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ABSTRACT

Background and objectives: BK virus (BKV) reactivation is a major challenge for renal
transplant recipients. The purpose of this study was to summarize current knowledge on the
status of BKV in Iranian renal transplant recipients.

Methods: Specific terms, including “BKV” and “Renal Transplantation” were used to search the
online databases. 12 and Cochran’s Q-value were tested for heterogeneity. The incidence rate was
determined at 95% confidence interval. Publication bias was also investigated using funnel plot,
the Egger’s and Begg’s statics.

Results: Twelve studies were included in the study. The random model's overall evidence rate
was 0.347 (CI 95%, 0.225-0.493, p-value=0.04).

Conclusions: In Iran, the estimated prevalence of BKV among renal transplant recipients is
34.7% (~10-60%), which is higher than the rate reported from other parts of the world.
Therefore, it is recommended to screen organ donors for BKV in Iran.
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INTRODUCTION

Kidney transplantation is the last-line
treatment for end-stage renal disease
(ESRD). In this regard, there are major
concerns regarding graft rejection due to
immunity and a variety of viral infections.
BK virus (BKV), a member of the
Polyomaviridae family, is involved in the
rejection of renal transplants. It is known
that > 60% of healthy adults are seropositive
to Polyomaviridae that may become active
under immunosuppression (1). Reactivation
of polyomaviruses in renal and bone marrow
transplant recipients is related to the use of
immunosuppressive drugs and
immunodeficiency (2,3). Therefore, it is
important to examine the prevalence of
these viruses in transplant recipients in order
to assess the impact of the virus on graft
rejection (4).

BKV is a human polyomavirus that was
first isolated from the wurine of an
immunocompromised  renal  transplant
patient in 1971 (5). Primary respiratory tract
infection contributes to asymptomatic latent
BKYV infection, which results in a high rate
of seropositivity in humans (6). The use of
immunosuppressive drugs in transplant
recipients increases the risk of BKV
infection (7-10). BKV may be reactivated
following renal transplantation, leading to
nephropathy accompanied with renal graft
rejection. BKV may be transmitted via
respiratory and oral routes, and has 82%
seroprevalence in adults (6). In a previous
research in Iran, BKV was detected in
13.1% of biopsy samples from renal
transplant patients (11). Samarbasf-Zadeh et
al. demonstrated a 3-fold increase in BKV
reactivation within four months of renal
transplantation (12). BKV strains have also
been reported to be associated with BK
viruria in liver transplant recipients (13).

BKV s classified into four serotypes (I-
IV). Within the world's population, serotype
I is the most common (80%), followed by
serotype IV (15%) (6). In a small
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population sample, Motazakker et al. have

shown that BKV serotype | is prevalent in
Iranian-Turkish renal transplant recipients
(14). In a relatively larger study in Iran,
BKV serotype | (94.11%) was found to be
predominant serotype compared to serotype
IV (5.89%) (15).

Given the clinical significance of BKV
examination of renal transplant recipients,
particularly immunocompromised patients,
this systematic review and meta-analysis
was performed to summarize the latest
knowledge on BKV incidence in Iranian
renal transplant recipients.

MATERIALS AND METHODS

Search strategy

We performed this systematic review and
meta-analysis according to the Meta-
Analysis of Observational Studies in
Epidemiology consensus statement and
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).
PubMed, Google Scholar and Iranian
medical repositories have been screened for
reports on BKV prevalence in Iran. For
PubMed, the following keywords were used:
"BK virus" OR "BKV" in title AND "renal
transplantation™ OR "kidney transplantation”
in title/abstract, AND "lran" in affiliation.
The  findings  were  filtered into
"Epidemiology”. Last adjustment was
rendered by the transfer of data on the
human subject/species. For Google Scholar,
the exact phrase "BK virus" And "BKV"
plus "Iran" plus "renal transplantation” OR
"kidney transplantation” were searched. All
data published until the end of 2018 were
included in the study.

Inclusion and exclusion criteria

Abstract/full manuscripts in English or
Persian  were included. Accordingly,
researches describing BKV experiments in
countries other than Iran were excluded. In
addition, review papers were not included in
the analysis. Studies on BKV incidence in
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immunocompromised patients, rather than
renal transplant recipients, were also
excluded. Grey studies or unpublished
papers were included. There was only one
report from our department that has not yet
been published.

