with genotype A may 
be a risk factor for the development of MN. 238 There is no as-
sociation of MN with the degree of hepatic enzyme elevation 
or liver histology, and the majority of patients have only mild 
serologic evidence of chronic hepatitis with no evidence of 
cirrhosis. This is in contrast to HIVAN and HIVICK, which 
usually develop only in the stages of advanced HIV infec-
tion, and with hepatitis C–related cryoglobulinemia and 
MPGN, which also develop very late in the course of active 
hepatic infection. In adults, there are two major types of MN 
lesions that have been identi  ed isolated MN or MN with 
superimposed IgA staining. 

 Pathogenesis of Membranous Nephropathy 
The histologic appearance of hepatitis B–related MN is in-
distinguishable from idiopathic MN with clearly de  ned 
subepithelial immune complex deposits. The source of 
these immune deposits, however, is distinct from the phos-
pholipase A2 receptor that has now been shown to be the 
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were noted and MMF was discontinued due to the risk of 
increased viral activity. 

Corticosteroid therapy has been used in MN as sole 
therapy in the absence of concomitant antiviral treatment. 258

A clinical remission of the nephrotic syndrome has been 
reported in   10% of patients with clear evidence of an in-
crease in viral load. In vitro and clinical data con  rm the 
ability of corticosteroids to increase hepatitis B viral replica-
tion. Importantly, because corticosteroids may temporarily 
ameliorate the T-cell-mediated hepatic in  ammation from 
hepatitis B, the withdrawal of steroids after the treatment 
of MN has been associated with signi  cant rebound hepa-
titis.259 As a consequence of the lack of ef  cacy of steroid 
therapy in hepatitis B MN and the risk of worsening viral 
load and liver function studies, steroid therapy is not a viable 
option in MN. 

As a summary of all data reported at present, a meta-
analysis of six clinical trials regarding the treatment of hep-
atitis B MN supports three major conclusions: (1) steroid 
therapy is ineffective in both adults and children with MN, 
(2) antiviral treatment results in a 90% remission rate in pro-
teinuria, and (3) in contrast to earlier reports, spontaneous 
remission rates of proteinuria occur in 30% to 40% of both 
adults and children. 260

 Membranoproliferative Glomerulonephritis 
Membranoproliferative glomerulonephritis (MPGN) repre-
sents the second most common renal glomerular syndrome 
in hepatitis B carriers after MN in both adults and children 
and is characterized by the typical lobular appearance of 
the glomerulus with splitting of the basement membrane 
and mesangial, subendothelial, and even subepithelial 
deposits.261 Both type I and type III MPGN have been de-
scribed in chronic hepatitis B carriers. 262 The clinical pre-
sentation is similar to patients with idiopathic MPGN and 
is characterized by the nephritic syndrome with or without 
nephrotic range proteinuria and decreased levels of serum 
complement (C3 and C4). An HLA association is present 
with an overrepresentation of DRB1*1502 in hepatitis B 
patients with MPGN. Care must be taken to exclude coinfec-
tion with hepatitis C as a cause of MPGN in hepatitis B carri-
ers because up to 10% of patients worldwide carry both viral 
infections. The treatment of hepatitis C–related MPGN with 
cryoglobulinemia is completely distinct from the treatment 
of hepatitis B–related MPGN. 

 Pathogenesis of Membranoproliferative 
Glomerulonephritis
In contrast to the subepithelial localization of immune de-
posits in hepatitis B MN, patients with MPGN have predomi-
nant mesangial and subendothelial deposits. These immune 
complexes are composed of HBsAg and IgG, which, by na-
ture, are signi  cantly larger than HBeAg–IgG complexes, 
thus restricting their passage through the glomerular base-
ment membrane. In rare cases, cryoglobulinemia has been 

cessation of immune complex formation followed by glomer-
ular removal of preexisting subepithelial deposits. Therefore, 
the urgency to treat MN in children must be balanced not 
only by the potential side effects of the therapy, but also by 
the fact that the renal disease may remit spontaneously over 
time. This situation is not true in adults where the degree of 
nephrotic syndrome, hypertension, and loss of GFR tend to 
be more pronounced and unremitting. 248

Because clearance of the virus is a prerequisite for ame-
liorating the renal lesion, therapy has consisted of antiviral 
therapy either in the form of subcutaneous IFN (standard 
or pegylated) or oral inhibitors of viral replication. The most 
common oral antiviral agents used are either nucleotide 
(tenofovir, adefovir) or nucleoside (lamivudine, entecavir, tel-
bivudine) reverse transcriptase inhibitors. 249,250 In the treat-
ment of hepatitis B MN, lamivudine (a cytidine analogue) 
has been the most commonly used agent. 251 Lamivudine 
therapy at 100 mg per day has been shown to reduce pro-
teinuria, resulting in remission of the nephrotic syndrome, 
and is associated with a signi  cant improvement in renal 
survival. 252 Approximately 75% to 85% of patients respond 
successfully to lamivudine, as demonstrated by a complete 
resolution of the HBeAg carrier state and the absence of hepa-
titis B viral replication. Renal remission often follows viral 
remission within 3 to 6 months. 253,254 Persistence of the ne-
phrotic syndrome after 6 months of sustained viral remission 
is unusual and warrants additional investigation. 

Long-term daily use of lamivudine may result in the 
viral acquisition of a drug resistance mutation at the YMDD 
locus. This amino acid sequence becomes altered to YIDD, 
leading to a threefold decrease in sensitivity of the viral 
transcriptase enzyme to inhibition from lamivudine. The 
resistant rate from this mutation is approximately 20% per 
year, requiring ongoing monitoring for breakthrough viral 
replication. 255

Entecavir (a guanine analogue) has similarly been shown 
to effectively control viral replication and reduce proteinuria 
in hepatitis B–related MN and is associated with a signi  -
cantly lower rate of viral drug resistant mutations (  0.2%
per year) compared to lamivudine. 256 Therefore, this agent 
may evolve into the preferred choice of drugs for the treat-
ment of hepatitis B–related MN. 

