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Viruses and Kidney Disease: Beyond HIV

Meryl Waldman, MD,* Vickie Marshall, MS,† Denise Whitby, PhD,† and
Jeffrey B. Kopp, MD*

Summary: Human immunodeficiency virus (HIV)-infected patients may acquire new viral
co-infections; they also may experience the reactivation or worsening of existing viral
infections, including active, smoldering, or latent infections. HIV-infected patients may be
predisposed to these viral infections owing to immunodeficiency or risk factors common to
HIV and other viruses. A number of these affect the kidney, either by direct infection or by
deposition of immune complexes. In this review we discuss the renal manifestations and
treatment of hepatitis C virus, BK virus, adenovirus, cytomegalovirus, and parvovirus B19 in
patients with HIV disease. We also discuss an approach to the identification of new viral renal
pathogens, using a viral gene chip to identify viral DNA or RNA.
Semin Nephrol 28:595-607 © 2008 Elsevier Inc. All rights reserved.
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he differential diagnosis of kidney injury
and urinary abnormalities in a human im-
munodeficiency virus (HIV)-infected pa-

ient is broad. The diagnoses that most com-
only are considered include HIV-associated

ephropathy (HIVAN), immune complex kid-
ey disease, thrombotic microangiopathy, and
rug-related injury. These topics are covered
xtensively elsewhere in this issue. Less atten-
ion is often given to infections with other vi-
uses that can affect the urogenital tract from
he urethra to the kidney and that may lead to
imilar clinical features as the other diagnoses.
his review describes the spectrum of renal and
rologic syndromes associated with other viral

nfections in HIV-infected patients. Specifically,
e discuss the biologic and epidemiologic fea-

ures of kidney disease associated with hepatitis
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, BK virus, adenovirus, cytomegalovirus, and
arvovirus B19.

EPATITIS C VIRUS

epatitis C virus (HCV) co-infection is common
mong HIV-infected patients. Approximately
ne third of HIV-infected individuals worldwide
lso are infected with HCV, with higher rates of
o-infection (�75%) observed in patients who
ere infected parenterally.1,2 Given the high
revalence of co-infection, HCV-related kidney
isease is an important consideration in pa-
ients with HIV-HCV co-infection who present
ith renal manifestations. A variety of glomer-
lonephritides are associated with HCV infec-
ion, including membranous glomerulopathy,3,4

ocal segmental glomerulosclerosis (FSGS),5,6

nd, most commonly, membranoproliferative
lomerulonephritis (MPGN) with and without
ryoglobulinemia.7-9 A similar spectrum of glo-
erular diseases has been observed in patients
ith concurrent HIV and HCV infection.10-13 In

ddition, post–infectious glomerulonephritis,
mmunotactoid glomerulopathy,14 and fibrillary
lomerulonephritis15 have been reported in this
opulation.9

Two series have reviewed the clinical and
enal pathologic features of patients co-infected
ith HIV and HCV.16,17 Stokes et al16 reported
he renal findings in 7 African American and 5
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596 M. Waldman et al
ispanic co-infected intravenous drug users
ho presented with proteinuria, hematuria,

nd renal dysfunction. The majority had hyper-
ension and edema, and 42% had cryoglobuline-
ia. Renal biopsy findings included MPGN in 5
atients, mesangial proliferation glomerulone-
hritis in 5 patients, membranous glomerulone-
hritis in 1 patient, and 1 case of collapsing
SGS with immune complex deposits. Three of
2 patients died and 5 patients (42%) pro-
ressed to end-stage renal disease (ESRD) after a
ean of 8.4 months. Cheng et al17 examined

he impact of HIV infection on both renal and
atient survival in 14 patients with HCV-associ-
ted glomerular disease. All were intravenous
rug users with a mean age of 45 years. The
ajority of patients (93%) were African Ameri-