Study screening and data extraction

After retrieval, the abstracts of each study
were screened and checked for eligibility.
Then full-texts were read by two
researchers. Any disagreement between the
two researchers was resolved through
discussion with a third researcher. Data
regarding names of authors, year of
publication, number of patients and control
subjects, gender, mean age, sample size and
BKYV detection method(s) in both case (renal
transplant recipients) and/or control (healthy
volunteers) groups were collected.

Data analysis

Meta-analysis was conducted using the
Comprehensive Meta-Analysis Software V2
(16). Study type was specified as "Estimate
of means, proportions of rates in one
category at a time-point”. Effect size data
entry was set as two dichotomous formats,
representing non-events and sample sizes in
each group. This helped determine the
incidence rate of BKV among renal
transplant recipients. 12 and Cochran’s Q-

value were used for heterogeneity. 12 value
of more than 25% indicated heterogeneity.
The incidence rate was evaluated at 95%
confidence interval (CI). Publication bias
was also double-checked by funnel plot and
Egger's and Begg's methods. A p-value of
less than 0.05 was considered as statistically
significant.

RESULTS

Literature review and data extraction
Overall, 12 studies as well as a study
performed in our department were eligible
for inclusion in the analysis. Data were
collected for BKV detection in different
types of samples. In this respect, the
research was extended to 15 studies (Figure
1). For example, results from two urine and
plasma samples were obtained in one study
and analyzed separately (12). Similar data
were collected from two additional studies
performed by Shenagari et al. (urine and
plasma) and Pakfetrat et al. (plasma and
biopsy) (17,18). More data were collected
for the study of subgroups. As a result, four
groups of BKV detection were derived from
the included experiments, including real-
time PCR (7/15), PCR (5/15), double PCR
and semi-nested PCR (2/15), and light
microscopy (1/15)
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Figure 1 PRISMA of database search and number of included studies.

Meta-analysis report and statistics

Heterogeneity was found in the studies (Q = 293.737, df(14), 12 = 95.234, tau-squared=1.295,
p-value = 0.0001). This was further investigated using a randomized model (Figure 2). As
shown, the prevalence of BKV was higher in the Pakfetrat et al. study with a sample size of 82
cases (0.89 CI 95%, 0.8-0.94). The lowest rate was found in the Jozpanahi et al. study (9.8E-3 ClI
95%, 6.11E-4-0.138) with 50 subjects. The overall incidence rate of BKV in the random model
was 0.347 (Cl 95%, 0.225-0.493, p-value = 0.04).

Studies

;;;;;;;;

Figure 2 Forest plot reveals the frequency of BKV prevalence among renal transplant recipients.
Data are not gathered and dispersed around the plot, which suggests that there are heterogeneities
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in the studies.

As shown in the funnel plot (Figure 3), the data is well distributed in a low standard error axis.
Furthermore Begg's and Egger's regression results were not significant (3.93, df(13), p > 0.05).

Funnel Plot of Standard Error by Logit event rate
0.0

0.5

Standard Error

20

Logit event rate

Figure 3 Funnel plot of standard error by logit event rate.

Sub-group analysis

In order to find heterogeneity in the studies, we looked deeply into the methodological analysis
in the patient group (Table 1 and Figure 4). Data included heterogeneity within all forms of
methodologies. Whereas, heterogeneity in the double PCR group was slightly low.
The total random incidence rate for the double PCR method was 0.287 (6.96E-2-0.685, p-value >
0.05). The overall evidence rate for light microscopy was 0.131 (0.014-0.618, p-value > 0.05). In
comparison, the random event rates for PCR and real-time PCR subgroups were 0.287 (0.121-
0.54, p-value > 0.05) and 0.465 (0.252-0.692, p-value > 0.05), respectively. Two real-time PCR
studies showed higher evidence rates (0.84 and 0.89) within the random model. The mean
standard error for the subgroup analysis was 0.1 + 0.044 (0.052-0.18).
Analysis of comparison variable within study
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Table 1. Random model for different sub-groups within study analysis.