IFN has also been successfully used to achieve viral 
clearance and a remission proteinuria at rates similar to 
those seen with lamivudine (50% to 90%). Intolerance to 
long-term subcutaneous IFN is present in 10% to 15% of 
patients and limits the use of IFN as a   rst-line therapy for 
MN. The ef  cacy, convenience, and tolerability of oral anti-
viral therapy provides a substantial advantage compared to 
IFN therapy. 

Mycophenolate mofetil (MMF) has been used for hepa-
titis B MN with the expectation that it may provide similar 
ef  cacy as in idiopathic MN. 257 In vitro, MMF demonstrates 
viral inhibitory capacity for hepatitis B; however, in clinical 
practice MMF-treated patients showed a marked increase in 
hepatitis B viremia. Only partial remissions of proteinuria 
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for hepatitis B antigens in a cohort of 50 patients with IgA 
nephropathy in the presence of a chronic hepatitis B carrier 
state (HBsAg positive but HBeAg negative). The presence 
of HBsAg and/or HBcAg was detected in both the mesan-
gium and capillary loops in 82% of patients and in the tu-
bular cytoplasm in 96% of biopsy samples. 269 Southern blot 
analysis and in situ hybridization studies demonstrated the 
integrated form of DNA for hepatitis B, suggestive of viral 
replication in renal tissue. The link between renal tissue 
expression of hepatitis B viral antigens and the presence of 
IgA immune complexes is not clear. Yet to be answered is 
why some patients develop a typical IgG response with im-
mune complex formation, whereas others develop an IgA 
response, which could re  ect individual genetic susceptibil-
ity and hepatitis B genotype variations. 

There are no well-documented reports on the response 
of IgA nephropathy in patients with hepatitis B to either 
antiviral therapy or immunosuppressive agents. From the 
experience with MN, a reasonable approach would be the 
use of antiviral therapy to achieve control of viral replication. 

 Polyarteritis Nodosa 
Hepatitis B is now considered by the American College of 
Rheumatology to be an important causative factor in the 
diagnosis of polyarteritis nodosa (PAN) and an essential 
part of the differential diagnosis. Prior to 1990, hepatitis B 
accounted for 40% to 50% of all cases of classic PAN with a 
progressive decline in the incidence to approximately 6% in 
2000. This marked change in frequency is likely related to 
the widespread use of hepatitis B vaccinations, as well as a 
more successful control of chronic hepatitis B viremia with 
antiviral therapy.  270

The largest review of hepatitis B–associated PAN has 
been published by the French Vasculitis Group and con-
sists of 115 patients accumulated over a 20-year period. 271

From this predominantly European cohort, important de-
mographic information has emerged regarding the clinical 
presentation of PAN in hepatitis B carriers. In only 30% 
of patients, hepatitis B was diagnosed prior to the onset of 
PAN, whereas in the remainder, the diagnosis of hepatitis 
B was made after the diagnosis of this systemic necrotizing 
medium and small vessel vasculitis. PAN appears to be a rel-
atively early manifestation of chronic hepatitis B infection, 
often being diagnosed within a year of the initial diagnosis 
of an HBsAg carrier state. PAN tended to occur in the sixth 
decade and showed a strong male predominance (65%). 
Compared to classic PAN, hepatitis B–related PAN demon-
strated more frequent gastrointestinal involvement, marked 
hypertension, and a higher risk of renal disease. Among the 
different hepatitis B genotypes, the risk of PAN is highest 
with genotype D in contrast to the risk of MN with genotype 
A. Similar to the risk for the development of MN, PAN was 
highly associated with a chronic carrier state that showed 
HBeAg persistence. 272

In addition to the risk of PAN from being an HBeAg 
carrier, the use of a hepatitis B vaccination may also pose a risk 

present in hepatitis B patients, but the titers are often   3%
and the renal histology has not been representative of clas-
sic cryoglobulin deposits. The presence of signi  cant levels 
of cryoglobulins would be suggestive of a coinfection with 
hepatitis C. 

 Treatment of Membranoproliferative 
Glomerulonephritis
Because the pathogenesis of hepatitis B–related MPGN is 
related to viral antigenemia, the same treatment strategy 
should hold true for this disease as with MN. Steroids and 
immunosuppressive therapy have failed to produce any sig-
ni  cant improvement in renal function in these patients. 
Successful clinical remission of MPGN has been achieved 
with lamivudine or IFN in rare individual cases. 263,264 Most 
patients achieve a viral remission but are left with nonne-
phrotic range proteinuria and CKD, consistent with the 
remnant scarring from extensive immune complex injury. 
Overall  50% of patients with MPGN will experience a sig-
ni  cant improvement in renal function with IFN therapy. 

 Focal Segmental Glomerulosclerosis 
The relationship between hepatitis B infection and the 
development of FSGS is circumstantial. Among seven well-
reported cases in the literature, tissue immunohistochem-
istry demonstrated the presence of HBsAg and HBcAg in 
the glomerular basement membrane and mesangium in the 
absence of clearly de  ned immune complexes. 265 All pa-
tients responded to lamivudine therapy with a complete or 
partial resolution of proteinuria, but no follow-up biopsies 
were performed. Although the presence of viral antigens in 
the glomerulus may be a result of passive antigen trapping, 
the reported development of podocyte injury in hepatitis 
B patients may be the link between this viral infection and 
FSGS. At the present time, the management of hepatitis B 
carriers with FSGS remains viral control without a bene  cial 
role for corticosteroids. 

 Immunoglobulin A Nephropathy 
Most case series of renal biopsies in adults with chronic 
hepatitis B report a signi  cant proportion of patients with 
IgA nephropathy, which may be more prevalent than MN 
or MPGN. 266 This preponderance of IgA nephropathy over 
MN is not seen in children with hepatitis B and is isolated to 
adults with HBV. 267 There are two potential explanations for 
this   nding of IgA nephropathy exclusively in adult  patients.
One hypothesis argues that the geographic distribution of 
hepatitis B overlaps with the population at highest risk for 
IgA nephropathy. 268 Consequently, it would not be unex-
pected that IgA nephropathy would occur in patients who 
happen to have hepatitis B, but is unrelated by causality to 
the virus infection. The second explanation centers on IgA 
nephropathy as a direct syndrome related to hepatitis B. 