an. HCV-associated glomerular disease became
linically evident in the setting of moderate to
dvanced HIV disease; 86% of patients had CD4
ell counts of less than 500/uL and 43% had
cquired immune deficiency syndrome (AIDS).
he clinical presentations were similar to that
f isolated HCV-associated glomerular disease
ith renal insufficiency and nephrotic range
roteinuria in the majority. Renal biopsy find-

ngs included 11 cases of MPGN with a rela-
ively high frequency of MPGN type 3 (45%).
hree patients had membranous glomerulone-
hritis, all of whom had atypical histologic fea-
ures including diffuse mesangial proliferation
ith deposits, focal segmental endocapillary
roliferative and exudative glomerulonephritis,
nd 1 of the patients had FSGS with collapsing
eatures suggestive of overlap with HIVAN.

There were several notable differences be-
ween the cohort of co-infected patients and
hose with isolated HCV-associated glomerular
isease.17 The degree of renal insufficiency at
resentation in the HIV co-infected patients
as more advanced than reported in HCV-asso-

iated MPGN historical controls, although this
ay reflect delay in renal biopsies. The co-

nfected patients had a lower prevalence of
ypocomplementemia (46%) and cryoglobu-

inemia (33%) compared with that reported in
CV-associated glomerular disease without
IV.7,18 Only 1 patient with cryoglobulinemia
ad organized deposits. This differs from the

igh rate of substructure identification in glo- i
erular deposits of HCV-associated glomerular
isease in HIV-negative patients.7 Renal out-
ome was worse for co-infected patients com-
ared with patients with isolated HCV-associ-
ted glomerular disease and similar creatinine
alues. A higher percentage had a more rapid
rogression to ESRD: 71% progressed rapidly
o advanced renal failure and 50% required
ialysis after a median interval of 2 months
fter biopsy. A similarly poor course in co-
nfected patients was reported by Stokes et
l.16 In addition, mortality was high (57%), and
he median combined renal/patient survival
as 5.8 months.17 The clinical course more

losely resembled that of HIVAN rather than
CV-associated glomerular disease.19 Although

he clinical course of isolated HCV-associated
enal disease can vary dramatically, most pa-
ients do not progress rapidly to ESRD. Cheng
t al speculated that the combined influences of
omplex glomerular lesions, higher baseline re-
al insufficiency, greater viral burden, and black
ace may promote more rapid renal deterioration
nd higher mortality in HIV-infected patients with
CV-associated glomerular disease.17

Although the co-existence of HIV and HCV
nfection is common, relatively few cases of
CV-related renal disease in HIV patients have
een described in the literature. Several factors
ay contribute to this observation. The clinical
resentation of HCV-associated glomerular dis-
ase often is similar to that of HIVAN, and the
eatures that serve as clues to the presence of
CV-associated glomerular disease such as hy-
ocomplementemia and cryoglobulinemia may
ot be present. Thus, many patients may not
ndergo renal biopsy to distinguish between
he diseases. Also, the renal manifestations typ-
cally become clinically apparent in the fifth or
ixth decade of life, after long-standing HCV
nfection. Before the use of highly active anti-
etroviral therapy (ART), it was unlikely that
IV-infected patients survived long enough to
anifest renal disease related to HCV. With

mproved survival associated with ART, compli-
ations related to HCV infection, including glo-
erular disease, are likely to be observed with

reater frequency.
The existence of concomitant HIV infection
n patients with HCV-associated glomerular dis-
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Viruses and kidney disease 597
ase makes the therapeutic approach difficult.
he course of renal disease appears to be more
ggressive in HIV-infected patients, and there
ay be greater resistance to interferon-alfa in

o-infected patients.17 Although interferon has
een shown to have anti-HIV activity,20 therapy
or HCV with pegylated interferon-alfa in com-
ination with ribavirin is associated with ad-
erse effects that may be more pronounced in
IV-infected patients. Anemia can be problem-
tic as a result of ribavirin-related hemolysis and
nterferon-related suppression of hematopoi-
sis. Zidovudine may cause severe anemia
hen used concurrently with anti-HCV ther-

py. An additional concern is the drug–drug
nteraction between ribavirin and other nucle-
side reverse-transcriptase inhibitors, such as
idanosine, which can cause mitochondrial tox-

city, pancreatitis, or lactic acidosis.

