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Abstract

BK virus-induced nephropathy is an important cause of renal dysfunction, leading
to the loss of transplanted kidneys in up to 50% of cases. This study 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 Montaserieh 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 U/A was significantly associated
with the time from transplantation to the diagnosis of kidney dysfunction in the
regression analysis (95%CI: -0.30 to -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.



Keywords: BKV infection, Renal failure, Transplant rejection, Transplanted

Kidney.

Pe3rome.

Hedponarus, BeBanHas BK-Bupycom, sBisercs BaxHOW NPUUYUHOU
MOYEYHON AMCPYHKIMHU, TPUBOMASIICH K TOTepe MepecakeHHbIX mouek B 50%
ciydaeB. Llenpio naHHOTO MCCienoBaHMs ObUIa OLEHKa 4acTOThl 3apaxkeHus BK-
BUPYCOM CpeAM MAIMEHTOB MOCJe TpaHCIIaHTaluu nouek B Mpane.

B HacrosimiemM peTpoCneKTUBHOM IMONEPEYHOM HCCIEIOBAHUU PELUTTUCHTHI
TPAHCIUIAHTATOB ITOYEK C IMOBBIIICHUEM YPOBHSI KPEaTHHHHA CBIBOPOTKH Ha 25%
WIM BBIIIE 10 UCTEYCHUH KaK MUHUMYM OJHOTO MecCslla TPaHCIUIAHTAIMKU OBLIU
obOcnenoBanbl B OonbHUIlE Memixen MonTacepuex. bpuUin BKIIIOUEHBI JUIA C
npu3Hakamu 3apaxkeHus BK-Bupycom, BKIOYas HMMEIOMIMX MOJOXKHUTEIbHYIO
noyimMepasHyo nennyto peakiuio (I1LP) ceiBopoTKH Minm Mouwn.

B uenom, uz 471 mamuenta, B 135 ciyyasx (28,7%) Oblia TUarHoCTUpOBaHa
muchyHKIMs — TpaHciiantata  noukd.  Wudexuus  BK-Bupycom — Obuia
JIMAarHOCTHPOBaHa Ha ocHOBaHUU noJioxkutenbHol [P y 30 manuentos (22,2%), a
He(ponaTusi, BbI3BaHHass BK-Bupycom, oOnHapyxkena y 11 mamuentoB (8,1%).
HaubGonee wacToil mpuYMHON TEPMHUHAIBHOW CTAIUU XPOHUUYECKOW MOYECHHOU
Henocrtatoudoct  (TXIIH) ©Ovima  runepronus  (33,3%), a  nHaumbonee
pacrpoCTpaHEHHBIM METOJI0OM auanu3a Obl1 remoauanus (90%). ¥V 10 marueHToB
OoTMEYeHa TremaTypuss Wi nuypus. Y 11 DanMeHToB € MNaTOJIOrMYECKUMH
MPOSIBICHUSIMU HanOoJiee 4acTol OOHapyKEHO MHTEPCTULMAILHOE BOCIAJIEHUE C
TyOyJSIpHBIMU LIUTONATUYECKUMU U3MeHeHussMu (4 maruenta, 36,4%). YpoBeHb
LMKJIOCTIOPMHA B KPOBHU JOCTOBEPHO KOPPEIHUPOBAT CO CPOKAMH OT MPOBEACHUS
TPaHCIUIAHTALIMK J0 MOCTAHOBKH JMArH03a, a ypOBEHb TaKPOJMMYCa 3HAUUTEIHHO
KOppEJIUpOBaJl C YPOBHEM KpeaTMHHHA HpH mnoctaHoBke auarnosza (P < 0,05).
[TonoxutenbHas npoba Ha BK-Bupyc B Moue Obl1a JOCTOBEPHO aCCOLMHUPOBAHA CO

CpOKaMH OT IMPOBCACHUA TPaHCIUIaHTAOIWKW A0 IIOCTAHOBKHU IHAI'HO3a I[I/IC(I)YHKLII/II/I



MOYEK C MPUMEHEHUEM perpeccuonHoro ananmsa (95% JU: ot -0,30 no -23,45, P =
0,045).

HawnGosee BaxXHBIM PETUKTOPOM BOZHUKHOBEHUS YKa3aHHOTO PACCTPONUCTBA
y MalMeHTOB MMOCJIe TPAHCIIAHTAIIUY TIOYKH OBLIO HATMYKE TeMATYPHUH U TIHYPHUH B
aHanu3ax Mouu. bonee Toro, yactora 3apaxenust BK-Bupycom Oblia 10CTOBEpHO
BBHIIIC Y MY)KUMH, Ye€M Y JKEHIWH, TOTJa KaKk B KOHTPOJIBHOW T'PYIIIE MOA00HBIX

MCIKIIOJIOBBIX paBJII/ILII/Iﬁ HC Ha6J'IIOI[aJIOCI>.