55

Groups No. Studies | Event rate (lower-upper limit) | Q-value (df) I-squared p-Value
Double PCR 2 0.287 (0.07-0.685) 5.892 (1) 83.027 0.015
Light microscopy 1 0.131 (0.014-0.618) 0(0) 0 1.0
PCR 5 0.287 (0.121-0.539) 96.259 (4) 95.845 0
Real-time PCR 7 0.465 (0.252-0.692) 126.826 (6) 95.269 0
Grand Total 15 0.327 (0.176-0.526) 0.087
Studies Event rate
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Sﬂl;{lfhﬂ\f Zadeh et al (urine) 2009
0.384615385
Samarbasf Zadeh et al (plasma) 2009 ——
0.205128205
Ghafari et al 2008 e
0.13125
Motazakker et al 2012 i
1.00E-01
Kaydani et al 2015 —_—
;] 418E-01
2 2 Tajedin et al 2013 = ———
- 0.618181818
Saffaei et al 2018 e
0.153846154
Pezeshki et al 2011
0.290322581
Taheri et al 2011 o
0.466666667
Jozpanahi et al 2016 Fro—————
. 9.80E-03
= Shenagari et al (urine) 2017 —_—————i
Bk 4.91E01
8 : Shenagari et al (plasma) 2017 —_
0:2
Soleymanian et al 2014 o
0.25
Pakfetrat et al (plasma) 2015 —A
0.842592593
Pakfetrat et al (biopsy) 2015 ——e-——
0.890243902

Figure 4 Forest plot. The incident rates for each sub-group are shown. As shown, most data are
accumulated on the left side of the forest plot with an event rate of < 0.6.
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Results were further examined for heterogeneity of comparative groups. As shown in table 2,
heterogeneity was present in all groups.

The incidence rate was assessed for each sample using a random model (Figure 5). As shown,
there was one out-group in the urine random model with an occurrence rate of 0.89 (p<0.0001).
The mean standard error for the comparison group was 0.082 £ 0.039 (0.009-0.167).

Table 1 Random model for comparison of different sample types.

Groups No. Studies Event rate (upper-lower limit)  Q-value I-squared p-value
Biopsy 2 0.515 (0.154-0.86) ég%f):’)ZB (1) 98.868 0.0001
Plasma 5 0.279 (0.106-0.557) 101.557 (4)  96.061 0.0001
Urine 8 0.343 (0.179-0.556) 98.821 (7)  92.916 0.0001
Grand 15 0.344 (0.215-0.502) 0.053
Total

Kaydani et al 2015 _+———
0.009803922
Motazakker et al 2012 —_—

Samarbasf Zadeh et al (urine) 2009

0.2
Taheri et al 2011 e b g |
0.842592593
Pakfetrat et al (plasma) 2015 >
0.466666667
Soleymanian et al 2014 —_——
0.384615385
Shenagari et al (plasma) 2017 —_—
0.1
Jozpanahi et al 2016 O
0.418032787
Samarbasf Zadeh et al (plasma) 2009 1
0.490909091
—_—
0.618181818
Pakfetrat et al (biopsy) 2015 r———
0.153846154
Ghafari et al 2008
0.290322581
[ 0.1 0. 0. 0.4 0 0.6 ). 0.8 0.9 1

Figure 5 Forest plot of event rates for Comparison groups. 80% of data centered under event rate
of 0.5.
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DISCUSSION

Iran is one of the active countries in the
renal transplantation services with a large
number of successful transplants (19). The
prevalence of ESRD in Iran is 15,000 with
an annual incidence rate of 53 per one
million patients (20). Viral infections are the
main causes of graft rejection (21-23). As a
result, BKV infection and its reactivation are
major concerns in immunosuppressed renal
transplant  recipients. = BKV-associated
nephritis is a threat to the survival of renal
grafts (23). This study is the first systematic
review and meta-analysis on the prevalence
of BKV among renal transplant recipients in
Iran. A systematic review and meta-analysis
research on the prevalence of BKV in
colorectal cancer patients in Iran was
published previously (24).