In support of a direct cause and effect relationship of 
hepatitis B and IgA nephropathy is a detailed tissue analysis 
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hepatitis B vaccination has had a signi  cant impact on the 
development of hepatitis B–related renal disease. Mass vac-
cinations in China and in South Africa have reduced the in-
cidence of hepatitis B carriage rate in the treated population 
by 95%, with a subsequent decrease in MN from hepatitis B 
by  95%.280,281 Prior to 1983, Alaska had the highest inci-
dence of hepatitis B–related vasculitis in the world. By 1989, 
hepatitis B vaccination campaigns resulted in the complete 
elimination of new cases of hepatitis B vasculitis. 282 Because 
the vaccination will not affect preexisting cases of hepatitis B 
in the population and the development of MN only occurs 
after years of a hepatitis B carrier state, the bene  cial effect 
of vaccination on the incidence of MN will not be seen for 
up to 5 to 10 years after beginning a regionwide vaccination 
program. 

 Key Points: Hepatitis B and 
Glomerular Disease 
 1. Acute hepatitis B infection is associated with a self-limited 

immune complex–mediated acute proliferative GN. 
 2. Chronic hepatitis B carriers are at risk of three main 

immune complex–related glomerular diseases: MN 
secondary to HBeAg, MPGN secondary to HBsAg, or 
IgA nephropathy secondary to HBcAg and HBsAg. 

 3. PAN may develop in chronic hepatitis B from immune 
complex deposition in the vascular endothelium and is 
highly associated with HBeAg. 

 4. Antiviral therapy with lamivudine or IFN can success-
fully lead to a remission of MN and PAN. 

 5. Corticosteroids are not useful in the treatment of MN, 
MPGN, or IgA but may be used for short periods in 
severe PAN. 

 6. Advanced PAN can be treated with plasmapheresis in 
conjunction with antiviral therapy and a short course 
of corticosteroids. 

 7. The relationship of hepatitis B and FSGS has not been 
substantiated.

 PARVOVIRUS 
 Epidemiology 
Parvovirus B19 is a single-stranded DNA virus initially de-
scribed in 1974 that has a worldwide distribution. 283 Three 
genotypes have been identi  ed, with genotype 1 represent-
ing the majority of cases in North America and Europe. 
Clinical identi  cation of speci  c genotypes is not clinically 
important due to the 90% sequence homology between 
them and the development of cross-reactive neutralizing 
antibodies that span across the genotypes. 284 Approximately 
50% of children by age 15 test seropositive for antibodies 
against the viral capsid structural (VP1 and VP2) and non-
structural (NS1) proteins of parvovirus, indicating previous 
exposure, and by the sixth to seventh decade, 70% to 85% 
of the population demonstrates seropositivity. 285

for the development of PAN. Over 25 cases have been pub-
lished in the literature, linking the acute development of PAN 
temporally to a recently administered hepatitis B vaccine. 273

 The Pathophysiology of Polyarteritis Nodosa 
In hepatitis B carriers, the two most likely theories for the 
development of PAN include immune complex deposition 
in vascular epithelium or direct epithelial tissue infection 
with viral DNA. 274 The presence of hepatitis B immune 
complexes in PAN has been con  rmed and forms the basis 
for the use of plasmapheresis in severe cases. 275 A different 
mechanism may exist for the pathogenesis of PAN in patients 
where vaccination may have caused the vasculitis. In these 
patients, stimulation of autoreactive T cells and antibody 
production may be the result of processes such as molecular 
mimicry and epitope spreading. 276,277 Exposure of geneti-
cally susceptible patients to hepatitis B antigens within the 
vaccine and the added adjuvant may produce cross-reactive 
lymphocytes that target self-antigens on the epithelium and 
endothelium.278 ANCAs are routinely negative in hepatitis 
B–related PAN. 

 Therapy of Polyarteritis Nodosa 
PAN is a fulminant, life-threatening systemic vasculitis that 
requires the urgent control of in  ammation and the preven-
tion of progressive organ damage from ischemia/infarction. 
Therefore, the use of antiviral therapy alone is usually not 
recommended due to the gradual and delayed clearance of 
viremia, which does not allow for the immediate control of 
the vasculitis. Concessions have to be made to use short-
term steroid therapy with or without plasmapheresis in con-
junction with antiviral therapy to effect a clinical remission. 
Cytotoxic therapy (i.e., cyclophosphamide) may markedly 
increase the risk of viremia and is not recommended as part 
of the adjuvant therapy in these patients. 279 A review of 
published reports on hepatitis B PAN has demonstrated the 
superiority of antiviral therapy (either lamivudine or IFN) 
over steroids in leading to a remission of systemic vasculi-
tis (80% versus 50%) and reducing overall mortality (30% 
versus 46%). 3

Remission and control of PAN has been achieved in 90% 
to 100% of patients that demonstrate systemic clearance of 
HBeAg, and relapses have been associated with a return to 
an HBeAg carrier state. Lamivudine, vidarabine, and IFN 
have been used in separate studies to successfully control 
HBeAg production in 60% to 66% of patients.  Concomitant
short-term steroids were used for a 2-week period and then 
were rapidly tapered off while plasmapheresis was started 
initially at 3 times a week and then gradually withdrawn 
based on the clinical response. 