KiarudeBsble ciioBa: BK-BHPYCHEUI HH(i)eKHI/IH, IHouc4yHasa HCAOCTAaTOYHOCTD,

OTTOPKCHUC TPAaHCIINIAaHTATa, IICPCCAKCHHAA ITOYKaA.
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1 Introduction

Most polyomaviruses are broadly distributed in nature. Of all the
Polyomaviridae family, thirteen 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 people, 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 median age being 5 years—
and it usually has asymptomatic or upper respiratory symptoms[22]. After
subclinical primary infection, BKV remains dormant in various sites, established in
the renal tubular and uroepithelial cells, where its periodical reactivation is proven
by asymptomatic viruria in 7-15% of healthy individuals and does not have
considerable clinical complications [21,23]. Reactivation of BKV can cause serious
clinical consequences only in people with immunodeficiency conditions such as
HIV infection, cancer, pregnancy, people undergoing chemotherapy, the use of
immunosuppression, and solid organ and bone marrow transplant recipients [3,24].
BKV infection can cause hemorrhagic and non-hemorrhagic cystitis, ureteric
stenosis, tubulointerstitial nephritis, transient renal dysfunction, and BKV
nephropathy[24,29,33]. Kidney transplantation is a lifesaving operation and an
alternative 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 BKVVAN 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 replication,
viremia occurs several weeks later to precede viruria. BKV replication, which
mostly takes place in kidney tissue, results in viremia in 13-22% and viruria in 30-
50% of individuals [24,25,33]. However, most infections in KTRs occur without
clinical features except for a serum creatinine rise. Current recommendations

suggest non-invasive screening tests in urine or plasma for early BKV contamination
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to avoid progression to irreversible structural damage [24,29,32]. As viruria
precedes viremia, preventing 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 diagnosis of BKVAN [25]. Several studies determined using
Immunosuppressive regimens such as tacrolimus and cyclosporine one of the most
relevant important 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 diseases. 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
compared to the previous test. Accordingly, patients diagnosed with transplanted
kidney dysfunction, in terms of BKV infection were investigated. To investigate the
presence of BKV infection, the results of specialized tests performed for the patient,
especially the polymerase chain reaction (PCR) test for BK virus, were fully
reviewed. Finally, patients whose serum 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 dialysis, the
type of dialysis (peritoneal or hemodialysis), the primary etiology of ESRD(End
Stage Renal Disease) and dialysis, and finally, the number of transplants. Kidney
transplant (unilateral or bilateral), the type of kidney transplant, and the time interval
between the referral due to increased creatinine and the kidney transplant procedure
of participants were extracted and recorded in the checklist. Initial paraclinical and

laboratory information, including serum creatinine level, serum level of drugs, and
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urine test results (in terms of pyuria 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 microscopic studies on
the biopsy samples of all patients, were extracted as well.

The histopathological investigations encompassed a broad range of findings,
including glomerular sclerosis, interstitial fibrosis, tubular atrophy, and the presence
of viral inclusion bodies in tubular cells. Immunohistochemistry(IHC) was
performed to detect the SV40 antigen, which confirms BK virus infection. The
sequential steps in IHC can be summarized as follows: antigen retrieval (AR),
addition of primary antibody, application of a secondary antibody that binds the
primary antibody, and addition of a detection reagent to localize 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 species. 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 central
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"3 copies/ml. Furthermore, histopathological assessments of kidney

allograft biopsies conducted at any time post-transplant indicated the presence of
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BK virus-associated nephropathy (BKVAN), as evidenced by immunohistochemical
staining for Simian virus 40 (SV40) documented in 11 patient records. Secondary
analyses employed descriptive statistics to evaluate demographic data, clinical
features related to kidney disease, associated comorbidities, duration of dialysis,
type of dialysis (peritoneal or hemodialysis), causes of the patient's progression to
end-stage renal disease (ESRD), whether the transplant was the first or second, donor
type, and the time interval between kidney transplantation and the onset of renal
dysfunction. Additionally, laboratory values, including hemoglobin, serum
creatinine, and drug blood levels, were assessed alongside urine sample analyses
(pyuria and hematuria), urine culture results, and CMV-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 statistical 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 between creatinine level at the time of kidney
dysfunction 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 coefficient (Beta), standard error (SE),
and 95% confidence interval (95%CI). The results of the correlation test were
reported using the correlation coefficient (r). The level of significance in all tests
was considered equal to 0.05.

o 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
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prevalent pre-transplant comorbidity among patients was hypertension. (n=15.50%).
hypertension (hypertensive nephropathy) was the most frequent cause of end-stage
renal disease (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 2.854+2.30 years and the most common
dialysis method was hemodialysis. 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
Immunosuppressive treatments.