K VIRUS

K virus (BKV), is a nonenveloped, icosahedral
ncapsulated DNA virus that belongs to the
apovaviridae family. JC virus and SV40 are
ther members of this family. BKV infection is
idespread and typically is acquired in child-
ood.21 Approximately 80% of the population is
eropositive for BKV by adulthood. The major-
ty of primary infections with BKV in immuno-
ompetent hosts are asymptomatic. After pri-
ary infection, BKV frequently establishes

atent infection in renal tubular cells and uri-
ary tract epithelia.22,23 The major clinical man-

festations appear to result from viral reactiva-
ion within the genitourinary tract during
onditions of cellular immunosuppression.23

emorrhagic cystitis is a well-described compli-
ation related to BKV reactivation that is com-
on after bone marrow transplantation and

lso is seen in renal transplant recipients.24,25

reteral and urethral stenosis leading to hydro-
ephrosis26,27 also has been reported. In the
enal transplant population, BKV is implicated
ost frequently in the development of BKV

ephropathy, which is associated with a high
ate of premature allograft loss.28-30

BKV-related illness is less well characterized
n patients with HIV infection. There are 2 re-

orted cases of severe hemorrhagic cystitis H
aused by BKV in patients with HIV.31,32 In both
ases, symptoms and viruria persisted despite
umerous treatments, including ganciclovir,
oscarnet, nalidixic acid,32 and cidofovir.31

here are 6 published cases of BKV-associated
ephropathy in patients with AIDS.33-38 All
ases occurred in males with CD4 cell counts of
00 cells/�L or less. All presented with progres-
ive azotemia and, in some, low-grade protein-
ria with bland urine sediment. The diagnosis
f BKV nephritis had not been suspected in any
f these cases; rather, the kidney dysfunction

nitially was attributed to alternative diagnoses
uch as drug-induced interstitial nephritis. Kid-
ey biopsies revealed characteristic findings of
ubulointerstitial nephritis with mixed inflam-
atory infiltrates (lymphocytes and mono-

ytes) and tubular epithelial cells with viral
ntranuclear inclusions. The presence of BKV

as confirmed by immunohistochemistry or in
itu hybridization. Three patients progressed to
SRD, all of whom died. The remainder had a
rogressive decline in creatinine clearance.
It is unclear if the paucity of reports in the

iterature regarding BKV-related illness reflects
rue rarity of disease among HIV-infected pa-
ients or under-recognition of this viral infec-
ion. Support of the latter idea comes from
umerous cases of BKV-related tubulointersti-
ial nephritis in renal biopsy and autopsy spec-
mens from AIDS patients in whom the diagno-
is had not been considered.33-39 There also are
bservations that support an interaction be-
ween HIV and BKV and suggest that BKV may
e an emerging AIDS-associated pathogen. HIV-

nfected patients have a higher incidence of
KV viruria and also shed BKV at much higher

evels than immunocompetent controls.22,40,41

rinary BKV shedding is seen in 20% to 60% of
IV-infected patients.37,40,42,43 BKV viruria as
ell as the concentration of BKV in the urine

re both related inversely to the CD4 cell
ount.41,43 This may indicate that clinical dis-
ase is more common among patients with end-
tage AIDS, although this is not a consistent
nding.42,44 Interestingly, a recent study indi-
ated that the HIV-1 viral protein Tat may en-
ance BKV transcription,45 suggesting that high

IV viral loads may act synergistically with the
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598 M. Waldman et al
mmunosuppressed state to enhance BKV viral
eactivation.