In the present study, the overall apparent
BKV rate among renal transplant recipients
was more than 34%. Furthermore, a high
prevalence of BKV infection was reported in
the study of Pakfetrat et al. on plasma
(0.84+0.26) and biopsy (0.89+0.35) samples
(18). The lowest BKV prevalence
(0.0098+1.42) was reported by Jozpanahi et
al. 2016 on plasma samples. It was also
noted that real-time PCR screening
approaches had higher standard errors. This
can be due to the poor quality of RNA or the
inadequate design of primers. Comparison
of BKV detection methods in renal allograft
recipients was reviewed by Lee et al. (25).

Based on the results, 34.7% of Iranian
renal transplant recipients have had an
episode of BKV infection/reactivation. The
highest frequency of BK viremia and viruria
was observed within a few months after
transplantation (26). Unfortunately, there
was no record of sampling period in the
examined studies. In addition, there was no
specific screening protocol for BKV in
transplant patients. One of the major risk
factors for BKV infection in renal transplant
recipients is infection of organ donor (4,27).
In order to better understand BKB-
associated renal graft loss, future studies
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must provide serological data of both renal
graft donors and recipients. In addition, we
recommend that samples should also be
obtained from patients at several intervals
following renal transplantation.

After electron microscopy of urinary
Haufen inclusion  bodies,  molecular
approaches have more sensitivity and
specificity than cytology. Real-time PCR
using BK viral protein 1 (VP1) mRNA
extracted from urinary cells was identified
as a BKV-associated nephritis biomarker
(28). In addition, amplification of the viral
genome in biopsy, blood and urine using
standard PCR is the preferred screening
approach (29-32). Here, the evidence rate of
BKV Dby different methods including
double-PCR, light microscopy, PCR, and
real-time PCR has been evaluated in Iranian
studies. The evidence rate for BKV in the
Real-Time PCR group was 0.465 (0.252-
0.692) and was higher than that for PCR
(0.287 [0.121-0.539]), double PCR (0.287
[0.07-0.685]) and light microscopy (0.134
[0.014-0.618]). In a study conducted by
Pakfetrat et al., the prevalence of BKV was
found to be 11% among renal transplant
recipients using real-time PCR (18). In other
studies, the prevalence of BKV was reported
to be 15.7% among plasma samples
(47/300) (17,18,33,34). Nevertheless, the
prevalence of BKV was observed to be as
high as 48.7% (68/140) in studies performed
by Taheri et al. and Shenagari et al. on urine
sample using real-time PCR. It simply
represents an association between the form
of sample and the detection method.
Diagnosis of BKV-associated diseases is
dependent on virus detection in urine, blood
and biopsy samples (23). Renal biopsy is the
gold standard for diagnosis of BKV (35). In
the present study, frequency of BKV was
different in different types of samples. The
evidence rate of BKV in biopsy samples
(0.515 [0.154-0.86]) was shown to be higher
than in urine (0.343 [0.179-0.556]) and in
plasma (0.279 [0.106-0.557]). Therefore, the
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clinical source of the extracted viral genome
can affect the sensitivity and specificity of
the screening methods. The defined sample
types for BKV screening have been
described previously (36).

We observed heterogeneity in the studies
and subgroup studies. This implies the
involvement of other risk factors for BKYV,
including immunosuppression (36) and
immunosuppressive drugs (37), male sex,
older recipient age, rejection episodes,
degree of human leukocyte antigen
mismatching, prolonged cold ischemia, BK
sero-status and ureteral stent placement (36).
Limitations of the present study included the
low quality of reports in Iran, the lack of
sufficient patient clinical data and the
existence of out-of-group data as observed
in the Funnel plot. Such limitations may
have contributed to the design phases of the
research and experimental procedures.
Therefore, the effect of the contributing
factor(s) of patients

as a prognosis for BKV infection could not
be determined.

CONCLUSION

BKV is a common post-transplant
opportunistic viral infection affecting 15%
of renal transplant recipients in the first
post-transplant year. Unlike other parts of
the world, we found that the incidence of
BKV among Iranian renal transplant
recipients is high. Organ donors need to be
screened for BKYV infection using both
molecular and serological approaches before
transplantation. For the evaluation of BKV
activation, it is recommended to further
investigate BKV infection at certain post-
transplant intervals using biopsy samples.