Biopsy records of 11 patients were available. Interstitial inflammation with
tubular cytopathic changes was the most common biopsy finding. Demographic and
clinical characteristics and laboratory and histopathological findings are
summarized 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 tubular atrophy, interstitial infiltration, and blood level of
cyclosporine (P<0.05). we also found that the higher the cyclosporin blood level, the
earlier patients with BKV infection develop renal dysfunction (rising creatinine
level) (P<0.05)(Table 4).
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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 patients 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 accurately compared with similar
studies. The incidence of BKV infection in the present study was 22.2% 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
positive 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 results
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 revealing
BKVAN [30]. We found a lower PCR positivity percentage in our study, compared
to this study, which can be explained by the different types of samples collected

(urine and serum).
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In the present study, we established that the average 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. focused solely on cases
supported by immunohistochemical evidence. Furthermore, existing literature on
adult patients consistently shows that the average time to BKV viremia detection
can range from 1.5 months to one year after Kkidney 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 diagnosed 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-
transplantation. 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 recipients had BKV viral loads exceeding
10,000 copies/mL, and all tested positive for BKV on PCR. Close monitoring of
BKYV viral load and creatinine levels is crucial for patients who develop BKV
nephropathy (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 BKV 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 nephropathy
(BKVN). Although no definitive cutoff for viral load has been established that is
strongly associated with BKV nephropathy, some researchers suggest that BKVVN
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may be preceded by viral loads greater than 4 log copies/mL [2,16,23]. We also
found hematuria or pyuria in the urine sample in one-third of patients, which
interestingly had a significant correlation with the duration of occurrence 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 CMV positivity among
KTRs (7, 9, 26, 38). Several studies reported that CMV, one of the viral infections
accompanying BKV infection, has been noted as a risk factor for BKV infection
[2,5,8,29,5]. According to biopsy data, the most common histopathology features
were interstitial inflammation with tubular cytopathic changes in four patients. acute
renal rejection 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 BKVVAN.
Therefore, a biopsy examination must be performed [9,16].

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 investigated the frequency of BKVAN among
patients with AKI diagnosis after kidney transplant, not all transplant patients, it can
be argued the Urmia study report appears relatively high.

Our study showed higher cyclosporin level is relatable 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 tacrolimus was one of the main risk factors of post-
transplant 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
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serum creatinine 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 difficult to achieve. Furthermore, the
retrospective nature of the study, hindered the investigation of the infection amongst
the study population using more specific diagnostic tests. For example, in the case
of immunohistochemistry, we used a monoclonal antibody against SVV40 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 transplant recipients diagnosed with acute kidney injury (AKI) at our
center stands at 22%. The key predictor for this condition in kidney transplant
patients is the presence of hematuria and pyuria in urine tests. Furthermore, we
observed a significantly higher incidence of BK infection in men compared to

women, while no significant differences were found between genders in the control

group.

Ethical approval:

This research followed the tenets of the Declaration of Helsinki. The study
protocols were approved by the institutional ethical committee at Mashhad
University of Medical Sciences, Mashhad, Iran
(IR.MUMS.MEDICAL.REC.1398.481). Accordingly, all the patients were
informed about the research, and consent was taken from them before any
intervention.
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TABJINLbBI

Table 1. Demographic and clinical characteristics, laboratory and histopathological

findings.

Variable M=SD
Mean age at diagnosis (years) + | 42.40+12.47
SD

Male 22(73.3%)
female 8(26.7%)
Pre-transplant comorbidities Frequency
Hypertension, n (%) 15(50%)
diabetes, n (%) 9(30%)
Ischemic heart disease, n (%0) 1(33%)
Systemic lupus erythematosus, n | 1(33%)
(%)

Hypothyroidism, n (%) 1(33%)
Renal agenesis, n (%) 1(33%)
Nephrectomy of the patient’'s| 1(33%)
kidney, n (%)

Liver Transplant, n (%o) 1(33%)
hepatitis B, n (%) 1(33%)
Cause of ESRD

Hypertension(Hypertensive 5(25%)
nephropathy)

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 | 1(5%)
(MGN)

Primary Hypertension 1(5%)

Other causes

Dialysis data

mean time between

transplantation and diagnosis

15.58+15.30 months.

mean duration on dialysis prior to

transplant

2.85+2.30 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

Number of BKV genome in PCR | 3.82+0.18
(million copies)

Number of CMV genome in PCR | 4.39+ 1.07
(million copies)

hematuria or pyuria in US 10(33%)




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
U/A analysis ( pyuria or hematuria) SE=14.43 , R?=0.0109
Beta=0.376 , P=0.045
95%CI =-0.30 to -23.45

Table 3. The increase in serum creatinine levels (MG/DL).

