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Abstract. BK virus-induced nephropathy is an important cause of renal dysfunction, leading to the loss of transplanted
kidneysinupto 50% of cases. Thisstudy aimed to appraise the incidence of BKV infection among patients who have received
kidney transplantation in Iran. In this retrospective cross-sectional study, recipients of kidney transplants in Mashhad
Montaseriech Hospital with a rise of 25% or higher in serum creatinine after at least one month of transplantation were
evaluated. Those with evidence of BKV infection, including positive serum or urine polymerase chain reaction (PCR)
were included. Overall, of 471 patients, 135 cases (28.7%) were diagnosed with kidney transplant dysfunction. BKV
infection was diagnosed based on positive PCR in 30 patients (22.2%) and BKV nephropathy was present in 11 patients
(8.1%). The most common cause of ESRD (End Stage Renal Disease) was hypertension (33.3%) and the most common
dialysis method was hemodialysis (90%). 10 patients had hematuria or pyuria. In 11 patients with pathological results,
the most common finding was interstitial inflammation with tubular cytopathic changes (4 patients, 36.4%). Blood levels
of cyclosporine were significantly correlated with the time from transplantation to diagnosis, and tacrolimus level was
significantly correlated with creatinine level at diagnosis (p < 0.05). Positive urinalysis was significantly associated with
the time from transplantation to the diagnosis of kidney dysfunction in the regression analysis (95%Cl: —0.30to —23.45,p =
0.045). The most important predictor of the occurrence of this disorder in kidney transplant patients was the presence
of hematuria and pyuria in urine tests. Moreover, the frequency of BK infection was significantly higher in men than
in women, while no significant difference was observed between men and women in the control group.
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paxeHusi BK-BupycoMm cpeiu maimeHToB TOCiIe TpaHCIIaHTaluy rmoyek B MpaHe. B HacTosieM peTpoCreKTMBHOM
MTOTNIEPEYHOM MCCIICIOBAHUM PELIUITUEHTHI TPAHCIIAHTATOB ITOYEK C MOBBIIICHUEM YPOBHS KpeaTMHUHA ChIBOPOTKH
Ha 25% Wiu BBIIIIE TI0 MCTEUYCHUM KaK MMHUMYM OJHOTO MecsIla TPaHCIUIaHTalluK ObLIM 00C/IeIOBaHbl B OOJIbHULIE
Menixen MoHTacepueX. boliy BKIIOUEHBI JIM1Ia ¢ TpU3HaKaMy 3apaxkeHuss BK-Bupycom, B TOM yKclie UMEIOLIUX O~
JIOXUTEIbHBINA pe3yabTaT 00C/IeNOBaHUSI CBIBOPOTKM MJIM MOYM METOAOM MOJIUMMepa3Hoil mernHou peakiuu (ITLIP).
B nemom y 135 u3 471 nauuenTta (28,7%) Obliia IMarHOCTUpOBaHA TUCGHYHKIIMS TpaHCIUIaHTaTa moyku. MHbekius
BK-BupycoM Gbliia AMarHOCTUpPOBaHa Ha OCHOBaHUU HosoxuTeabHoi [TLP y 30 mauuenrtos (22,2%), a HedpormnaTusi,
Boi3BaHHast BK-Bupycom, obHapy:xkeHa y 11 mauuenTtos (8,1%). Hanboee yacToii mpuynHO TEpPMUHANBHON CTagU
XpoHun4deckoii moyeuHoi HegocratouHoctu (TXITH) 6biia runepronust (33,3%), a HanbGoJiee pacIpOCTPAaHEHHBIM Me-
TomoM auanu3a 6el1 remonuaius (90%). Y 10 mauueHTOB OTMeUeHa reMaTypysi uJin muypus. Y 11 maimueHToB ¢ mato-
JIOTMYECKUMU TIPOSIBJIEHUSIMU HanboJiee 4acToil 00HapyKeHO MHTEPCTULIMAIBHOE BOCTIAIEHNE C TyOYISIPHBIMU 111~
TOMATHYECKUMU U3MEHEHUAMHU (4 manuenTa, 36,4%). YpoBeHb IIMKIOCTIOPUHA B KPOBU JOCTOBEPHO KOPPEJIUPOBA
CO CPOKaMU OT MPOBENCHUS TPAHCIIJIAHTAIIMHY 0 TIOCTAHOBKY MArHo3a, a ypoBeHb TAKPOJIUMYca 3HAYUTEILHO KOP-
pearpoBal ¢ ypoBHEM KpeaTMHUHA Npu nocTaHoBke auarHosa (p < 0,05). [MonoxurtenpHas mpoba Ha BK-Bupyc B Moue
OblJ1a TOCTOBEPHO ACCOLIMMPOBAaHA CO CPOKAMU OT MPOBEACHU I TPAHCIITAHTALMU 10 TOCTAHOBKM TMarHo3a JUC@yHK-
LIMM [TOYEK C MMPUMEHEHEM perpeccroHHoro aHaiausa (95% JAU: ot —0,30 mo —23,45, p = 0,045). Haubosee BaxkHbIM
MPEeIMKTOPOM BOBHMKHOBEHMSI YKa3aHHOIO PacCTPOMCTBA Y MALIMEHTOB MOCJIE TPaHCIUIAHTAIUY TIOYKH ObLIO HATU-
qyye reMaTypuu U MUYypUM B aHaIM3aXx Mouu. bojiee Toro, yactora 3apaxkeHusi BK-BupycomM Obljia JOCTOBEPHO BHILIE
Yy MYXYMH, 9eM y XXEHIINH, TOTJa KaK B KOHTPOJIbHOM TPYIINe OTOOHBIX MEXITOIOBBIX Pa3INUnii He Ha0MII0IaI0Ch.