The dynamics of BKV reactivation and the
actors associated with expression of clinically
ignificant disease are not well understood. Sev-
ral risk factors have been proposed for BKV-
ssociated hemorrhagic cystitis that arises in
he setting of hematopoietic stem cell trans-
lant.25 Some investigators have suggested an im-
une reconstitution pattern of disease, whereby

he disease manifestations are most severe when
he immune system is reconstituting and viral
ntigens in the bladder wall are recognized by
merging, functioning lymphocytes. Interest-
ngly, immune reconstitution disease has been
escribed with JC virus and progressive multi-
ocal leukoencephalopathy in AIDS patients re-
eiving ART. Perhaps, an immune reconstitu-
ion syndrome might play a similar role in
xpression of BKV illnesses in HIV-infected pa-
ients. It also has been suggested that mutant
KV strains with altered regulatory regions may
e linked to progressive infection and develop-
ent of renal disease in HIV-infected patients,35

ut further data are needed.
There are limitations with the diagnostic mo-

alities for BKV infection. Cytologic examina-
ion of urine to detect decoy cells (polyomavi-
us-infected cells with an enlarged nucleus
ontaining a basophilic intranuclear inclusion)
s a good screening test for the presence of BKV
n urothelium, but similar cytopathology can be
een with other viruses, including JC virus and
denovirus. Quantitative urine polymerase chain
eaction (PCR) to detect viral DNA is more
ensitive than urine cytology and can differen-
iate BKV from JC virus in urine. However,
etection of BKV DNA by PCR does not have
igh disease specificity because of the high rate
f BKV shedding among HIV-infected patients.
emonstration of BKV viremia by plasma PCR

s helpful to link BKV replication to presence of
isease. Nevertheless, the relationship between
KV viruria and viremia, and the cut-off values
nd predictive values of BKV viruria and vire-
ia for the occurrence of BKV-related disease,
ave not been defined in patients with HIV

nfection.
Definitive diagnosis of BKV-related renal dis-
ase is established by renal biopsy showing b
ubulointerstitial nephritis with characteristic
ytopathic changes in the epithelium of the
enal tubules and urothelial lining (Fig. 1). The
nfected cells have an enlarged nucleus with a
elatinous basophilic inclusion resulting from
ccumulation of newly formed virions. Electron
icroscopy shows intranuclear viral particles,

5 to 55 nm in diameter. Confirmation of poly-
mavirus infection usually is performed with

mmunohistochemical stains, in situ hybridiza-
ion, or in situ PCR.

Treatment of BKV-related illness remains a
ajor challenge. Currently, there is no antiviral

rug with proven efficacy against BKV. Cidofo-
ir and leflunimide and intravenous immuno-
lobulin have been used to treat BKV nephrop-
thy in renal transplant patients with some
uccess, but randomized control trials have
ot been performed.46-52 Cidofovir, vidara-
ine, and gamma globulin have been used to
reat hemorrhagic cystitis in stem cell trans-
lantation patients.53-58 There is also some
vidence that fluoroquinolones have potential
enefit as prophylactic agents against BKV infec-
ion in stem cell transplantation patients.59 There
s little experience treating BKV-related illness
n the HIV-infected population. Thus, therapeu-
ic options have to be extrapolated from the
forementioned patient populations.

Reduction of immunosuppression is a ma-
or focus of management of renal transplant
ecipients with BKV nephropathy and often
eads to stabilization of renal function and
eduction in viremia. Initiating ART would be
n analogous approach in HIV-infected pa-
ients. Therapeutic relevance of this for BKV
nfection is unknown, but ART has been
hown to be beneficial among HIV patients
ith JC virus–associated progressive multifocal

eukoencephalopathy.60-62

Currently, there are no data to suggest that
outine screening for BKV viremia and viruria
as benefit in HIV-infected patients. However,
s more HIV-infected individuals with ESRD
roceed to renal transplantation, BKV infection

ikely will become particularly relevant because
f the combined effects of immunosuppression
elated to their disease and antirejection medi-
ations. An aggressive monitoring protocol may

e warranted in this population.
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Viruses and kidney disease 599
DENOVIRUS

denovirus is a nonenveloped, double-stranded
NA virus that is transmitted to human beings

hrough aerosolized droplets and fecal–oral
pread. Most infections occur during childhood
nd cause a self-limited respiratory or gastroin-
estinal illness in the immunocompetent host.
n contrast, adenoviral infection can be lethal in
mmunocompromised patients, who may de-
elop disease as a result of newly acquired or
ndogenously reactivated infection.63,64 Adeno-
irus is capable of causing disseminated dis-
ase or organ-specific syndromes including
nteritis, pneumonitis, hepatitis, and enceph-
litis. Urinary tract involvement may manifest