Time after transplant | mean+sd The amount | P value**
(percentage) of the
difference with the
baseline

posttransplant 2.53+1.09

1 month 1.57+0.30 0.96(61.1%) <0.001

6 months 1.7340.67 0.80(46.2%) 0.004

1 year 1.83+0.83 0.70(38.2%) 0.263

P value* 0.204

* Repeated Measures ANOVA test was used for comparison.

** Wilcoxon test was used for comparison.



Table 4. Correlations between quantitative variables in this study.

Serum Serum Tubular interstitial
Tacrolimus Cyclosporine atrophy inflammation
level level

mean duration on r=0.820 r=0.902 r=0.951

dialysis  prior to p=0.046 p<0.001 p=0.001

transplant

The time between KT r=0.764

and renal dysfunction p=0.046

Serum Creatinine r=0.465

level p=0.039

At baseline

KT: Kidney transplant



TUTYJbHBIA JIUCT METAJAHHBIE

baok 1. Uudgopmanusi 06 aBTOpe 0TBETCTBEHHOM 32 MEePenucKy

Jalambadani Zeinab, Assistant Professor of Health Education and Promotion,
Non-Communicable Diseases Research Center, Faculty of Medicine, Sabzevar
University of Medical Sciences, Sabzevar, Iran, Department of Community
Medicine, Faculty of Medicine, Sabzevar University of Medical Sciences, Sabzevar,
Iran

Tel:05144018301 Fax: 05144018301.E-mail: jalambadaniz@gmail.com.

jalambadaniz@medsab.ac.ir

Mxanambananu 3eiinad, 1oneHT kadeapbl CAHUTAPHOTO TMPOCBEIICHUS U
Iporaraljbl 3J0pOBOTO 00pasza u3HH, LleHTp ucciemoBanuii HeMHEGEKITMOHHBIX
3a0oneBaHui, MeaUUUHCKUIA (aKyJIbTeT, YHUBEPCUTET MEIULHUHCKUX HAyK
Cab3eBap, Ca63eBap, Upan, Kadeapa obmecTBeHHONH MeauIMHBI, MeaUIIUHCKUI
dakynbreT, Meauunckuii yausepcuret Cad3eBap, Cad3eBap, Upan

Ten.: 05144018301 daxkc: 05144018301.

On. mouta: jalambadaniz@gmail.com. jalambadaniz@medsab.ac.ir

baok 2. Undopmanus 06 aBTopax

Samadi Katayoun, Assistant Professor of Nephrology, Department of Internal
Medicine, Faculty of Medicine, Sabzevar University of Medical Sciences,Sabzevar,
Iran

Camamm Karawn, noueHt kadeapsl Hedposioruu, Kapeapa BHYTpPEHHEH
METUITMHBI, MEIUIIMHCKUN (PaKyIbTeT, Y HUBEPCUTET MEAUITMHCKUX Hayk Cab3eBap,

Ca03eBap, Upan


mailto:jalambadaniz@gmail.com,zeinab.jalambadani@iaus.ac.ir
mailto:jalambadaniz@medsab.ac.ir

Azhdary Moghaddam Yeganeh, Student Research committee, Faculty of
Medicine, Mashhad University of Medical Sciences, Mashhad, Iran;

Faculty Member, Zahedan University of Medical Sciences, Zahedan, Iran
Axkaapel Moragaam Meranex, CTyneHUYeCKHH HCCIIEOBATENbCKHIT KOMHTET,
MEIUIMHCKUM  akyabTeT, MemXeaCKuii YHUBEPCUTET MEAUIIMHCKUX HayK,
Meuxen, Upan;

[IpenonaBarenb, 3axeqaHCKUI YHUBEPCUTET MEIUIIMHCKUX HAYK, 3axenaH, Upan

Zeraati Abbasali, Kidney Transplantation Complications research center, Mashhad
university of medical sciences, Mashhad Iran
3epaatu A00acanm, LleHTp nccnenoBaHNil OCIOKHEHU TPAHCIUIAHTALIUU TTOYEK,

Meuxenckuii yHUBEpCUTET MEAULIMHCKUX HayK, Memxen, Mpaun

Khatibi Seyed Ali akbar, Student Research committee, Faculty of Medicine,
Mashhad university of medical sciences, Mashhad, Iran

XatuOou Ceiien Aam AxOap, CTyneHYECKHMH HCCIENOBATEIbCKAN KOMHUTET,
MemuuuHckuii - dpakyabTeT, Memxeackuii YHMBEPCUTET MEAMIMHCKUX Hayk,

Memxen, Upan

Zeraati Tina, Mashhad univesity of Medical Sciences, Mashhad, Iran

3epaarun Tuna, Memxenckuil yHUBEpCUTET MEAULMHCKUX HayK, Memxen, Mpan

Ravanshad Yalda, Department of Community Medicine, Mashhad Branch, Islamic
Azad University, Mashhad, Iran.
Paganman fnna, xadenpa oOmiecTBeHHOM MemunuHbl, ¢Guwman B Memxene,