Karuesvie caosa: BK-supycras ungexyus, noueunas HedocmamouHoCnb, OMMOpPICeHUe MPAHCRAAHMAMA, NePecaiCceHHas NOUYKA.

Introduction

Most polyomaviruses are broadly distributed
in nature. Of all the Polyomaviridae family, thir-
teen species are recognized to contaminate human
life [26]. Polyomavirus BK is a small, non-enveloped,
circular, double-stranded DNA virus that belongs
to this family. BKV is omnipresent among peo-
ple, and their seroprevalence in adults is from 70%
to 90% |7, 22].BKV primarily infects the majority
of people in the first decade of existence — the me-
dian age being 5 years — and it usually has asymp-
tomatic or upper respiratory symptoms [22]. After
subclinical primary infection, BKV remains dor-
mant in various sites, established in the renal tubular
and uroepithelial cells, where its periodical reacti-
vation is proven by asymptomatic viruria in 7—15%
of healthy individuals and does not have consider-
able clinical complications [21, 23]. Reactivation
of BKYV can cause serious clinical consequences only
in people with immunodeficiency conditions such as
HIV infection, cancer, pregnancy, people undergo-
ing chemotherapy, the use of immunosuppression,
and solid organ and bone marrow transplant recipi-
ents [3, 24]. BKV infection can cause hemorrhagic
and non-hemorrhagic cystitis, ureteric stenosis, tu-
bulointerstitial nephritis, transient renal dysfunc-
tion, and BKV nephropathy [24, 29, 33]. Kidney
transplantation is a lifesaving operation and an al-
ternative method to life-long dialysis for end-stage
renal disease (ESRD) patients [33]. BK-associated
nephropathy (BKVAN) is due to BKV reactivation
in kidney transplant recipients (KTRs [6]. Studies
have demonstrated that BKVAN is related to graft
dysfunction in > 90% and graft loss in over 50%
of the affected individuals [22]. BKV contamination
progresses continuously. Due to tubular BKV repli-

cation, viremia occurs several weeks later to precede
viruria. BKV replication, which mostly takes place
in kidney tissue, results in viremia in 13—22% and vi-
ruria in 30—50% of individuals [24, 25, 33]. However,
most infections in KTRs occur without clinical fea-
tures except for a serum creatinine rise. Current rec-
ommendations suggest non-invasive screening tests
in urine or plasma for early BKV contamination
to avoid progression to irreversible structural dam-
age [24, 29, 32]. As viruria precedes viremia, prevent-
ing BKAVN by using urine samples as a screening
method has been shown in many researches [25].
However, a biopsy of the kidney is a definitive diag-
nosis of BKVAN [25]. Several studies determined us-
ing immunosuppressive regimens such as tacrolimus
and cyclosporine one of the most relevant impor-
tant risk factors for BKV contamination [2, 15, 28].
This study aimed to appraise the incidence of BKV
infection among patients who have received kidney
transplantation.

