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BKV-infection in kidney graft dysfunction
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ABSTRACT 

Introduction:BKVnephropathy(BKN)causeskidneygraftloss,whosespeciicdiagnosisisinvasive
andmightbepredictedby theearlydetectionofactiveviral infection.Objective:Determine the
BKV-infectionprevalenceinlatekidneygraftdysfunctionbyurinarydecoycell(DC)andviralDNA
detectioninurine(viruria)andblood(viremia;activeinfection).Methods:Kidneyrecipientswith
>1monthfollow-upandcreatinine>1.5mg/dLand/orrecentincreasing>20%(n=120)hadtheir
urineandbloodtestedforBKVbysemi-nestedPCR,DCsearching,andgraftbiopsy.PCR-positive
patientswereclassiiedas1+,2+,3+.DC,viruriaandviremiaprevalence,sensitivity,speciicity,and
likelihoodratio(LR)weredetermined(Table2x2).DiagnosiseficacyofDCandviruriawerecom-
paredtoviremia.Results:DCprevalencewas25%,viruria61.7%,andviremia42.5%.Positiveand
negativepatientsineachtesthadsimilarclinical,immunossupressive,andhistopathologicalchar-
acteristics.Therewasnocaseofviremiawithchronicallograftnephropathyand,undertreatment
withsirolimus,patientshadalowerviruriaprevalence(p=0.043).Intenseviruriawasthesingle
predictivetestforactiveinfection(3+;LR=2.8).1,6-4,9 Conclusion:DC,BKV-viruriaand-viremiaare
communindingsunderlatekidneygraftdysfunction.Viremiacouldonlybepredictedbyintense
viruria.TheseresultsshouldbeconsideredunderthecontextofBKNconirmation.

Keywords:BKvirus,decoycells,kidneytransplantation,PCR,viremia,viruria.
[BrazJInfectDis2010;14(2):170-174]©ElsevierEditoraLtda.

INTRODUCTION

Opportunistic infectionsareamajorcauseof
morbidity after transplantation.Such facthas
stimulatedstudies towardvirusepidemiology,
biology, and pathogenic effects among this
highriskpopulation.1BKvirus(BKV),amem-
berof thePolyomavirus family, is a common
viralinfection,ascytomegalovirus,whichisas-
sociatedwithhigh riskof renaldisorderafter
kidneytransplantation.2

Theprimary infectionoccursduringearly
childhood,andbecomeslatentinthekidneys.
Assoonastheimmunosuppressionstartsatthe
timeoftransplantation,theviruscanreactivate
anddevelopaclinicallyrelevantdisease,which
is manifested as tubulointersticial nephritis
(known as BKV nephropathy [BKN] and/or
ureteralstenosis).3-6 
BKN has been associated with graft dys-

function in 3% to 14% of kidney recipients,
leading to graft failure in up to 67% of the
cases.2,7,8SpeciicdiagnosisofBKNdependson
thepathologicaltissuepatternsonthegraftbi-

opsyspecimen,whichcanbeconfoundedwith
cellular rejectionmainlywhen both patholo-
gies coexist. Thus, BKN diagnosis, based ex-
clusivelyonthepathologicalcriteria,mightbe
dificult.4-11

This studywasdesigned to investigate the
prevalence of BKV infection among patients
under late kidney graft dysfunction. It com-
bines three non-invasive methodologies: uri-
nary cytology (looking for decoy cells; DC),
viruria(urinaryviralDNA),andviremia(ac-
tiveinfection;bloodviralDNA),andtakesinto
considerationtheimportanceofanearlydiag-
nosisandtheneedofgraftbiopsyinvasiveness
todeineasuspicionofBKN.

PATIENTS AND METHODS

Patients

Kidney transplant recipients (n = 120), from
livingordeceaseddonors,with serumcreati-
ninelevelsabove1.5mg/dLorrecentincrease
of > 20%2,12 were allocated during 1 year of
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outpatient follow-up. After signing an informed consent,
previouslyapprovedbythelocalEthicCommittee,patients
performedagraftbiopsy,andurineandbloodsampleswere
collected.Patientswhorefusetoparticipate,thoseyounger
than18yearsoldor less than1monthofpost-transplant
follow-up,andpatientswithaknownandreversiblecause
forgraftdysfunctionwereexcludedfromthestudy.