Ncnamckuii yausepcuteT Azan, Memxen, Mpas.



baok 3. MeragaHHbIe CTATHH
THE INCIDENCE OF BK VIRUS INFECTION IN PATIENTS WITH
DYSFUNCTION OF KIDNEY TRANSPLANT

3ABOJIEBAEMOCTH BK-BUPYCHOM MH®EKIMEN V IAIIMEHTOB C
JIMCOYHKIMEM TPAHCIUIAHTATA TIOUKU

CokpalieHHOe HA3BaHUE CTATHH /1JIsl BEPXHEro KOJOHTHUTYJIA:
THE INCIDENCE OF BK VIRUS INFECTION IN PATIENTS
3ABOJIEBAEMOCTH BK-BPYCHOM MH®EKIMEN Y [TAITUEHTOB

Keywords: BKV infection, Renal failure, Transplant rejection, Transplanted

Kidney.

KiawoueBble cJioBa: BK-BI/Ip}ICHaﬂ I/IH(bCKI_[I/IH, moucyHasa HCAOCTATOYHOCTD,

OTTOPKCHUC TPAHCIINIAHTATa, IICPCCAKCHHAA ITOYKA.

OpurvuHaiabHbIE CTaThU.
KommuecTBo crpanui Tekcra — 9,
KOJIMYECTBO Ta0iuIl — 4,

KOJIMYE€CTBO PUCYHKOB — 0.

16.12.2024



CIIMCOK JIMTEPATYPBI

References
sequence
number

Authors,title of a publication and source
where it was published,publishers imprint

Full name,title of a publication and
source in English

References URL

Ahlenstiel-Grunow, T., & Pape, L. (2020).
Diagnostics, treatment, and immune response
in BK polyomavirus infection after pediatric
kidney transplantation

Pediatric Nephrology, 35, 375-382.

http://dx.doi.org/10.1007/s00467-018-4164-3

Avci, B., Baskin, E., Giilleroglu, K., Ecevit,
Z.,Soy, E. A., Moray, G., & Haberal, M.
(2022). BK Polyomavirus Infection and Risk
Factors in Pediatric Patients Undergoing
Kidney Transplant.

Experimental and Clinical
Transplantation: Official
Journal of the Middle East
Society for Organ
Transplantation, 20(Suppl
3), 105-111.

http://dx.doi.org/10.6002/ect.PediatricSymp2022.

034

Barraclough, K. A., Isbel, N. M., Staatz, C. E.,
& Johnson, D. W. (2011). BK virus in kidney
transplant recipients: the influence of
Immunosuppression

Journal of transplantation, 2011.

http://dx.doi.org/10.1155/2011/750836

Bechert, C. J., Schnadig, V. J., Payne, D. A.,
& Dong, J. (2010). Monitoring of BK viral
load in renal allograft recipients by real-time
PCR assays.

American journal of clinical

pathology, 133(2), 242-250.

http://dx.doi.org/10.1309/AJCP63VDFCKCRUU
L

Blazquez-Navarro, A., Dang-Heine, C.,
Wittenbrink, N., Bauer, C., Wolk, K., Sabat,
R., Westhoff, T. H., Sawitzki, B., Reinke, P.,
& Thomusch, O. (2018). BKV, CMV, and
EBYV interactions and their effect on graft

EBioMedicine, 34, 113-121

http://dx.doi.org/10.1016/j.ebiom.2018.07.017



http://dx.doi.org/10.1007/s00467-018-4164-3
http://dx.doi.org/10.6002/ect.PediatricSymp2022.O34
http://dx.doi.org/10.6002/ect.PediatricSymp2022.O34
http://dx.doi.org/10.1155/2011/750836
http://dx.doi.org/10.1309/AJCP63VDFCKCRUUL
http://dx.doi.org/10.1309/AJCP63VDFCKCRUUL
http://dx.doi.org/10.1016/j.ebiom.2018.07.017

function one year post-renal transplantation:
results from a large multi-centre study.

Borriello, M., Ingrosso, D., Perna, A. F.,
Lombardi, A., Maggi, P., Altucci, L., &
Caraglia, M. (2022). BK virus infection and
BK-Virus-Associated nephropathy in renal
transplant recipients.

Genes, 13(7), 1290.

http://dx.doi.org/10.3390/genes13071290

Cobos, M., Aquilia, L., Garay, E., Ochiuzzi,
S., Alvarez, S., Flores, D., & Raimondi, C.
(2018). Epidemiologic study and genotyping
of BK virus in renal transplant recipients.
(Ed.),"(Eds.).