 Preventive Strategy: Hepatitis B Vaccination 
Ultimately, the most effective treatment of hepatitis B glo-
merular and vasculitic disease is the prevention of exposure 
and the acquisition of the virus. Worldwide institution of 
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glomerulonephritis with mesangial and endocapillary im-
mune complex deposition has been reported. 294–295 The 
usual age of onset is in the second and third decade before 
acquired natural immunity has developed, and a slight fe-
male predominance is present, as has been reported with 
other immune complex diseases such as cryoglobulinemia. 
The clinical presentation consists of acute kidney injury with 
both a nephritic and/or nephrotic syndrome. 296

Immunohistochemistry has demonstrated the presence 
of parvovirus DNA and capsid antigens directly isolated 
from renal tissue with serologic evidence of an acute par-
vovirus infection con  rmed by the presence of circulating 
IgM antibodies. The majority of these patients had a docu-
mented exposure to a parvovirus-infected individual and 
subsequently developed erythema infectiosum. In addition, 
most patients had clinical signs of systemic immune com-
plex disease typical of a parvovirus infection: rash and/or 
symmetrical arthritis/arthralgias. Immuno  uorescent stud-
ies showed a granular staining pattern for IgM/IgG and C3 in 
the peripheral capillary loops and the mesangium. Electron 
microscopy revealed the deposition of discrete subendothe-
lial immune complexes with widening of the subendothelial 
space along with the mesangial deposits. Both C3 and C4 
were transiently depleted in the serum and recovered to nor-
mal levels after resolution of the infection indicating activa-
tion of the classical complement pathway. 297

Compared to the typical postinfectious glomerulone-
phritis seen with streptococcal  infections, the renal lesions 
seen with acute parvovirus infection consist of subendo-
thelial deposits instead of the typical subepithelial deposits, 
lack a signi  cant exudative neutrophilic in  ltrate and cres-
cents, and are associated with only a mild decrease in GFR. 
Differentiation from SLE nephritis is essential and can be 
made by the absence of a “full house” Immuno  uorescent 
staining on biopsy and the lack of serologic autoimmune 
titers.298 Recovery has been predominantly spontaneous, but 
case reports of using short-term steroid therapy have been 
published with anecdotal improvement in renal function. 

A high-risk group for parvovirus-related glomerulone-
phritis includes patients homozygous for sickle cell ane-
mia.299 Acute focal proliferative GN with or without  crescents 
has been reported in this population coincident with active 
parvovirus infection. These lesions may resolve completely, 
but evolution to FSGS and chronic kidney disease has been 
documented.300 The association of parvovirus with renal vas-
culitis from endothelial cell injury has been suggested as a 
cause of these lesions in sickle cell patients as well as the case 
reports showing an association of parvovirus with polyarteri-
tis nodosa, Wegener granulomatosis, microscopic polyangi-
itis, and temporal arteritis. 301,302 These lesions clearly differ 
from the acute diffuse proliferative glomerulonephritis cases 
by the absence of immune complex deposition. The presence 
of parvovirus B19 in the vascular endothelium and failure to 
respond to the typical immunosuppressive therapy used for 
these lesions suggests a causal role of this virus in the patho-
genesis of vasculitis. 303 The development and  exacerbation

Acquisition of the virus occurs primarily through aero-
solized droplet inhalation but may also result from vertical 
transmission, blood and plasma products (factor VIII and 
IX concentrates), or through organ transplantation (bone 
marrow and solid organ transplants). The majority of clini-
cally symptomatic cases in children and young adults are the 
result of a primary parvovirus infection, whereas cases in the 
elderly usually represent reactivation of the disease due to an 
acquired impaired immune surveillance response. 

There are two clinical presentations of parvovirus in 
the general immunocompetent population: erythema infec-
tiosum (Fifth disease) and transient aplastic crises (TAC). 286

These are self-limited illnesses that typically last 4 to 8 days 
and resolve without long-term sequela. During the recovery 
phase of the illness, patients may develop a polyarthropathy 
syndrome as immune complexes form during the period of 
antibody excess with clearance of viremia. A third syndrome 
occurs in the immune-incompetent fetus even though the 
mother may have a normal immune response. Infection of 
the fetal liver and thymus can lead to fetal death from hy-
drops faetalis, particularly during the   rst 20 weeks of preg-
nancy. Finally, in immunocompromised patients (HIV, SLE, 
chemotherapy, organ transplant recipients), parvovirus B19 
must be considered as an important cause of pure red cell 
aplasia (PRCA). 287

 Diagnosis 
Parvovirus B19 infection can be diagnosed by a combination 
of quantitative PCR and ELISA antibody determination. 288

The presence of parvovirus B19 DNA in serum is indica-
tive of ongoing or recent infection and the presence of an 
IgG or an IgM response can further de  ne the time of onset 
of the disease. 289 In many cases, IgM may persist for up to 
4 months after the initial infection and, therefore, it is not a 
sensitive marker for an active acute infection. The absence of 
IgM would be helpful in the presence of an IgG antibody as a 
potential indicator for chronic parvovirus infection. A blood 
PCR would still be needed to con  rm active viremia. 290

In immunocompromised patients, the lack of an ade-
quate immune response relegates the diagnosis primarily to 
the PCR measurement. The presence of IgG or IgM may not 
be reliable in the setting of immunosuppression with im-
paired B-cell activity. 291

Tissue PCR for parvovirus is a new technique that may 
supersede the use of blood PCR as a marker for active in-
fection.292 However, parvovirus DNA may persist in tissue 
for years after the initial infection even in asymptomatic 
patients, and the interpretation of this   nding has not been 
de  ned for routine clinical use. 

 Glomerular Syndromes 
Parvovirus B19 may result in two distinct forms of glomer-
ular disease, corresponding to the time of either an acute 
or chronic viral infection. 293 In patients with acute parvo-
virus infection, a hypocomplementemic diffuse  proliferative 
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therapy and ischemic–reperfusion injury to the grafts was 
felt to result in this thrombotic disorder. 315

In contrast to CMV, which has been linked to the deve-
lopment of acute rejection, parvovirus does not appear to 
cause acute interstitial nephritis or rejection but has been 
demonstrated to be associated with chronic allograft inju-
ry. 316 The persistence of parvovirus DNA in renal tissue after 
transplantation on surveillance biopsies led to a higher risk 
for biopsy proven chronic allograft lesions:interstitial   bro-
sis, arteriolar hyalinosis, and glomerulosclerosis. Not every 
patient with intrarenal evidence of parvovirus infection had 
active viremia, although these patients still showed a higher 
risk of chronic injury. 317 This data suggests a potential role 
for tissue analysis for viral DNA as part of the routine histo-
logic evaluation of renal transplant biopsy specimens. 