ACKNOWLEDGMENTS

The authors would like to express their
sincere gratitude to Dr. Ali Rayej for his
contribution to English editing of the
manuscript. Finally, we would like to thank
the staff of the Department of Microbiology
at Golestan University of Medical Sciences
for their support.

DECLARATIONS
Funding
Not applicable.

Ethics approvals and consent to
participate
Not applicable.

Conflict of interest
The authors declare that there is no conflict
of interest.

REFERENCES

1. Behzad-Behbahani A, Klapper PE,
Vallely PJ, Cleator GM, Khoo SH. Detection
of BK virus and JC virus DNA in urine
samples from immunocompromised (HIV-
infected) and immunocompetent (HIV-non-
infected) patients using polymerase chain
reaction and microplate hybridisation. J Clin
Virol. 2004;29(4):224-9.
https://doi.org/10.1016/S1386-
6532(03)00155-0

2. Lamarche C, Orio J, Collette S, Senécal
L, Hébert MJ, Renoult E, et al. BK
Polyomavirus and the Transplanted Kidney:
Immunopathology and Therapeutic
Approaches. Vol. 100, Transplantation.
2016. p. 2276-87.
https://doi.org/10.1097/TP.00000000000013
33

3. Kwak EJ, Vilchez RA, Randhawa P,
Shapiro R, Butel JS, Kusne S. Pathogenesis
and Management of Polyomavirus Infection
in Transplant Recipients. Clin Infect Dis.
2002;35(9):1081-7.
https://doi.org/10.1086/344060

4. Cukuranovic J, Ugrenovic S, Jovanovic
I, Visnjic M, Stefanovic V. Viral infection in
renal transplant recipients. Sci World J.
2012;2012.
https://doi.org/10.1100/2012/820621

5. Gardner SD, Field AM, Coleman D V.,
Hulme B. New Human Papovavirus (B.K.)



Prevalence of BK Virus among Iranian...

Isolated From  Urine After Renal
Transplantation. Lancet.
1971;297(7712):1253-7.
https://doi.org/10.1016/S0140-
6736(71)91776-4

6. Scadden JR, Sharif A, Skordilis K,
Borrows R. Polyoma virus nephropathy in
kidney transplantation. World J Transplant.
2017;7(6):329-38.
https://doi.org/10.5500/wijt.v7.i6.329

7. Bonvoisin C, Weekers L, Xhignesse P,
Grosch S, Milicevic M, Krzesinski JM.
Polyomavirus in renal transplantation: A hot
problem. Vol. 85, Transplantation. 2008.
https://doi.org/10.1097/TP.0b013e318169c7
94

8. Marcn R. Immunosuppressive drugs in
kidney transplantation: Impact on patient
survival, and incidence of cardiovascular
disease, malignancy and infection. Vol. 69,
Drugs. 2009. p. 2227-43.
https://doi.org/10.2165/11319260-
000000000-00000

9. Barraclough KA, Isbel NM, Staatz CE,
Johnson DW. BK Virus in Kidney
Transplant Recipients: The Influence of
Immunosuppression. J Transplant.
2011;2011:1-9.
https://doi.org/10.1155/2011/750836

10. Kim HC, Hwang EA, Kang MJ, Han
SY, Park SB, Park KK. BK virus infection in
kidney transplant recipients. In:
Transplantation Proceedings. 2004. p. 2113-
5.
https://doi.org/10.1016/j.transproceed.2004.
08.007

11. Ghafari A, Lessan-Pezeshki M,
Taghizadieh M, Rahimi E. BK Polyoma
Virus Nephropathy Among Iranian Renal
Transplant Recipients. Transplant Proc
[Internet]. 2008 Mar  1;40(1):193-5.
Available from:
http://umj.umsu.ac.ir/article-1-359-fa.html

59

https://doi.org/10.1016/j.transproceed.2007.
12.005

12. Samarbasf-Zadeh AR, Makvandi M,
Kayedani G, Shahbazian H, Poorfarziani V,
Yaghoobi R, et al. Prevalence of BK virus in
renal allograft recipients pre and post
transplantation in Iran. Jundishapur J
Microbiol. 2009;2(2):47-52.