BKV

CMV

A

C

igure 1. Histologic appearance of virally-infected kidn
howing tubulointerstitial damage. Some tubular epitheli
ground-glass appearance (A, arrowhead) which typica

nfiltrate is present (periodic acid–Schiff stain: magnificat
hows numerous nuclei of tubular epithelial cells in 1
agnification, 200�). Reprinted with permission from L

stic large cells with basophilic intranuclear inclusions
rominent red cytoplasmic inclusions. (Hematoxylin-e
idney tissue from an immunosuppressed patient show
nlarged basophilic nuclei with smudged appearance, w
agnification, 400�).
s hemorrhagic cystitis, which is a well-de- a
cribed complication in bone marrow trans-
lant recipients.65 Severe acute necrotizing tu-
ulointerstitial nephritis also is associated with
denovirus infection in immunocompromised
ndividuals and is associated with high mortali-
y.66 It may present with azotemia, gross hema-
uria that may be attributed incorrectly to cys-
itis, and, occasionally, hydronephrosis.67,68

The clinical relevance of adenovirus in the
IV-infected population has not been well
efined. Adenoviruses have been recovered
rom HIV-infected patients since the begin-
ing of the AIDS epidemic. Surveillance stud-

es have reported that between 2%-20% of
IV infected patients have symptomatic or

Adenovirus

BKV

B

D

lls. (A and B) Polyoma infection. Renal allograft biopsy
show finely granular and markedly enlarged nuclei with

een in polyoma virus nephropathy. A mononuclear cell
0�). Immunohistochemical staining for SV40 T antigen

lar profile with reaction product (immunoperoxidase:
.30 (C) CMV infection. Kidney tissue showing character-
ave the appearance of an owl’s eye. There also are

tain: magnification, 600�). (D) Adenovirus infection.
osis of tubular epithelial cells. Infected tubular cells have
is characteristic of adenovirus. (Hematoxylin-eosin stain:
ey ce
al cells
lly is s
ion, 20

tubu
i et al
that h

osin s
s necr
hich
symptomatic adenovirus excretion in the
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Cells - Tumor tissues - Plasma- Urine - Whole Blood

RNA Extraction

Random Primer PCR
1st Strand Synthesis - primer A

Random Primer PCR
2nd Strand Synthesis-primer B

Template Amplification
40 rounds PCR – primer B

Incorporation of aminoallyl-dUTP
20 PCR cycles – primer B

Purification of aminoallyl-dUTP cDNA and Cy3 labeling

Cy3+

Purification, hybridization on custom Agilent microarray,
Wash and Scan
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Viruses and kidney disease 601
astrointestinal and urinary tract.69,70 It has
een proposed that adenovirus infection may
educe the survival of HIV-positive patients
ith low CD4 cell counts, although death

elated to adenovirus is difficult to ascertain
iven the presence of other opportunistic in-
ections.

There are isolated reports of adenovirus-re-
ated urologic and renal disease in this popula-
ion. Mazoyer et al71 recently described a 34-
ear-old white man with AIDS and a CD4 count
f 0 cells/�L who presented with gross hema-
uria, mild azotemia, and nonnephrotic protein-
ria. Urine culture and urine PCR were positive
or adenovirus. Cystitis was suspected but cys-
oscopy was unremarkable. Renal biopsy was
onsistent with severe acute tubulointerstitial
ephritis, tubular epithelial cell necrosis, and

ntranuclear viral inclusion bodies. Immunohis-
ochemical staining with anti-adenovirus anti-
ody showed strong intranuclear and cytoplas-
ic staining in infected tubular epithelial cells.
he patient was treated with ribavirin, which
ecreased urine adenovirus load, but the pa-
ient died from a superimposed fungal infec-
ion. Two other cases of adenovirus-related in-
erstitial nephritis in patients with AIDS have
een reported, and both were diagnosed post
ortem.72,73 There was also a single case report

f severe hemorrhagic cystitis attributed to ad-
novirus in a patient with AIDS.74