 Pathogenesis 
Parvovirus B19 is a cytotoxic virus that targets the erythroid 
progenitor cells and CD36 positive erythroblasts. 318 The 
virus spares the erythroid stem cells because they lack the 
required receptor for viral entry:globoside (P blood group 
antigen).319 Viral entry into the cell results in the initiation 
of the apoptotic cycle. 320 The P blood group antigen is also 
present on endothelial cells, which may be responsible for 
many of the systemic manifestations of the disease: myo-
carditis, synovitis, vasculitis, thrombotic microangiopathy, 
and glomerulonephritis. In addition to the P blood group, 
parvovirus uses the   5 1 integrin for cellular entry and the 
nonstructural protein (NS3) may be an important media-
tor for the interruption of the cell cycle by stimulating DNA 
fragmentation.

Clearance of the virus results from the host IgG response 
to the viral capsid proteins, leading to antibody-dependent 
cell-mediated cytotoxicity but in addition host-cell-mediated 
immunity and cytokine response is also required for com-
plete viral removal. 321,322 A neutralizing antibody against VP2 
and VP1 is required for viral clearance and in patients with 
persistent parvovirus infection, patients often lack an ade-
quate IgG response to VP1. Therefore, the presence of IgG 
antibodies to parvovirus B19 is not indicative of acquired 
resistance because the titer and speci  city of these antibodies 
is not routinely measured. 323 Active viremia may still exist if 
the patient tests positive for parvovirus B19 IgG antibodies, 
and this infection should still be considered in the differen-
tial diagnosis until a con  rmatory PCR study is obtained. 

 Treatment 
The majority of patients with acute glomerulonephritis 
due to parvovirus have shown spontaneous resolution of 
the renal lesion with recovery and clearance of the infec-
tion. Anecdotal cases using steroids and cyclophosphamide 
for cases of crescentic GN have been published but lack 
control cohorts, and this therapy cannot be recommended. 
In immunocompromised patients, parvovirus B19 may re-
quire adjunctive therapy to achieve viral clearance. The two 

of connective tissue disease by an active parvovirus infec-
tion has been described and may be related to the endo-
thelial injury and production of vascular antigen-targeted 
autoantibodies.304

The parvovirus has also been linked to the development 
of both adult and childhood Henoch-Schönlein purpura. 
Analyses performed on skin biopsies and renal tissue has 
localized parvovirus DNA in the endothelium and glomeruli 
in conjunction with IgA deposits, suggesting that they are 
part of the immune complex formation. 305,306

The association of parvovirus and collapsing FSGS has 
been an area of signi  cant debate. 307 The original report by 
Tanawattanacharoen in 2000 showed the presence of par-
vovirus DNA in the parietal and visceral renal epithelial 
cells of 80% of patients with idiopathic FSGS and in 90% 
of patients with collapsing FSGS. 308 Among patients with 
minimal change disease and MN, there was also evidence of 
parvovirus DNA in 50% and 60% of samples, respectively. 
The lack of nucleic acid residues by in situ hybridization in 
any of the samples suggest that active viral replication was 
not currently present in those patients. Therefore, the role 
of parvovirus in the development of the glomerular lesions 
could not be substantiated and suggested that parvovirus 
may be an “innocent bystander” in renal tissue for many 
patients in the population. 

A subsequent report linking parvovirus speci  cally with 
collapsing FSGS was published by Moudgil, con  rming the 
tissue presence of parvovirus DNA in 78% of patients with 
collapsing FSGS but in only 15% of idiopathic FSGS and 
26% of control kidney tissue samples. 309 Systemic parvovi-
rus viremia was simultaneously noted in 87% of collapsing 
FSGS cases but only in  10% of the other renal diseases. 
This study appears to provide greater support for the rela-
tionship of parvovirus and collapsing FSGS. In contrast, in 
kidney transplant patients, no evidence for parvovirus was 
found in large series reviews of recurrent collapsing and 
idiopathic FSGS. 310

Collapsing and noncollapsing FSGS have been reported 
in sickle cell patients with evidence of acute parvovirus in-
fection. Nucleic acid detection of parvovirus in renal tissue 
was present in all three cases examined and all patients ex-
hibited a rapid decline in renal function with no response to 
steroid therapy. 311

Parvovirus can be a signi  cant opportunistic patho-
gen after organ transplantation and is an important cause 
of posttransplant aplastic anemia. 312,313 Acute allograft dys-
function secondary to thrombotic microangiopathy has been 
associated with an active parvovirus infection in renal trans-
plant patients. 314 Resolution of the renal lesions occurred 
concomitant with clearance of the viremia. No evidence of 
parvovirus DNA was noted in preimplantation biopsies of 
these patients and in control surveillance biopsies of well-
functioning grafts. The etiology appears to be renal endo-
thelial cell injury directly from parvovirus infection with no 
evidence of immune complex deposition. A combination 
of parvovirus infection coupled with calcineurin inhibitor 
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in immunocompetent and immunocompromised patients, 
particularly HIV and organ transplant recipients. 