Urinary cytology

Papanicolau standard staining was performed in urinary
sediment.DCwererecognizedfortheirtypicalround-glass
intranuclearinclusionswithaperipheralofhyperchromatic
chromatin.13-15

Molecular biology

DNA extraction

Pellet urinary sedimentwas used forDNA extraction fol-
lowing the protocol previously published by Takayama et 

al.4 Blood samples collected in EDTA anticoagulant were
submittedtoDNAextractionusingacommercialkit(Pure-
LinkGenomic,Invitrogen,USA).

Polymerase Chain Reaction (PCR)

Semi-nestedPCRwasperformedinordertodetecttheBKV
DNA,asvalidatedbyNickeleitet al.13Theouterprimerpair,
5’ AAGTCTTTAGGGTCTTCTAC 3’ and 5’ GTGCCAAC-
CTATGGAACAGA3’,wasusedtogeneratea176-bp,acom-
monampliconamongPolyomaviridaememberships.Itwas
usedtheprimer5’AAGTCTTTAGGGTCTTCTAC3’with5’
GAGTCCTGGTGGAGTTCC3’inordertoobtaina149-bp
fragment,aspeciicBKV-region.16

Aspectrophotometer,usinga260nmlengthwave(Bio
Photometer,Eppendorf,Germany),wasusedtostandardize
thetotalDNAcontentat0.5and0.1µginbloodandurine
samples,respectively,forPCRreaction.Ampliicationsteps
wereperformed froma25µl reaction-mixture containing
1.5mMMgCl2,0.5µMofeachprimer,dNTPs200µMand
2.5UofTaqpolymerase(Invitrogen,Brazil).
Thereactionprogramconsistedof5minute-denatura-

tionat94ºCandwerefollowedby35cyclesofdenaturation
at94ºCduring1minute,annealingat56ºCfor1minuteand
extensionat72ºCfor5minutes.Ainalextensionat72ºC
for10minuteswasadded.
FreeDNA sampleswere analyzed as negative controls,

andDNAobtainedfromaknownBKV-positivepatientwas
usedaspositivecontrol ineach test.Allnegative testshad
theircontentandqualityDNAcertiiedbyampliicationus-
ingaprimerforβ-globinedetection.
Semi-quantitative PCR analysis

The ampliied regions were detected in agarose gel 2.5%
stained with ethidium bromide. The ampliied urine and
bloodproductswerequaliied as1+,2+,3+, according to

that observed at the transilluminator, corresponding, re-
spectively, to weak, intermediate, and strong intensity of
ampliication.

Histology 

AllbiopsieswereclassiiedaccordingtoBanffcriteria1997
forkidneygraftpathologiesdeinition.17

Statistical analysis

Data were expressed as percentage, mean and standard
deviation ormedian and range. Comparisons of age and
creatinine levelswereperformedbyStudent’s t-test.Other
characteristicsandriskfactorsofpatientswereanalyzedby
Chi-squaredorFisher’s exact test, as indicated. Sensitivity
andspeciicityweredescribedaspercentageandlikelihood
ratio(LR),andwerecalculatedbyusingTable2x2.Forstudy
purposes,DC and viruria valueswere comparedwith the
presence of BKVDNA in peripheral blood. The software
Statistical Package for Social Sciences 14.0 was used for all
statisticalanalysis,beingsigniicantpvalues≤0.05andcon-
idenceintervals95%.

RESULTS

Amongthe120kidneyrecipientsunderlategraftdysfunc-
tion, theprevalenceofDCwas25.0%(95%CI:17.5-33.7),
viruria61.7%(95%CI:52.4-70.4),andviremia42.5%(95%
CI:33.5-51.9).Serumcreatinine2.3mg/dL(0.8-8.5mg/dL),
andmedianfollow-upwas1.6years.
Therewaspredominanceofmalegender60.8%(n=73/120)

and56.7%wererecipientsfromdeceaseddonors(n=68/120).
Patients receiving a second or third allograft represented
10.0%ofthesample(12/120),andtherewas16.7%(17/102)
ofanti-HLAclassIpre-sensitizedpatients. Inductionwith
immunosuppressantshadbeenusedby15.0%(18/120)of
them at the time of transplantation, and current prophy-
latic immunosuppressive scheme was a combination of
the followingdrugs:prednisone(n=103;94.2%),mofetil
mycofenolate(n=80;66.7%),tacrolimus(n=60;50.0%),
cyclosporine(n=55;45.8%),azatioprine(n=24;20.0%),
and sirolimus (n=14;11.7%).General characteristicsare
presentedinTable1.
Clinical characteristics, pre-transplant immunologi-