Materials and methods

In this cross-sectional study, inclusion criteria
were the records of all patients who had undergone
kidney transplantation due to severe kidney diseas-
es. The patients with an increased serum creatinine
level within at least one month following kidney
transplantation initially participated in the study.
Transplanted kidney dysfunction was defined as an
increase of more than 25% in serum creatinine com-
pared to the previous test. Accordingly, patients diag-
nosed with transplanted kidney dysfunction, in terms
of BKV infection were investigated. To investigate
the presence of BKV infection, the results of spe-
cialized tests performed for the patient, especially
the polymerase chain reaction (PCR) test for BK vi-
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rus, were fully reviewed. Finally, patients whose se-
rum PCR test was positive for the BK virus genome
were included in the study.

The demographic information, including age and
gender, as well as clinical data regarding the kidney
disease, including the history and duration of dialy-
sis, the type of dialysis (peritoneal or hemodialysis),
the primary etiology of ESRD and dialysis, and fi-
nally, the number of transplants. Kidney transplant
(unilateral or bilateral), the type of kidney transplant,
and the time interval between the referral due to in-
creased creatinine and the kidney transplant pro-
cedure of participants were extracted and recorded
in the checklist. Initial paraclinical and laboratory
information, including serum creatinine level, serum
level of drugs, and urine test results (in terms of pyu-
ria and hematuria) were extracted. Investigations
related to BKV infection, including the polymerase
chain reaction (PCR) test for BK virus, as well as
the results of histological and pathological micro-
scopic studies on the biopsy samples of all patients,
were extracted as well.

The histopathological investigations encom-
passed a broad range of findings, including glomer-
ular sclerosis, interstitial fibrosis, tubular atrophy,
and the presence of viral inclusion bodies in tubular
cells. Immunohistochemistry (IHC) was performed
to detect the Simian virus 40 (SV40) antigen, which
confirms BK virus infection. The sequential steps
in ITHC can be summarized as follows: antigen re-
trieval (AR), addition of primary antibody, applica-
tion of a secondary antibody that binds the primary
antibody, and addition of a detection reagent to lo-
calize the primary antibody.

For immunohistochemical detection strategies,
antibodies are classified as primary or secondary
reagents. Primary antibodies are raised against an
antigen of interest and are typically unconjugated
(unlabeled). Secondary antibodies are raised against
immunoglobulins of the primary antibody spe-
cies. The secondary antibody is usually conjugated
to a linker molecule, such as biotin, that then recruits
reporter molecules, or the secondary antibody itself
is directly bound to the reporter molecule.

Additionally, the final diagnosis and pathology
results regarding BKV infection (positive or negative)
were documented.

BK viremia monitoring. A real-time polymerase
chain reaction (PCR) test was performed at the cen-
tral laboratory of the university hospital to detect
the presence of the BK virus. The PCR test was
made in Iran. The collected samples comprised first-
morning stream urine samples or blood. Current
clinical investigations define positive BK viremia as
a viral load of > 10° copies/ml. Furthermore, histo-
pathological assessments of kidney allograft biop-
sies conducted at any time post-transplant indicated
the presence of BK virus-associated nephropathy
(BKVAN), as evidenced by immunohistochemical

staining for SV40 documented in 11 patient records.
Secondary analyses employed descriptive statistics
to evaluate demographic data, clinical features re-
lated to kidney disease, associated comorbidities,
duration of dialysis, type of dialysis (peritoneal or
hemodialysis), causes of the patient’s progression
to ESRD, whether the transplant was the first or
second, donor type, and the time interval between
kidney transplantation and the onset of renal dys-
function. Additionally, laboratory values, including
hemoglobin, serum creatinine, and drug blood levels,
were assessed alongside urine sample analyses (pyu-
ria and hematuria), urine culture results, and CM V-
DNA PCR among the designated kidney transplant
recipients (KTRs). Serum creatinine levels were
documented at baseline, one month, six months, and
one-year post-transplant.