Transplantation Proceedings

http://dx.doi.org/10.1016/j.transproceed.2017.12.0

44

Demey, B., Tinez, C., Francois, C., Helle, F.,
Choukroun, G., Duverlie, G., Castelain, S., &
Brochot, E. (2018). Risk factors for BK virus
viremia and nephropathy after kidney
transplantation: A systematic review

Journal of clinical virology, 109, 6-
12.

http://dx.doi.org/10.1016/7.1cv.2018.10.002

Durairaj, J., Follonier, O. M., Leuzinger, K.,
Alexander, L. T., Wilhelm, M., Pereira, J.,
Hillenbrand, C. A., Weissbach, F. H.,
Schwede, T., & Hirsch, H. H. (2024).
Structural implications of BK polyomavirus
sequence variations in the major viral capsid
protein Vpl and large T-antigen: a
computational study.

Msphere, 9(4), €00799-00723.

http://dx.doi.org/10.1128/msphere.00799-23

10.

Favi, E., Puliatti, C., Sivaprakasam, R.,
Ferraresso, M., Ambrogi, F., Delbue, S.,
Gervasi, F., Salzillo, 1., Raison, N., &
Cacciola, R. (2019). Incidence, risk factors,
and outcome of BK polyomavirus infection
after kidney transplantation.

World journal of clinical cases,
7(3), 270.

http://dx.doi.org/10.12998/wijcc.v7.13.270



http://dx.doi.org/10.3390/genes13071290
http://dx.doi.org/10.1016/j.transproceed.2017.12.044
http://dx.doi.org/10.1016/j.transproceed.2017.12.044
http://dx.doi.org/10.1016/j.jcv.2018.10.002
http://dx.doi.org/10.1128/msphere.00799-23
http://dx.doi.org/10.12998/wjcc.v7.i3.270

11.

Fortun, J., Martin-Davila, P., Pascual, J.,
Cervera, C., Moreno, A., Gavalda, J., Aguado,
J., Pereira, P., Gurgui, M., & Carratala, J.
(2010). Immunosuppressive therapy and
infection after kidney transplantation.

Transplant Infectious Disease,
12(5), 397-405.

http://dx.doi.org/10.1111/5.1399-
3062.2010.00526.x

12.

Geddes, C., Gunson, R., Mazonakis, E., Wan,
R., Thomson, L., Clancy, M., & Carman, W.
(2011). BK viremia surveillance after kidney
transplant: Single-center experience during a
change from cyclosporine-to lower-dose
tacrolimus-based primary immunosuppression
regimen.

Transplant Infectious Disease,
13(2), 109-116.

http://dx.doi.org/10.1111/5.1399-
3062.2010.00566.x

13.

Govind, S., Fritzsche, M., Jenkins, A.,
Cleveland, M. H., Vallone, P. M., Almond, N.,
Morris, C., & Berry, N. (2023). Deep
sequencing and molecular characterisation of
BK virus and JC virus WHO international
reference materials for clinical diagnostic use.

Viruses, 15(6), 1289

http://dx.doi.org/10.1681/ASN.000000000000045

7

14.

Gras, J., Le Flécher, A., Dupont, A., Vérine,
J., Amara, A., Delaugerre, C., Molina, J. M.,
& Peraldi, M. N. (2023). Characteristics, risk
factors and outcome of BKV nephropathy in
kidney transplant recipients: a case—control
study.

BMC Infectious Diseases, 23(1),
74.

http://dx.doi.org/10.1186/s12879-023-08043-z

15.

Hiéssig, A., Roos, M., Etter, A., Bossart, W.,
Miiller, N., Schiesser, M., Wiithrich, R. P., &
Fehr, T. (2014). Association of BK viremia
with human leukocyte antigen mismatches
and acute rejection, but not with type of
calcineurin inhibitor.

Transplant Infectious Disease,
16(1), 44-54.

http://dx.doi.org/10.1111/tid. 12153



http://dx.doi.org/10.1111/j.1399-3062.2010.00526.x
http://dx.doi.org/10.1111/j.1399-3062.2010.00526.x
http://dx.doi.org/10.1111/j.1399-3062.2010.00566.x
http://dx.doi.org/10.1111/j.1399-3062.2010.00566.x
http://dx.doi.org/10.1681/ASN.0000000000000457
http://dx.doi.org/10.1681/ASN.0000000000000457
http://dx.doi.org/10.1186/s12879-023-08043-z
http://dx.doi.org/10.1111/tid.12153

16.

Hirsch, H., Babel, N., Comoli, P., Friman, V.,
Ginevri, F., Jardine, A., Lautenschlager, I.,
Legendre, C., Midtvedt, K., & Mufioz, P.
(2014). ESCMID Study Group of Infection in
Compromised Hosts. European perspective on
human polyomavirus infection, replication
and disease in solid organ transplantation.

Clin. Microbiol. Infect., 20(Suppl.
7)), 74-88.

17.

Hirsch, H. H., Mengel, M., & Kamar, N.
(2022). BK polyomavirus consensus.