CMV may cause a variety of extrarenal clinical syndromes: 
mononucleosis (21% of all cases), interstitial pneumonia, hep-
atitis, Guillain-Barré syndrome (polyradiculopathy), meningo-
encephalitis, myocarditis, thrombocytopenia with hemolytic 
anemia, skin rash, retinitis, and colitis. 328

 Glomerular Syndromes 
CMV may result in three speci  c renal syndromes: glomerular 
disease, tubulointerstitial disease, and kidney transplant re-
jection with or without glomerular involvement. 329 Nephrotic 
syndrome due to MN with characteristic subepithelial im-
mune deposits has been reported in infants and young chil-
dren with a primary CMV syndrome. 330 The presence of CMV 
nucleic acids located directly in renal tissue was established 
by PCR performed on the biopsy specimen providing indirect 
evidence linking the viral disease with this immune complex 
nephropathy. Congenital CMV disease has been associated 
with a necrotizing and proliferative glomerulonephritis and 
CMV antigens have been detected in mesangial and glomeru-
lar endothelial cells. 331

Reactivation of latent CMV may also be responsible for 
glomerular disease through direct and indirect  mechanisms.
A case of Henoch-Schönlein purpura with vasculitis was 
reported in a 13-year-old child and both PCR and in situ 
hybridization on renal tissue and blood vessels showed 
evidence of active CMV viral infection as a source of the 
immune complexes. 332 Adult IgA nephropathy has been 
associated with active CMV viremia, which resolved after vi-
ral therapy with ganciclovir. CMV antigenemia was  detected
in the mesangial cells of these patients by PCR. Overall, 
the association of CMV with IgA nephropathy is not fully 
established.333

In addition, CMV has been linked to the development 
of type II cryoglobulinemia with a secondary proliferative 
immune complex glomerulonephritis with systemic vascu-
litis as well as the development of type I MPGN in the na-
tive kidneys and posttransplant. 334–335 Collapsing FSGS has 
also been temporally related to an active CMV infection. 336

The sporadic nature of these reports similar to the reported 
association of IgA nephropathy with CMV fail to provide 
suf  cient evidence for a signi  cant causal association to be 
made of these glomerulopathies with CMV. 

In renal transplant recipients, active CMV infection both 
primary and from reactivation has usually been associated 
with either asymptomatic tubular viral inclusions, acute graft 
rejection, and/or the development of chronic transplant glo-
merulopathy. 337 Intranuclear CMV inclusions in tubular and 
glomerular endothelial cells may be detected on biopsy spec-
imens of renal allograft recipients in the absence of an inter-
stitial in  ltrate and typically are detected following a course 
of either induction therapy or treatment for rejection. The 
natural history of renal function in these patients is not clear 
and treatment has been variable, including a reduction in 
immunosuppression and antiviral therapy. It is felt that these 

main forms of therapeutic intervention are a reduction of 
immunosuppression (in transplant recipients) and the use 
of IVIG. 324 A regimen of 400 mg per kilogram per day of 
IVIG for 5 to 10 days has been a recommended regimen, 
or a consolidated dose of 1 mg per kilogram per day over 
2 days can be used. 325 Tacrolimus use may carry a higher 
risk for parvovirus replication and, therefore, conversion to 
a cyclosporine-based immunosuppression regimen may be 
bene  cial in transplant recipients. 

 Key Points: Parvovirus and 
Glomerular Disease 
 1. Acute infection is associated with a self-limiting 

immune complex–mediated diffuse proliferative GN 
with hypocomplementemia. 

 2. Differentiation from postinfectious GN can be made 
by the presence of subendothelial immune complexes 
with parvovirus instead of the typical subepithelial 
location seen with other infections. 

 3. A high-risk group for renal disease are patients with 
sickle cell anemia and immunocompromised patients 
(i.e., transplant recipients). 

 4. IgA nephropathy/Henoch-Schönlein purpura/vasculitis 
may occur with acute parvovirus infection. 

 5. Thrombotic microangiopathy with AKI due to vascular 
endothelial injury from parvovirus has been reported in 
both the general population and in transplant recipients. 

 6. Chronic parvovirus infection has been associated with 
FSGS, particularly the collapsing variant with evidence 
of direct parvovirus infection of epithelial and mesan-
gial cells. 

 7. Chronic allograft nephropathy, but not acute rejection, 
has been linked to persistent parvovirus infection after 
a kidney transplantation. 

 8. A blood or tissue PCR is more sensitive to active 
infection as compared to the IgG and IgM serologic 
response. 

 9. Treatment with IVIG and, when applicable in trans-
plant patients, a reduction of immunosuppression may 
accelerate the clearance of the infection. 

 CYTOMEGALOVIRUS 
 Epidemiology 
CMV is a double-stranded DNA virus that is a member of 
the herpes group virus family. 326 Speci  cally, of the eight 
de  ned herpes viruses, CMV is classi  ed as human herpes 
virus-5 (HHV-5). CMV has a worldwide distribution affect-
ing 60% to 80% of the adult population and is most well 
known for its ability to maintain a latent state. Acquisition 
of CMV occurs throughout early adolescence with 40% of 
children aged 10 to 12 years old demonstrating seropositiv-
ity, and this number increases progressively with age. 327 Both 
primary and secondary forms of CMV infection may occur 
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and prolong the duration of infection. Finally, a single case 
of temporally associated CMV infection and immunotac-
toid glomerulopathy of the renal allograft was reported that 
resolved after treatment of the CMV viremia. 350

 Pathogenesis 
CMV enters the cell through an endocytic pathway using a 
variety of preexisting receptors: PDGFR  , EGFR,  2 1,  6 1,
 v 3.

351 Direct cell invasion by CMV can occur in polymor-
phonuclear cells, T lymphocytes, salivary glands, epithelial 
cells, endothelial cells, neuronal cells, smooth muscle cells, 
and   broblast monocytes and macrophages. 352 CMV is not 
an oncogenic virus and does not immortalize the cells like 
Epstein-Barr virus. CMV infection results in cell cycle arrest 
and diminished cell turnover. 

CMV penetrates the nucleus of the cell and provides 
the genes for production of its own transcription factor, viral 
DNA polymerase. All renal cell lines in vitro have demon-
strated CMV viral entry and early antigen production con-
sistent with proliferation. CMV induces an upregulation 
of HLA class I and class II expression as a consequence of 
enhanced IFN and TNF-   expression. 