13. Wang RYL, Li YJ, Lee WC, Wu HH,
Lin CY, Lee CC, et al. The association
between polyomavirus BK strains and BKV
viruria in liver transplant recipients. Sci
Rep. 2016;6.
https://doi.org/10.1038/srep28491

14. Motazakker M, Bagheri M, Imani M.
Subtyping of BK Virus in Iranian Turkish
Renal Transplant Recipients by RFLP-PCR.
Maedica (Buchar) [Internet]. 2012 Jan
23;7(1):10-3. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23118
813%0Ahttp://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=PMC3484789

15. Kaydani GA, Makvandi M,
Samarbafzadeh A, Shahbazian H, Fard MH.
Prevalence and distribution of BK virus
subtypes in renal transplant recipients
referred to Golestan hospital in Ahvaz, Iran.
Jundishapur J Microbiol. 2015;8(3).
https://doi.org/10.5812/jjm.16738

16. Borenstein M, Hedges L, Higgins J,
Rothstein H. Comprehensive meta-analysis
version 2. Englewood, NJ Biostat. 2005;104.

17. Shenagari M, Monfared A, Eghtedari
H, Pourkazemi A, Hasandokht T, Khosravi
M, et al. BK virus replication in renal
transplant recipients: Analysis of potential
risk factors may contribute in reactivation. J
Clin Virol. 2017;96:7-11.
https://doi.org/10.1016/j.jcv.2017.09.004

18. Pakfetrat M, Yaghobi R, Salmanpoor Z,
Roozbeh J, Torabinezhad S, Kadkhodaei S.
Frequency of polyomavirus BK infection in



Journal of Clinical and Basic Research (JCBR). 2020; Volume 4, Number 4 60

kidney transplant patients suspected to
nephropathy. Int J Organ Transplant Med.
2015;6(2):77-84.

19. Tayebi Khosroshahi H. Short history
about renal transplantation program in Iran
and the world: Special focus on world
kidney day. J Nephropathol [Internet].
2012/04/05. 2012 Apr;1(1):5-10. Available
from:
https://www.ncbi.nlm.nih.gov/pubmed/2447
5379
https://doi.org/10.5812/jnp.2

20. Cazne RY, Loughridge LW,
MacGillivray JB, Zilva JF, Levi AJ. Renal
Transplantation in Man. Br Med J [Internet].
1963;2(5358):640-51.  Awvailable  from:
http://dx.doi.org/10.1093/ndt/17.2.222
https://doi.org/10.1093/ndt/17.2.222

21. Mirarab A, Mohebbi A, Javid N,
Moradi A, Vakili MA, Tabarraei A. Human
cytomegalovirus pUL97  drug-resistance
mutations in congenitally neonates and HIV-
infected, no-drug-treated patients. Future
Virol. 2017;12(1):13-8.
https://doi.org/10.2217/fvI-2016-0089

22. Mirarab A, Mohebbi A, Moradi A,
Javid N, Vakili MA, Tabarraei A. Frequent
pUL27 Variations in HIV-Infected Patients.
Intervirology. 2017;59(5-6):262-6.
https://doi.org/10.1159/000471484

23. Dall A, Hariharan S. BK virus nephritis
after renal transplantation. Clin J Am Soc
Nephrol. 2008;3(SUPPL. 2).
https://doi.org/10.2215/CJN.02770707

24. Shoraka HR, Aboubakri O,
Naghibzadeh-Tahami A, Mollaei HR,
Bagherinezhad Z, Afshar RM, et al.
Prevalence of JC and BK viruses in patients
with colorectal cancer: A systematic review
and meta- analysis. Vol. 21, Asian Pacific
Journal of Cancer Prevention. 2020. p.
1499-509.
https://doi.org/10.31557/APJCP.2020.21.6.1

499

25. Lee SH, Park YJ, Yang CW, Kim YS,
Moon IS, Kang CS, et al. Comparison of
detecting methods of BK virus infection in
patients with renal allograft recipients.
Korean J Pathol [Internet]. 2010;44(6):636-
41. Available from:
http://www.jpatholtm.org/journal/view.php?
number=2890
https://doi.org/10.4132/KoreanJPathol.2010.
44.6.636