Clinical Infectious Diseases,
75(11), 2046-2047.

http://dx.doi.org/10.1681/ASN.000000000000
0457

18.

Helle, F., Aubry, A., Morel, V., Descamps, V.,
Demey, B., & Brochot, E. (2024).
Neutralizing Antibodies Targeting BK
Polyomavirus: Clinical Importance and
Therapeutic Potential for Kidney Transplant
Recipients.

Journal of the American Society of
Nephrology, 10.1681.

http://dx.doi.org/10.1681/ASN.000000000000045
i

19.

Jamshidi, S. T., Sajjadian, K., Emadzadeh, M.,
Afsharian, M. S., Kalantari, M. R., Alenabi,
A., Zeraati, A. A., & Emadzadeh, A. (2021).
Polyomavirus Associated Nephropathy:
Frequency and Graft Survival Analysis in
Northeast of Iran.

Iranian Journal of Pathology,
16(2), 215.

http://dx.doi.org/10.30699/ijp.2021.128489.2403

20.

Kant, S., Dasgupta, A., Bagnasco, S., &
Brennan, D. C. (2022). BK Virus
Nephropathy in Kidney
Transplantation: A State-of-the-Art
Review.

Viruses, 14(8), 1616.

http://dx.doi.org/10.3390/v14081616

21.

Kotla, S. K., Kadambi, P. V., Hendricks, A. R.,
& Rojas, R. (2021). BK polyomavirus—
pathogen, paradigm and puzzle.

Nephrology Dialysis
Transplantation, 36(4), 587-593.

http://dx.doi.org/10.1093/ndt/gfz273

22.

Komorniczak, M., Krol, E., Lizakowski, S., &
Debska-Slizien, A. (2022). Screening for

Transplantation Proceedings.

http://dx.doi.org/10.1016/j.transproceed.2022.02.0
39



http://dx.doi.org/10.1681/ASN.0000000000000457
http://dx.doi.org/10.1681/ASN.0000000000000457
http://dx.doi.org/10.1681/ASN.0000000000000457
http://dx.doi.org/10.1681/ASN.0000000000000457
http://dx.doi.org/10.30699/ijp.2021.128489.2403
http://dx.doi.org/10.3390/v14081616
http://dx.doi.org/10.1093/ndt/gfz273
http://dx.doi.org/10.1016/j.transproceed.2022.02.039
http://dx.doi.org/10.1016/j.transproceed.2022.02.039

Polyomavirus Viruria Like Early Detection of
Human Polyomavirus Infection and
Replication: The Results of a Single-Center
Observation. (Ed.),"(Eds.).

23. | Lorant, C., Westman, G., Bergqvist, A., von Annals of Transplantation, 27, http://dx.doi.org/10.12659/A0T.934738
Zur-Miihlen, B., & Eriksson, B.-M. (2022). €934738-934731.
Risk Factors for Developing BK Virus-
Associated Nephropathy: A single-center
retrospective cohort study of kidney transplant
recipients.
24. | Malekshahi, S. S., Soleimanjahi, H., Intervirology, 64(1), 27-35. -
Dorostkar, F., Salimi, V., & Farahmand, M.
(2021). Survey of BK Virus in Renal
Transplant Recipients in Iran: A Systematic
Review and Meta-Analysis.
25. | McGann, K., DeWolfe, D., Jacobs, M., Experimental and Clinical http://dx.doi.org/10.6002/ect.2019.0295
Wojciechowski, D., Pavlakis, M., & Tan, C. S. | Transplantation. Official Journal of
(2019). Comparing Urine and Blood the Middle East Society for Organ
Screening Methods to Detect BK Virus After | Transplantation, 19(2), 104-109.
Renal Transplant.
26. | Moens, U., Calvignac-Spencer, S., Lauber, C., | Journal of General Virology, 98(6), | http://dx.doi.org/10.1099/1gv.0.000839
Ramgqpvist, T., Feltkamp, M. C., Daugherty, M. | 1159-1160.
D., Verschoor, E. J., Ehlers, B., & Consortium,
I. R. (2017).
27. | Mohammad, T. S., & Dawood, D. S. (2016). Iraqi National Journal of Nursing | http://dx.doi.org/10.58897/injns.v29i2.259
Detection of polyomavirus BK and JC in Specialties, 29(2).
kidney transplant recipients.
28. | Moura, E. B., Petzhold, S. V., Amaral, A. R., Anais da Academia Brasileira de http://dx.doi.org/10.1590/0001-

Deboni, L. M., & Franca, P. H. D. (2017).
Evaluation of the predisposition and clinical

Ciéncias, 89, 675-684.