The diagnosis of urinary tract involvement by
denovirus typically is made by viral isolation in
rine. However, after acute infection, adenovi-
us may be shed from stool or urine for many
onths in the immunocompromised host.
hus, a positive culture result needs to be in-

erpreted in light of clinical manifestations.
uantitative PCR is a sensitive tool for the de-

ection of adenovirus genome in the blood, but

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
igure 2. Identifying novel or unexpected viruses usi
btained from cells, tumor tissue, blood, urine, or other
ranscriptase, the first and second DNA strands are ampli
as described.87 The complementary DNA is used in a

mplify the template. The same primer is used in an a
ligomers in the presence of aminoallyl-deoxyuridine
olecule Cy3. Once purified, the Cy3-labeled DNA is pr

ybridization buffers before hybridizing onto the Agilen

rames. A standard custom microarray Agilent protocol is used
n most institutions it is not performed rou-
inely on urine unless requested to monitor the
esponse to antiviral therapy. Definitive diagno-
is of adenovirus nephritis requires a renal bi-
psy which can show necrotizing tubulointer-
titial nephritis, mononuclear infiltrates,
mudge cell formations (nuclear enlargement
ith intranuclear inclusions and cell degenera-

ion) and occasionally hemorrhage (Fig. 1).
lectron microscopy shows the crystalline ar-
ays of viral particles. Adenovirus-specific im-
unohistochemical assays and in situ hybridiza-

ion help confirm the diagnosis.
There is no standard treatment for adenovi-

us-associated disease in HIV patients. Although
ontrolled studies are lacking, cidofovir has
een associated with clinical improvement in
one marrow and renal transplant recipi-
nts.57,75,76 There are anecdotal reports of lim-
ted efficacy of other antiviral agents includ-
ng ribavirin, vidarabine, and ganciclovir.77-79

YTOMEGALOVIRUS

ytomegalovirus (CMV) is a double-stranded
NA virus that is a member of the herpes virus

amily. CMV disease is a life-threatening oppor-
unistic infection in HIV-infected patients with
evere immunocompromise. In patients with
IDS, progressive loss of immune function per-
its CMV reactivation and replication. Before

he availability of ART, more than 90% of HIV-
nfected patients had evidence of disseminated
MV infection at autopsy.80 Although the inci-
ence of CMV disease in HIV-infected patients
eclined significantly after the introduction of
RT, many patients, particularly those with
D4 cell counts below the critical threshold
f less than 100 cells/�L, are still at high risk
or CMV disease. In the immunocompromised

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
viral gene chip. The starting material typically is RNA
fluids. After first-strand DNA synthesis with reverse
ing a random PCR protocol and standard primers A and
uent 40-cycle PCR using a specific primer designed to
al 20 cycles of PCR that incorporates random primed

osphate, thus allowing labeling with the fluorescent
ealed with human cot-1 DNA and Agilent blocking and
roarray bearing the sequences from viral open reading
™™™
ng a
body

fied us
subseq
ddition

triph
e-ann
t mic
to wash the microarray before scanning.
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602 M. Waldman et al
ost, CMV infects multiple organ systems and
ay cause a broad array of clinical presenta-

ions, including retinitis, encephalitis, pneumo-
itis, hepatitis, gastrointestinal tract ulceration,
emorrhagic cystitis, and tubulointerstitial ne-
hritis (in renal allografts).
In HIV-infected patients, CMV cystitis has

een reported in 2 cases.81,82 Disseminated
MV infection has been implicated as the cause
f nephritis in an adult and an infant with HIV