26. Koukoulaki M, Grispou E, Pistolas D,
Balaska K, Apostolou T, Anagnostopoulou
M, et al. Prospective monitoring of BK virus
replication in renal transplant recipients.
Transpl Infect Dis. 2009;11(1):1-10.
https://doi.org/10.1111/j.1399-
3062.2008.00342.x

27. Saundh BK, Baker R, Harris M, Smith
MPW, Cherukuri A, Hale A. Early BK
polyomavirus (BKV) reactivation in donor
kidney is a risk factor for development of
BKV-associated nephropathy. J Infect Dis.
2013;207(1):137-41.
https://doi.org/10.1093/infdis/jis642

28. Singh HK, Andreoni KA, Madden V,
True K, Detwiler R, Week K, et al. Presence
of urinary haufen accurately predicts
polyomavirus nephropathy. J Am Soc
Nephrol. 2009;20(2):416-27.
https://doi.org/10.1681/ASN.2008010117

29. Randhawa P, Ho A, Shapiro R, Vats A,
Swalsky P, Finkelstein S, et al. Correlates of
Quantitative Measurement  of BK
Polyomavirus (BKV) DNA with Clinical
Course of BKV Infection in Renal
Transplant Patients. J Clin Microbiol.
2004;42(3):1176-80.
https://doi.org/10.1128/JCM.42.3.1176-
1180.2004

30. Viscount HB, Eid AJ, Espy MJ, Griffin
MD, Thomsen KM, Harmsen WS, et al.
Polyomavirus polymerase chain reaction as



Prevalence of BK Virus among Iranian...

a surrogate marker of polyomavirus-
associated nephropathy. Transplantation.
2007;84(3):340-5.
https://doi.org/10.1097/01.tp.0000275205.41
078.51

31. Kudose S, Dong J. Clinical validation
study of quantitative real-time PCR assay
for detection and monitoring of BK virus
nephropatny. Ann  Clin Lab  Sci.
2014;44(4):455-60.

32. Khaled AS. Polyomavirus (BK virus)
nephropathy in kidney transplant patients: A
pathologic perspective. Vol. 45, Yonsei
Medical Journal. 2004. p. 1065-75.
https://doi.org/10.3349/ymj.2004.45.6.1065

33. Jozpanahi M, Ramezani A, Ossareh S,
Banifazl M, Bavand A, Mamishi S, et al. BK
viremia among Iranian Renal transplant
candidates. Iran J Pathol. 2016;11(3):210-5.

34. Soleymanian T, Rasulzadegan MH,
Sotoodeh M, Ganji MR, Naderi G, Amin M,
et al. Low prevalence of BK virus
nephropathy on nonprotocol renal biopsies

61

in iranian kidney transplant recipients: One
center's experience and review of the
literature. Exp Clin Transplant.
2010;8(4):297-302.

35. Jamboti JS. BK virus nephropathy in
renal transplant recipients. \ol. 21,
Nephrology. 2016. p. 647-54.
https://doi.org/10.1111/nep.12728

36. Sawinski D, Goral S. BK virus
infection: An update on diagnosis and
treatment. \Vol. 30, Nephrology Dialysis
Transplantation. 2015. p. 209-17.
https://doi.org/10.1093/ndt/gfu023

37. Gard L, Van Doesum W, Niesters
HGM, Van Son WJ, Diepstra A, Stegeman
CA, et al. A delicate balance between
rejection & BK polyomavirus associated
nephropathy; A retrospective cohort study in
renal transplant recipients. PLoS One
[Internet]. 2017;12(6):1-17. Available from:
https://doi.org/10.1371/journal.pone.017880
1

https://doi.org/10.1371/journal.pone.017880
1

How to Cite: Ebrahimi M, Mohebbi A, Mostakhdem Hashemi M, Ashrafi Shahmirzadi M.
Prevalence of BK Virus among Iranian Renal Transplant Recipients: A Systematic Review and

Meta-Analysis. jcbr. 2020; 4 (4) :50-61