3765201720160470



http://dx.doi.org/10.12659/AOT.934738
http://dx.doi.org/10.6002/ect.2019.0295
http://dx.doi.org/10.1099/jgv.0.000839
http://dx.doi.org/10.58897/injns.v29i2.259
http://dx.doi.org/10.1590/0001-3765201720160470
http://dx.doi.org/10.1590/0001-3765201720160470

impact of BK virus replication in kidney
transplant patients.

29. | Myint, T. M., Chong, C. H., Wyld, M., Transplantation, 106(1), €76-¢89. http://dx.doi.org/10.1097/TP.0000000000003801
Nankivell, B., Kable, K., & Wong, G. (2022).
Polyoma BK virus in kidney transplant
recipients: screening, monitoring, and
management.
30. | Pezeshgi, A., Ghods, A., Keivani, H., Asgari, | International journal of organ -
M., & Shatty, M. (2012). Incidence of BK transplantation medicine,
virus nephropathy (BKVN) in renal transplant 3(3), 115.
recipients.
31. | Pieloch, D. (2020). Kidney Transplantation. Nutrition in Kidney Disease, 325- http://dx.doi.org/10.1007/978-3-030-44858-5 18
344.
32. | Prezioso, C., & Pietropaolo, V. (2021). BK Virus and Transplantation (Vol. | -
13, pp. 733). MDPL.
33. | Pullerits, K., Garland, S., Rengarajan, S., Viruses, 14(11), 2406. http://dx.doi.org/10.3390/v14112406
Guiver, M., Chinnadurai, R., Middleton, R. J.,
Chukwu, C. A., & Kalra, P. A. (2022). Kidney
Transplant-Associated Viral Infection Rates
and Outcomes in a Single-Centre Cohort.
34. | Qeska, D., Wong, R. B. K., Famure, O., L1, Y., | Transplant Infectious Disease, http://dx.doi.org/10.1111/tid.13915
Pang, H., Liang, X. Y., Zhu, M. P, Husain, S., 24(6), e13915.
& Kim, S. J. (2022). Incidence, risk factors,
outcomes, and clinical management of BK
viremia in the modern era of kidney
transplantation.
35. | Randhawa, P. (2018). Clinical correlates of Kidney International, 94(5), 1024. | http://dx.doi.org/10.1016/1.kint.2018.07.013
glomerular infection by polyomavirus BK
36. | Santoveia, A. Z., Meseguer, C. G., Megjia, S. Transplantation Proceedings. http://dx.doi.org/10.1016/j.transproceed.2014.11.0

M., Melgar, A. A., Camblor, C. F., Hijosa, M.

20



http://dx.doi.org/10.1097/TP.0000000000003801
http://dx.doi.org/10.1007/978-3-030-44858-5_18
http://dx.doi.org/10.3390/v14112406
http://dx.doi.org/10.1111/tid.13915
http://dx.doi.org/10.1016/j.kint.2018.07.013
http://dx.doi.org/10.1016/j.transproceed.2014.11.020
http://dx.doi.org/10.1016/j.transproceed.2014.11.020

M., Carrion, A. P., & Roman, L. E. (2015).
BK virus infection in pediatric renal
transplantation. (Ed.),"(Eds.).

37. | Sawinski, D., & Goral, S. (2015). BK virus Nephrology Dialysis http://dx.doi.org/10.1093/ndt/gfu023
infection: an update on diagnosis and Transplantation, 30(2), 209-
treatment. 217.
38. | Schwarz, A., Gwinner, W., Hiss, M., American journal of http://dx.doi.org/10.1111/5.1600-
Radermacher, J., Mengel, M., & Haller, H. transplantation, 5(8), 1992- | 6143.2005.00988.x
(2005). Safety and adequacy of renal 1996.
transplant protocol biopsies.
39. | Shanmugham, S., Bhadauria, D., Agrawal, V., | Transplant Immunology, 101581. http://dx.doi.org/10.1016/j.trim.2022.101581
Jain, M., Yaccha, M., Kaul, A., Vamsidhar, V.,
Meyappan, J., & Prasad, N. (2022). The
diagnostic and therapeutic dilemma of the co-
existence of BK virus nephropathy with acute
rejection-an experience from a single Centre
and review of the literature.
40. | Sharma, S. G., Nickeleit, V., Herlitz, L. C., de Nephrology Dialysis http://dx.doi.org/10.1093/ndt/gfs537

Gonzalez, A. K., Stokes, M. B., Singh, H. K.,
Markowitz, G. S., & D'Agati, V. D. (2013).
BK polyoma virus nephropathy in the native
kidney.

Transplantation, 28(3), 620-631.



http://dx.doi.org/10.1093/ndt/gfu023
http://dx.doi.org/10.1111/j.1600-6143.2005.00988.x
http://dx.doi.org/10.1111/j.1600-6143.2005.00988.x
http://dx.doi.org/10.1016/j.trim.2022.101581
http://dx.doi.org/10.1093/ndt/gfs537