nfection, but renal histologic features were not
ell described in either of these reports.83,84

ueller et al85 described a child with AIDS who
resented with suprapubic pain, gross hematu-
ia, acute kidney injury, and intermittent uri-
ary tract obstructive symptoms. Retrograde
reterography was consistent with ureteritis.
ost mortem examination revealed focal hem-
rrhagic lesions along the entire length of both
reters. The findings of intranuclear inclusions
ithin submucosal cells and positive immuno-
eroxidase staining were consistent with CMV

nfection. Finally, a link between CMV infection
nd development of thrombotic microangiopa-
hy has been hypothesized based on a case
ontrol study by Maslo et al.86 Endothelial CMV
nclusions were observed in 9 of 18 renal bi-
psy specimens from HIV patients with throm-
otic microangiopathy, whereas CMV was not
etected in any control specimens.

ARVOVIRUS B19

arvovirus B19 (B19) is a small single-stranded
NA virus. B19 is a common pathogen that

nfects more than 50% of all individuals by
dulthood. Infection often is asymptomatic, but
hen symptomatic it typically causes erythema

nfectiosum in children or arthropathy in
dults. In individuals with hemolysis or inef-
ective erythropoiesis, acute B19 infection may
ead to transient aplastic crisis. Among immu-
ocompromised individuals, including those re-
eiving immunosuppressive therapy and those
nfected with HIV, B19 infection can become
ersistent as a result of the inability to mount an
ffective humoral and/or cellular response.
ure red cell aplasia is the most common pre-
entation of persistent parvoviral infection in

IV-infected patients.87-90 t
Whether parvovirus infection has any patho-
enic role in renal or urologic disease in HIV-
nfected patients is unknown. Christensen et
l91 implicated parvoviral infection as the cause
f cystitis in a patient with HIV infection. Symp-
oms of hematuria and pyuria began 8 weeks
fter the initial diagnosis of acute parvovirus
nfection and persisted for 2 years. B19 DNA

as detected in urine samples during much of
hat time, and bladder wall biopsy also was
eakly positive for B19 DNA. Nevertheless, a

trong causal relationship could not be estab-
ished between the parvoviral infection and
ymptoms.

There is an association of B19 with a variety
f glomerular diseases including post–infec-
ious glomerulonephritis,92-95 FSGS,96-98 col-
apsing FSGS,99 Henoch-Schönlein purpura,100

nd thrombotic microangiopathy101 in immu-
ocompetent and immunocompromised hosts,
ut it has been difficult to prove a definitive
ausal relationship in many cases. Interestingly,
oudgil et al99 detected B19 DNA in 15% of

enal biopsy specimens from patients with
IVAN, although this did not differ significantly
ompared with controls. In situ hybridization
evealed localization of B19 to glomerular pari-
tal and visceral epithelial cells. In HIVAN, HIV
as been identified in similar locations. The

mplications of this are not known. Perhaps an
nteraction exists between these 2 viruses that

ay trigger expression of HIVAN or other renal
anifestations such as immune complex glo-
erulonephritis, but this is purely speculation

t this point.

DENTIFICATION OF NEW
IRAL CAUSES OF RENAL DISEASE

e have embarked on a program to identify
iral causes of unexplained renal disease. In
articular, we have focused on idiopathic col-

apsing glomerulopathy and thrombotic mi-
roangiopathy after renal transplant. Although
here is strong evidence that HIV-associated kid-
ey disease is a consequence of HIV-1 infection,
s reviewed elsewhere in this issue, it is pru-
ent to consider a possible role for other vi-
uses in the etiology of renal manifestations.