 Diagnosis 
The most commonly used method for detecting active CMV 
infection is now the PCR assay. Previously, CMV required 
either viral culture through a “shell vial” technique using 
PMNs or detection of the CMV pp65 antigen in PMNs using
a tagged monoclonal antibody. 353 The quantitative PCR  assay
appears to be the most sensitive and predictive assay of CMV 
disease. The exact cutoff level for viral copies that indicates 
signi  cant infection has not been characterized and may 
vary based on the method used. 354,355

The detection of patients with previous CMV expo-
sure can be done by determining the presence or absence 
of CMV IgG antibodies using ELISA. 356 These nonneutral-
izing antibodies indicate prior exposure but do not guaran-
tee viral control and active viremia can be present in spite 
of detectable circulating levels of CMV IgG antibodies. An 
IgM response to CMV does occur but may persist for months 
after the infection, limiting its use as a marker of acute infec-
tion. Histologic evidence of active CMV replication can be 
suggested by the presence of “owl-eye” intranuclear inclu-
sion bodies, but these   ndings are infrequently seen. Tissue 
PCR for CMV is not standardized for routine use in making 
the diagnosis of CMV induced renal disease. 

 Treatment 
CMV viremia may be treated with therapy, targeting the viral-
induced DNA polymerase. These agents include ganciclovir, 
valganciclovir, foscarnet, and cidofovir. In addition, IVIG 
can be used to enhance viral clearance. Treatment of CMV 
has resulted in a remission of IgA nephropathy supporting 
a permissive role of this virus in the pathogenesis of the 
renal disease. 357 In transplant patients with CMV-associated 

inclusions represent sporadic CMV proliferation in the kid-
ney from an overall state of increased immunosuppression. 

More frequently, CMV tubular inclusions have been asso-
ciated with a signi  cant interstitial in  ltrate of CD8   T cells 
and mononuclear cells. 338 In these cases, it has been postu-
lated that the host response to the CMV infection involves 
signi  cant upregulation of   -IFN increasing the antigenicity 
of the allograft through enhanced HLA expression. 339 This 
sequence of events leads to an acute interstitial nephritis from 
T-cell mediated rejection. The presence of acute renal injury 
and interstitial nephritis due to CMV has also been reported 
in bone marrow transplant recipients, indicating that in this 
circumstance it is the response to the CMV infection that 
leads primarily to the recruitment and migration of the inter-
stitial cells. 340 In these patients, widespread renal tubular epi-
thelial cell intranuclear inclusions of CMV were noted with a 
surrounding T-cell in  ltrate in their native kidneys. 

Less well established is the link between CMV and 
transplant glomerulopathy. 341 Although an initial report 
associated transplant glomerulopathy with CMV viremia in 
1981, many subsequent studies have failed to con  rm this 
association.342 In this original report, a subset of   ve kidney 
transplant patients were noted to have absent tubulointersti-
tial in  ltrates but an acute glomerular injury characterized 
by endothelial cell swelling and the deposition of a   brillary-
like material in the capillaries in the setting of active CMV 
viremia. Additional cases of acute CMV-related glomerular 
endothelial injury have been reported and substantiated 
on the basis of immunohistochemical localization of CMV 
in the glomerular capillaries. 343 The majority of patients 
reported with this lesion have improved with a reduction of 
immunosuppression and antiviral therapy. 

CMV inclusions have been reported in glomerular endo-
thelial cells but not glomerular epithelial cells. 344 Podocyte 
injury would appear to be through cytokine upregulation, 
but this pathway has not been explored in detail in trans-
plant patients with CMV infection. 345 The term transplant 
glomerulopathy is typically used to denote the presence of 
a mesangiocapillary glomerular lesion with nephrotic syn-
drome in the setting of chronic allograft dysfunction. It is 
often associated with chronic humoral rejection. The cases 
of CMV-related glomerular disease in transplant patients 
is more typically representative of an acute glomerulitis. 346

Therefore, it would be more precise to label CMV as a cause 
of acute transplant glomerulitis and not an etiology of trans-
plant glomerulopathy. 347

In HIV patients and organ transplant recipients, CMV 
has been associated with thrombotic microangiopathy and 
renal injury. 348–349 CMV-infected renal endothelial cells were 
detected in 50% of patients with this syndrome and were 
absent in control patients. The link of CMV with thrombotic 
microangiopathy in organ transplant recipients is particu-
larly important because this syndrome is most often associ-
ated with calcineurin inhibitor therapy and treated with a 
dose reduction or cessation of the agent. Failure to recognize 
the contributing effects of CMV may delay potential therapy 
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to measure the hantavirus by PCR is available for most viral 
species and can provide a more rapid diagnosis compared to 
the delay in waiting for the change in IgM titers. 362

 Glomerular Syndromes 
This virus is responsible for the development of two clinical 
syndromes: hemorrhagic fever and renal syndrome (HFRS) 
and hantavirus cardiopulmonary syndrome (HCPS). HFRS 
has been previously labeled as epidemic hemorrhagic fever, 
hemorrhagic nephritis, Songo fever, Korean hemorrhagic 
fever, and nephropathia epidemica. 363 Renal disease can oc-
cur in both syndromes but is most predominant in HFRS. 