cal risk, current immunosuppressive protocol, and kidney
histopathology indings were similar among negative and
positivepatients,takingintoconsiderationeachlaboratory
testperformed.Anexceptionwasthehigherrateofpatients
treatedwithsirolimus,showingalowerprevalenceofposi-
tiveurineBKV-DNAdetection(p=0.043).Anotherdiffer-
encewasobservedamongpatientswithcurrentdiagnosisof
chronicallograftnephropathy(CAN).Inthisgroup,nocase
ofBKV-DNAinperipheralbloodp=0.020)wasdetected.
Table2describesthecomparisonofdiagnosticeficacy

of urinary cytopathic effect (DC) and BKV-viruria with
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Table 1. Clinical characteristics of kidney transplant recipients under late graft dysfunction 

studied for BKV infection

Recipient’s Characteristics*     n (%)

Male gender 73 60.8

Re-transplant 12 10.0

Pre-sensitization** 17 16.7

Deceased donor 68 56.7

Induction therapy*** 18 15.0

Previous CMV disease 34 28.3

Previous AR 19 15.2

Previous CAN 14 11.7

CyA-Aza-Pred 17 14.2

CyA-MMF-Pred 31 25.8

FK-MMF-Pred 44 36.7

FK-Sirol-Pred 10 8.3

* n = 120

** patients evaluated for anti-HLA antibodies before transplantation (n = 102)

*** basiliximab

CMV: cytomegalovirus

AR: acute rejection defined by biopsy

CAN: chronic allograft nephropathy 

CyA: cyclosporine

Aza: azatioprine

Pred: prednisone

MMF: mofetil mycofenolate

FK: tacrolimus

Sirol: sirolimus.

Table 2. Comparison of diagnostic efficacy of urinary cytopatic effect (DC) and BKV-viruria 

with BKV-viremia in kidney transplant recipients under late graft dysfunction

 BKV viremia +  BKV viremia -   LR 95% CI Post test

 n (%) n (%)    probability (%)

Urine BKV PCR (1)

Negative 11 (21.6)  35(50.7)  0.43 0.24–0.75 24.1 

1+ (2) 5 (9.8)  14 (20.3) 0.48 0.19–1.26 26.2 

2+ (2) 8 (15.7) 7 (10.1) 1.55 0.60–3.99 53.4 

3+ (2) 27 (52.9) 13 (18.8) 2.81 1.61–4.89 67.5 

Decoy Cells (DC) (3)

Negative 35 (68.6)  55 (79.7) 0.86 0.69–1.07 38.9 

Positive 16 (31.4) 14 (20.3 1.55 0.83–2.87 53.3 

Viruria: urine BKV PCR

Viremia: peripheral blood BKV PCR

Pb: peripheral blood

LR: likelihood ratio

CI: confidence interval

PCR: polymerase chain reaction
(1) Sensitivity: 78.4% (95% CI: 64.7-88.7), Specificity: 50.7% (95% CI: 38.4-63.0)
(2) Intensity of amplification: 1 (weak); 2 (intermediate); 3 (strong)
(3) Sensitivity: 31.4% (95% CI: 19.1-45.9), Specificity: 79.7% (95% CI: 68.3-88.4)

Prevalence of BKV in peripheral blood: 42.5% (95% CI: 33.5-51.9).

BKV-infectioninkidneygraftdysfunction
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BKV-viremia among the studied patients. In this study,
strongurineBKVampliication(3+)achievedaLRof2.8
predictingviremia,indicatingaposttestprobability(PTP)
of67.5%(95%CI:1.61-4.89).TheeficacyofDCforviremia
predictionwasnotconirmedwhentakingintoaccountCI
achievedanditsabilitytoimprovethepre-testodds.