Data analysis. SPSS 24 was used for statisti-
cal analysis. The Kolmogorov—Smirnov test was
used to check the normal distribution of the data.
Repeated Measures ANOVA and Wilcoxon tests were
used to compare creatinine levels between different
time intervals. The Spearman Correlation test was
used to check the existence of a correlation between
the studied quantitative variables. Linear regression
models were used to investigate the correlation be-
tween creatinine level at the time of kidney dysfunc-
tion diagnosis and the interval between the transplant
procedure and the occurrence of transplant kidney
dysfunction. The results of linear regression were
reported using R square (R2), beta regression coef-
ficient (Beta), standard error (SE), and 95% confi-
dence interval (95%CI). The results of the correlation
test were reported using the correlation coefficient
(r). The level of significance in all tests was consid-
ered equal to 0.05.

Results

Among these 30 patients who were evaluated,
the mean age was (42.40%:12.47) years old and more
than half of them 22 (73.3%) were male. The most
prevalent pre-transplant comorbidity among patients
was hypertension (n = 15.50%). Hypertension (hy-
pertensive nephropathy) was the most frequent cause
of ESRD as an indication for transplantation (25%
of cases). The mean time between transplantation
and diagnosis was 15.58+15.30 months. The mean
duration on dialysis before transplant was 2.85+2.30
years and the most common dialysis method was he-
modialysis. 86.7% of cases were transplanted for the
first time. Transplants from deceased donors were
more common than living donors. All recipients had
positive serum BKV PCR and 56.7% of recipients
experienced CMV viremia. Tacrolimus treatments
were administered more frequently than other im-
munosuppressive treatments.

Biopsy records of 11 patients were available.
Interstitial inflammation with tubular cytopath-
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Table 1. Demographic and clinical characteristics,

laboratory and histopathological findings

Variable M=SD
Mean age at diagnosis (years)=SD 42.40+12.47
Male 22 (73.3%)
Female 8 (26.7%)
Pre-transplant comorbidities Frequency
Hypertension, n (%) 15 (50%)
Diabetes, n (%) 9 (30%)
Ischemic heart disease, n (%) 1(33%)
Systemic lupus erythematosus, n (%) 1(33%)
Hypothyroidism, n (%) 1(33%)
Renal agenesis, n (%) 1(33%)
Nephrectomy of the patient’s kidney, n (%) 1(33%)
Liver transplant, n (%) 1(33%)
Hepatitis B, n (%) 1(33%)
Cause of ESRD
:Zgﬁ:iel)nastiﬁ‘;; (hypertensive 5 (25%)
chronic glomerulonephritis 4 (20%)
ADPKD 3 (15%)
urinary reflux 2 (10%)
antibiotic toxicity 1(5%)
nephrectomy due to RCC 1 (5%)
chronic kidney disease (CKD) 1 (5%)
lupus nephropathy 1(5%)
membranous glomerulonephritis (MGN) 1(5%)
primary hypertension 1(5%)
Dialysis data
mean time between transplantationand | 15.58+15.30
diagnosis months
mean duration on dialysis prior 2.85+2.30
to transplant years
Dialysis method
hemodialysis 25 (89.3%)
peritoneal dialysis 3 (10.7%)
Transplantation
first time 26 (86.7%)
second time 4 (13.3%)
Donor type
deceased donors 23 (76.7%)
living donors 7 (23.3%)
Laboratory findings
:szg)r of BKV genome in PCR (million 3824018
2:&2:{ of CMV genome in PCR (million 4.39 +1.07
hematuria or pyuria in US 10 (33%)

Note. ADPK: Autosomal dominant polycystic kidney, RCC: Renal
Cell Carcinoma, US: Urine sample, ATN: Acute tubular necrosis,
GN: Glomerulonephritis, MGN: membranous glomerulonephritis,

TIN: tubulointerstitial nephritis.

Table 2. Mean time until AKI diagnosis
posttransplant

Mean time until AKI diagnosis
posttransplant
SE=14.43,R2=0.0109
Beta=0.376, p = 0.045
95%Cl =-0.30t0 -23.45

Urinalysis (pyuria or
hematuria)

ic changes was the most common biopsy finding.
Demographic and clinical characteristics and labo-
ratory and histopathological findings are summa-
rized in Table 1. Hematuria or pyuria was detected
in 10 cases, and we developed a linear regression
model among these cases (p = 0.045) (Table 2).