The molecular toolkit available for investiga-

ors wishing to hunt for new viruses has been
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xpanded considerably in recent years. In 1994,
uan Chang and Patrick Moore102 used repre-
entational difference analysis to identify se-
uences of Kaposi’s sarcoma–associated her-
esvirus in a biopsy specimen from an AIDS
atient with Kaposi’s sarcoma. The same inves-
igators more recently used deep sequencing to
dentify a novel polyomavirus in Merkel cell
arcinoma.103 These approaches are technically
ifficult and labor intensive, have limited sensi-
ivity, and are not applicable to all sample
ypes. Other investigators, notably Don Ga-
em104 and Joseph DeRisi,105 have designed
icroarrays able to detect sequences of all

nown viruses. This approach has proven
ery successful in detecting known and novel
iruses in a variety of sample types and dis-
ase settings.104-111 We are using a similar ap-
roach, but with substantial adaptation, to ad-
ress the question of whether any known or
nknown viruses contribute to the pathogene-
is of renal diseases (Fig. 2).

We are using a customized array (Agilent
echnologies, Santa Clara, CA), which includes
ligonucleotides from 655 viruses from 135
enera. On average, each virus is represented by
0 to 20 individual features distributed across
oth conserved and unique regions of the viral

Table 1. Selected Viral Infections in HIV-Infecte
Noninvasive Techniques for Diagnosis

Virus Manifestatio

Hepatitis C Glomerulonephritis

BKV Interstitial nephritis
Hemorrhagic cystitis

Adenovirus Necrotizing tubulointersti
Hemorrhagic cystitis

CMV Thrombotic microangiopa
Interstitial nephritis
Ureteritis
Hemorrhagic cystitis

Parvovirus B19 Cystitis

Available viral diagnostic studies are shown; histopathologi
diagnosis of viral associated nephritis.

Abbreviations: ELISA, enzyme-linked immunosorbent assay;
enome. The grids are printed 8 to a slide, en- m
bling relatively high throughput screening of
lasma, peripheral blood mononuclear cells, and
rine from patients. An updated version of the
rray with expanded coverage of virus families
uch as polyomaviruses, and the inclusion of
ecently discovered viruses, currently is being
esigned.

ONCLUSIONS

his review serves to increase awareness of the
enal and urologic manifestations associated
ith viral co-infections in HIV-infected patients.
able 1 summarizes the clinical spectrum of

hese syndromes, as well as the approach to
iagnosis in this population. The true clinical
urden of these 5 viruses, their contribution to
enal disease, and their impact on morbidity
nd mortality in HIV-infected patients have not
een well defined. Given the prevalence of
hese viruses in the general population, the
ncreased susceptibility to viral infections and
ncreased likelihood of reactivation of latent
iruses in HIV-infected patients, complications
elated to these viruses may be more common
han currently appreciated. There are chal-
enges in diagnosing these viral infections that

ay contribute to their under-recognition. A

tients: Renal and Urologic Manifestations and

Viral Diagnostic Studies

Anti HCV ELISA
Plasma qPCR
Urine and plasma qPCR

ephritis Viral urine culture
Plasma qPCR
Urine qPCR
Serology (IgM, IgG antibody)
Plasma (or whole blood) PCR or
CMV antigenemia assay

Serology (IgM, IgG antibody)
Plasma and urine qPCR

osis, with immunostaining remains the gold standard for

quantitative PCR.
d Pa

n

tial n

thy

c diagn

qPCR,
ajor issue may be a lack of diagnostic suspi-
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ion because many renal diseases affecting
hese patients have similar and overlapping pre-
entations. Also, interpretation of diagnostic
ests may not be straightforward because it can
e difficult to differentiate viral isolates that are
esponsible for disease from those that may
epresent silent reactivation or persistent infec-
ion. For many of the viruses, it is not known
hat level of viremia and viruria is considered
ormal or abnormal and pathologic in HIV-in-
ected patients. There also is an underutilization
f renal biopsies in this patient population,
hich would help to differentiate renal disease

ssociated with these viruses from other etiol-
gies. Large-scale studies that systematically
onitor for these viruses in the blood, urine,

nd kidney specimens of HIV-infected patients
long with CD4 cell count and HIV viral load
ould be beneficial to understand the relation-

hip between markers of immune function, co-
nfection, disease manifestations, risk factors,
nd outcomes.
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