DISCUSSION

Early BKN diagnosis and reduction of the immuno-
suppressive therapy are themajor strategies to improve
graftsurvivalandstabilizeserumcreatinineafterkidney
transplantation.18-20

Themostimportanttooltoestablishthisdiagnosisde-
pendsonthegraftpathologicalpattern,butthemultifocal
appearance in the parenchyma, the heterogeneous nature
ofviralinclusions,andtheimmunohistochemicalindings
compromisetheaccuracyoftheanatomopathologicalBKN
diagnosis.2,21,22Asaconsequence,complementaryandnon-
invasivetests,suchasDCintotheurinarysediment,viruria
andviremiadetection,andrenalfunctionfollowup,9,19,22can
beimportanttoearlypredictandmanagenephropathy.
Among the population studied, the prevalence ofDC,

viruria,andviremiausingthesecomplementarytestswere,
respectively, 25%, 62%, and 42%. Besides these high fre-
quenciesofBKVinfectionsignals,5,21,23-26thisstudyalsocon-
irmsthepreviousevidenceofnoclinicalorhistopathologi-
calcharacteristicsassociatedwithBKVinfection.2,24,26,27,28

In agreementwithothers,26-28 therewasno association
with acute rejection or with its treatment. On the other
hand,reinforcingtheimportanceofanearlydiagnosis,no
caseofviremiaamongpatientswithcurrentCANhighlights
theirprobablesevererenaldamagehinderingtheviralrepli-
cation.Anotherinterestingindingwasthelowerprevalence
ofviruriaamongpatientsundertreatmentwithsirolimus.
Thisdrug acts as an anti-proliferative agent andhasbeen
suggested as an alternative treatment for viral replication
controlinestablishedBKVdisease.30,31

Moleculardetectionofpolioviruseshasbeenconsidered
asagold-standard,anditseficacyhasbeenconirmedbya
variety of studies.2,13,24,32 Nowadays, regarding the countless
different molecular techniques available for Polyomavirus
detection,16,32quantitativePCRwithviralloaddeinitionisthe
mostsensitiveandspeciicapproach.UrinaryDC,considered
ashavingthehighernegativepredictivevalueuptonow,5,24has
beensubstitutedbyurinePCR.DChasasigniicantsensitiv-
ityforBKNdetection,butPCRisupto4timesmoresensitive
forviruriamonitoringinasymptomaticpatients,andalsohas
thestabilityadvantageupontheDCforthat.32,33However,not
takingviruriaintoaccount,assuggestedbysomeauthors,34,35 
canbecontested.36Despite thecontroversy, theuncommon
occurrenceofviruriaorviremiaamonghealthpeoplearedue
toJCV,alessuropathogenicagent.24,28,35,37-41Hence,BKVviru-
riaitselfprobablyhaveclinicalrelevance.

ThepresentstudyshowedtheurinaryhighBKVampli-
ication intensity as the single test able to predict viremia
occurrence(3+;LR=2.8;95%CI:1.6-4.9).Inthisgroup,
thepresenceofDCdidnotachieveclinicalsigniicancefor
viremiaprediction(LR=1.55;95%CI:0.8-2.9).Suchind-
ingbecomesevenmorerelevantduetothefactthatviremia
only occurs under active replication, not being observed
during latent periods.15,42 BKV-PCR can be clinically used
asanon-invasivetestinordertoidentifykidneytransplant
recipients under risk or suspicion of BKN. Nickeleit and
coworkersdemonstratedthattheviremiadetectionbysemi-
nested PCR can achieve up to 100% sensitivity and 88%
speciicity for nephropathy diagnosis.13 Quantitative-PCR
hasalreadydeinedsomeviralloadcut-offscorrelatedwith
BKNrisk:>1.6E+04copies/mLinplasma;>2.5E+07cop-
ies/mLinurine;>7700copies/mLintotalblood.24,43 
Thereisadirectcorrelationbetweenviremiaload,graft

dysfunctiondegree,severityofhistologicalBKNtissuepat-
terns, and number of infected renal cells in histological
slide.37Suchcorrelationsuggeststhatviremiaoccursmainly,
ifnotentirely,fromtheviralreplicationstartedinthekid-
ney.Thisisthereasonwhytheamountofviremiaismore
predictiveofBKNthantheviruria.16,24,44,45 
Finally, viremia is a lateBKV-infectionevent, associat-

edwithgraftdysfunctionandworksasamarker forBKN
development.28 It occurs 16 to 33weeks previously to the
establishment ofBKN,13 and invariably appears later than
viruria.36Thus,anintenseBKV-viruriapredictsviremia,and
probablyBKN.
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