The mean average level of creatinine increase
measured at baseline compared to one month, six
months, and one-year posttransplant showed an
increase of more than 25%. The analysis of serum
creatinine levels between four different timelines
showed that a rise in creatinine levels, 25% or more
than the baseline, were significantly different at one
month and six months post-transplant (p < 0.05), but
its difference with one year after transplantation was
not significant (p = 0.263) (Table 3).

The mean duration on dialysis before transplant
had a significant correlation with the amount of tu-
bular atrophy, interstitial infiltration, and blood
level of cyclosporine (p < 0.05). we also found that
the higher the cyclosporin blood level, the earlier pa-
tients with BKV infection develop renal dysfunction
(rising creatinine level) (p < 0.05) (Table 4).

There was also a significant but inverse correlation
between the blood level of cyclosporine and the time
elapsed since kidney transplantation, suggesting that
the higher the cyclosporin blood level, the more pa-
tients with BKV infection develop renal dysfunction
and elevated serum creatinine in a shorter period
than those who receive a kidney transplant (Table 4).

Discussion

The findings of this study may not be accurate-
ly compared with similar studies. The incidence
of BKV infection in the present study was 22.2%

Table 3. The increase in serum creatinine levels
(mgy/dl)

The amount
transpiant | ™ea%50 | o citforance | P A1Ue”
with the baseline

Posttransplant | 2.53+1.09

1 month 1.57+0.30 0.96 (61.1%) <0.001
6 months 1.73+0.67 0.80 (46.2%) 0.004

1 year 1.83+0.83 0.70 (38.2%) 0.263
P value* 0.204

Note. * Repeated Measures ANOVA test was used for comparison.
**Wilcoxon test was used for comparison.
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Table 4. Correlations between quantitative variables in this study

Serum Tacrolimus | Serum Cyclosporine Interstitial
level level Tubular atrophy inflammation

Mean duration on dialysis prior r=0.820 r=0.902 r=0.951

to transplant p=0.046 p <0.001 p =0.001
The time between KT and renal r=0.764

dysfunction p=0.046

Serum creatinine level r=0.465

at baseline p=0.039

Note. KT: Kidney transplant.

among KTRs diagnosed with AKI which is similar
to a systematic review of several geographical zones
in Iran that KTRs had a BKV infection rate of 23%.
although Jamshidi et al.’s study was conducted in the
same geographic region as our study, northeastern
Iran, the prevalence of polyomavirus infection among
all KTRs was 4.7% [19] in line with our study, Cobo
et al. research showed 36.36% of KTRs had posi-
tive urine sampling for BKV [7] contrary to present
results, some previous studies also reported a lower
rate of BKV contamination among KTRs [2, 23].
The disparity between the studies can be explained
by the difference in their sampled target populations.
A study from Iraq published in 2016 found that only
2.8% of KTRs tested positive for BKV virus in their
serum using a conventional PCR method. However,
serum samples in KTRs with a rise in creatinine
(AKI) were not evaluated separately [27]. Peshgagi
et al. published a study in 2012 in which 31 kidney
transplant recipients were tested for BKV and JC
infection, two types of polyomaviruses. According
to the findings, 29% of patients had positive PCR re-
sults for BKV while 16% had decoy cells. Even though
the prevalence of BK virus infection was high, they
did not observe changes in kidney biopsy results re-
vealing BKVAN [30]. We found a lower PCR positiv-
ity percentage in our study, compared to this study,
which can be explained by the different types of sam-
ples collected (urine and serum).

In the present study, we established that the av-
erage duration from the detection of BKV positivity
to diagnosis is 16 months following transplantation.
In contrast, Ghafari et al. conducted a study in Iran
that indicated a longer average duration of 23 months
for BKV nephropathy post-transplant. This notable
difference is attributed to the variability in study
methodologies; our research included all patients
with positive PCR results, while Ghafari et al. fo-
cused solely on cases supported by immunohisto-
chemical evidence. Furthermore, existing literature
on adult patients consistently shows that the average
time to BKYV viremia detection can range from 1.5
months to one year after kidney transplantation [10,
11, 12, 14, 23, 39]. In a study conducted by Favi et
al., it was found that over half of the cases were di-
agnosed with BKV viremia at an average of three
months after transplantation. Following this,
a monthly follow-up was carried out during the first