HFSR may affect   150,000 people annually world-
wide. The clinical syndrome consists of high fever, systemic 
hemorrhage (DIC), circulatory collapse, and hypotension 
followed by oliguric AKI. 364 A diffuse capillary leak initiated 
by direct viral injury of endothelial cells has been implicated 
as the primary etiology for this syndrome. PCR studies have 
isolated hantavirus from renal vascular endothelial cells, 
especially in the outer medulla. 365

Most importantly is the marked cytokine release that 
occurs in response to the endothelial cell injury that fur-
ther promotes vascular permeability, vasodilation, and hy-
potension.366 IFN-  , TNF-  , IL-2, and IL-6 appear to be 
the primary mediators of vascular and renal injury from 
acute hantavirus infection. The magnitude of the cytokine 
response to hantavirus may be related to the viral species, 
but also may be genetically in  uenced. 367 The Asian and 
European strains of hantavirus are more virulent in the 
severity of HFSR compared to the sin nombre strain in North 
America.368 Additional predictors of renal disease include 
the presence of hematuria, elevated white blood cell counts, 
and the presence of hepatic enzyme elevation. 369

The renal lesion is more complex than simple ATN 
from hypoperfusion and is characterized by a prominent 
and pathognomonic interstitial in  ltrate. 370 The interstitial 
nephritis is composed of CD8   T cells and mononuclear 
cells associated with severe peritubular capillary congestion, 
interstitial hemorrhage, and edema. 371

HFSR also involves glomerular injury in addition to the 
interstitial nephritis. 372 Most patients demonstrate a mesan-
gial proliferative response without the presence of immune 
complexes and nonspeci  c localization of C3 and IgM. The 
majority of patients show a nephritic sediment with micro-
hematuria and nonnephrotic range tubular proteinuria, but 
25% may have fully established nephrotic syndrome. 373

In the absence of immune complexes, the proteinuria may 
be related to both direct viral mediated endothelial dysfunc-
tion and secondary podocyte dysfunction from the cytokine 
release. Rare cases of type I MPGN have also been reported 
with hantavirus infection that completely resolved with the 
resolution of the infection. 374

There is no speci  c antiviral therapy for hantavirus, and 
HFRS is treated conservatively with supportive care. The 
need for temporary dialysis varies with the severity of ill-
ness and virus species. Between 5% to 40% of patients will 

tubulointerstitial or glomerular disease, a reduction of im-
munosuppression is a mandatory adjunctive intervention in 
addition to antiviral therapy. 358

No clear recommendations can be made on the speci  c 
bene  t of antiviral therapy on CMV renal disease. 

 Key Points: Cytomegalovirus and 
Glomerular Disease 
 1. A weak causal relationship has been reported between 

CMV and IgA nephropathy, immune complex–mediated 
glomerulonephritis, and cryoglobulinemic vasculitis. 

 2. In renal transplant patients, CMV leads primarily to 
renal tubular injury with a secondary in  ammatory 
response and graft rejection. 

 3. In renal transplant recipients, CMV may also be 
associated with acute glomerular endothelial cell injury 
(transplant glomerulitis) with secondary podocyte dys-
function due to cytokine upregulation leading to AKI 
and possibly chronic allograft nephropathy. 

 4. Cases of thrombotic microangiopathy have been 
repeatedly linked to active CMV viremia in HIV 
patients and in solid organ transplant recipients and 
results from direct endothelial cell viral entry and sub-
sequent injury. 

 5. Treatment of CMV with antiviral therapy has resulted 
in anecdotal improvement in the associated glomerular 
and vascular diseases. 

 HANTAVIRUS 
 Epidemiology and Diagnosis 
Hantavirus is a single-stranded negative sense RNA virus, 
which belongs to the family Bunyaviridae and consists of 
11 species which cause human infection. Rodents are the 
primary reservoir for this virus with the deer mouse (sin 
nombre hantavirus) being the major vector in the United 
States.359 Hantavirus has a worldwide distribution with cases 
being reported in South America, Europe, Asia, Scandinavia, 
the Balkans, and Korea. Geographically, most North Ameri-
can cases occur in the western states such as New Mexico, 
California, Washington, and Texas. Few cases result directly 
from animal bites with the vast majority of exposure occur-
ring from aerosolized virus from rodent urine, feces, or 
saliva.360 Therefore, a high index of suspicion is required to 
diagnose this infection and should involve attention to high-
risk exposure behaviors: travel to endemic areas, camping, 
farming, and animal exposure. 

The virus uses surface glycoproteins to attach to integ-
rins on vascular endothelial cells, platelets, and renal endo-
thelial cells. A glycosylphosphatidylinositol (GPI)-anchored 
protein, decay accelerating factor, appear to be an essential 
component to allow virus entry from the apical portion of 
the cell. 361 The diagnosis of hantavirus infection is made by 
the ELISA detection of IgM and IgG antibodies. The ability 
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CVB gains entry into renal mesangial, tubular, and epithelial 
cells.383 Cytopathic injury results in all cell types except me-
sangial cells, where a persistent state of infection may occur. 

Acute glomerulonephritis with hematuria, proteinuria, 
and AKI has been reported in patients with CVB as well as 
in transplant recipients. 384,385 Biopsy and autopsy speci-
mens have primarily shown a rapidly progressive GN with 
immune complex deposition, although renal vasculitis has 
also been reported. 386 In addition, both acute proliferative 
GN and IgA nephropathy can be induced in mice after inoc-
ulation with CVB. 387,388 In the mouse IgA model, mesangial 
infection with CVB resulted in a signi  cant upregulation of 
 -IFN and an exacerbation of the renal lesions. 389

At present, the experimental animal models and clinical 
case reports provide strong support for the possibility that 
CVB may be a potential cause of acute GN in humans. 

 CONCLUSIONS 
Viral diseases have now come to the forefront as  unsuspected
causes of glomerular diseases. The mechanisms of viral in-
duced injury range from the direct viral infection of renal 
tissue to the development of immune complex deposition 
and the upregulation of intrarenal cytokines. This diversity 
represents a diagnostic challenge to the clinician and re-
quires a systematic approach and an understanding of viral 
serologic testing, coupled with renal histology, and immuno-
logic assays. Often, only a high index of suspicion will lead 
to the appropriate testing for speci  c viral infections based 
on the presentation and biopsy results. 

Many answers are still required to further understand 
and de  ne the pathways of HIV-related podocytopathy, 
the link between HCV and monoclonal IgM production, the 
relationship of many viruses to IgA nephropathy, and the 
mechanisms of HBV immune complex formation and injury. 
However, many successful therapeutic interventions have 
been developed for each viral-mediated renal injury based 
on the current understanding of the pathophysiology of 
the glomerular lesions, which truly supports the concept of 
“from bench to bedside.” 
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