six months after the transplant, according to the
guidelines set by the Kidney Disease Improving
Global Outcomes (KDIGO) [10]. In other studies
conducted on pediatric patients, BKV infection has
been detected between 3 and 11 months post-trans-
plantation. Notably, in a prospective cohort study
involving pediatric patients, Hymes et al. found that
the average time until the detection of BKV viremia
was 90 months [18]. In the present study, all 30 recip-
ients had BKYV viral loads exceeding 10 000 copies/
mL, and all tested positive for BKV on PCR. Close
monitoring of BKV viral load and creatinine levels
is crucial for patients who develop BKV nephropa-
thy (BKVN). Although no definitive cutoff for viral
load has been established that is strongly associated
with BKV nephropathy, some researchers suggest
that BKVN may be preceded by viral loads greater
than 4 log copies/mL. In the present study, all 30
recipients had BKYV viral loads exceeding 10 000
copies/mL, and all tested positive for BKV on PCR.
Close monitoring of BKV viral load and creatinine
levels is crucial for patients who develop BKV ne-
phropathy (BKVN). Although no definitive cut-off
for viral load has been established that is strongly
associated with BKV nephropathy, some research-
ers suggest that BKVN may be preceded by viral
loads greater than 4 log copies/mL [2, 16, 23]. We
also found hematuria or pyuria in the urine sam-
ple in one-third of patients, which interestingly had
a significant correlation with the duration of occur-
rence of renal dysfunction (AKI) posttransplant.
In other words, renal dysfunction was found earlier
in patients who had hematuria or pyuria. CMV-
DNA PCR was positive in 56.7%. Previous reports
demonstrated various ranges of CMYV positivity
among KTRs [7, 9, 26, 38]. Several studies reported
that CMYV, one of the viral infections accompany-
ing BKYV infection, has been noted as a risk factor
for BKV infection [2, 5, 8, 29]. According to biopsy
data, the most common histopathology features
were interstitial inflammation with tubular cyto-
pathic changes in four patients. acute renal rejec-
tion was confirmed in 3 patients. Based on several
studies, due to morphological similarities between
early BKVAN and other diagnoses such as acute
rejection, light microscopy alone cannot be used as
a definite diagnosis of BKVAN. Therefore, a biopsy
examination must be performed [9, 16].
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In the study published by Ghafari Moghadam et
al. in Urmia, northwest Iran, 160 KTRs underwent
kidney biopsy examination. The average age of the
patients was about 35 years, which was similar to the
present study. We observed a similar ratio among our
cases with positive pathology presenting BKVAN.
Although considering that in this study we investi-
gated the frequency of BKVAN among patients with
AKI diagnosis after kidney transplant, not all trans-
plant patients, it can be argued the Urmia study re-
port appears relatively high.

Our study showed higher cyclosporin level is relat-
able with earlier kidney dysfunction. A few studies have
demonstrated that cyclosporin may present a higher risk
of BK virus infection than other immunosuppressive
therapies [31, 33]. Although many studies reported tac-
rolimus was one of the main risk factors of post-trans-
plant BKV infection [14, 16, 20]. The first sign of kidney
damage in patients with renal dysfunction is usually an
increase in serum creatinine levels change in serum cre-
atinine value compared to previously measured values
was used to select patients for this study.

Limitations

We are aware of our study limitations, such as
the lack of essential data to determine the status
of BKV infection in several patients. Accordingly, an
accurate estimation of the prevalence seemed diffi-
cult to achieve. Furthermore, the retrospective nature
of the study, hindered the investigation of the infection
amongst the study population using more specific di-
agnostic tests. For example, in the case of immunohis-
tochemistry, we used a monoclonal antibody against
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SV40 antigen, which has a cross-reaction with SV40
and JC viruses and is not specific to BKV.

Conclusion

In conclusion, the present findings reveal that
the frequency of BKV infection among kidney trans-
plant recipients diagnosed with acute kidney injury
(AKI) at our center stands at 22%. The key predic-
tor for this condition in kidney transplant patients
is the presence of hematuria and pyuria in urine tests.
Furthermore, we observed a significantly higher in-
cidence of BK infection in men compared to women,
while no significant differences were found between
genders in the control group.
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