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Abstract. Polyomavirus-associated nephropathy (PVAN) is one of the most serious infectious complications in allograft
recipients, with the BK virus (BKV) being the primary etiologic agent. This study was conducted to investigate the efficacy
of valacyclovir on BK virus (BKV) infection and viremia control in infected patients in Iran. This quasi-experimental
study involved 21 Iranian patients. All kidney transplant recipients with a confirmed diagnosis of BKV infection based
on renal biopsy and PCR were administered standard therapy (reduced doses of immunosuppressive drugs) with or without
valacyclovir at a one-gram dose twice daily for one month. After collecting the data, the data was analyzed using SPSS 23.
The K-S test confirmed the normality of the quantitative data. Chi-square for trend, independent-t, and Fisher’s exact
tests were used to examine group homogeneity in terms of socio-demographic characteristics. Before the intervention,
a t-test was used to compare mean scores among the groups; and repeated measures independent sample test, pair sample
test, chi square test and ANOVA. The significance level of p < 0.05 was considered for all tests. The mean creatinine level,
mean GFR (Glomerular Filtration Rate) level, and median viral load in the serum were not significantly different between
the two groups at the time of graft rejection diagnosis. One month after treatment, the serum viral load decreased in 90.9%
of patients in the intervention group and 50% of patients in the control group, with the difference being statistically
significant (p = 0.038). Also, in the two-month review, the results showed that the reduction of the virus serum load level
was observed in 81.8% of patients in the intervention group and 40% of patients in the control group, and this difference
was statistically significant (p = 0.049). Mean age, body mass index, and transplant duration were comparable between
the two groups. Neither creatinine nor GFR levels differed significantly between the two groups after the intervention
(p = 0.557 and p = 0.387). Valacyclovir can effectively reduce the serum viral load in BKV-infected kidney transplant
recipients. This reduction, however, is not accompanied by an improvement in renal function or prevention of rejection.
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aBasercsd Bupyc BK (BKV). Hactosuiee ucciaenoBanue 0b1J10 MPOBEAEHO C LIEJb0 U3yYeHUs 3(DGheKTUBHOCTH Bajia-
nukaosupa npu BKV-uHbekunu u KoHTpose BUpeMun y MHGOUIIMPOBAHHBIX ManueHToB B MpaHe. B moBeneHHOM
KBa3MIKCIIEpPUMEHTAJbHOM MCCICI0OBAHUY NPUHSIIN yyacTre 21 manueHT u3 MpaHa. Bcem penunueHTaM mo4eqHOro
TpaHCIIaHTaTa C MOATBEePXKAECHHBIM aAuardHo3om nHbexkuuu BKV Ha ocHoBe 6uoncuu nmouku u [P HazHavamach
CTaHIapTHas Tepanus (CHUXEHHBIE 1036l UMMYHOEIIPECCAHTOB) C BaJallMKJIOBUPOM B 03¢ 1 T 2 pa3a B IeHb B Te-
yeHue 1 Mecsia uim 6e3 Hero. AHAJIU3 TTOJYYeHHBIX JaHHBIX OBLI TIPOBEIEH ¢ MoMOIIbIo TporpamMMbl SPSS 23. Tect
K-S monTBepana HOpMaabHOCTH KOJTMYSCTBEHHBIX pacipeneaeHus TaHHBIX. 119 n3yuyeHnsI OMTHOPOIHOCTH TPYIIIIBI
10 COLIMAIbHO-IeMOTpadMIeCKMM XapaKTepUCTUKAM HCITOIb30BaINCh METOIBI XU-KBaaApaT IS TPeHIa, He3aBUCH-
MBI t-KpUTEepUH 1 TOUHBIH MeTon Puirepa. [lepen BMeIIaTeIbCTBOM UCITOIB30BAJICS t-TeCT IJISI CPABHEHUSI CPETHIX
0aJI0B Cpeu I'PYIII, IPOBeIeHAa TTOBTOPHAS OIIeHKA He3aBUCHMOT0 BEIOOPOYHOTO TeCTa, TAaPHOTO BEIOOPOTHOTO Te-
cTa, KpUTEepU sl XM-KBaApaT U JUCTIEPCUOHHOTO aHaiu3a. [Ijist Bcex TeCTOB ObLT YCTAHOBJIEH YPOBEHB JIOCTOBEPHOCTHU
p <0,05. CpenHuit ypoBeHb KpeaTUHUHA, CPEHUI YPOBEHB CKOPOCTH Ki1ydooukoBoit pusrpariuu (CK®) u meanan-
Hasi BUpyCHas Harpy3ka B CBIBOPOTKE CYIIIECTBEHHO He pa3nyaiuch MEXY IBYMS I'PYTIIaMy Ha MOMEHT ITOCTAHOBKH
JIMarHo3a OTTOPXXEeHUsI TpaHCcIIaHTata. Yepes MecsIl mociie JieueHUst BUpYCHasl Harpy3ka B CBIBOPOTKE CTaTUCTHYE-
CKU JIOCTOBEPHO cHU3MIach y 90,9% maleHTOB B TpyIiIe BMelIaTeabcTBa 1 'y 50% MalieHTOB B KOHTPOJIBHOM I'pyTI-
e (p = 0,038). Kpome Toro, B Xoe 1ByXMECSIUHOIO MOHUTOPMHIA TIOKAa3aHO, YTO TOCTOBEPHOE CHUXKEHUE YPOBHS
BHUPYCHOII HArpy3Ky B ChIBOPOTKE Habronanoch y 81,8% mnaiueHToB B TpyIiie BMelaTeabcTBa U 'y 40% malueHToB
B KOHTpoJbHOM rpyte (p = 0,049). CpegHuit Bo3pacT, MHICKC MacChl TeJla ¥ MTPOAOJKUTEIbHOCTD TPAHCILIAHTAllM U
OBLIM COMOCTaBUMBI MEXIY ABYMS I'pylaMu. YpoBHM KpeaTuHuHA U ypoBHU CK® He paznuyanmnch cymecTBEHHO
MEXIY IByMsI TPyIIIaMu rmocje BMemaTeabcTBa (p = 0,557 u p = 0,387). BanauukaoBup MoxeT 3(p(heKTUBHO CHUKATh
BHPYCHYIO HATPY3KY B CBIBOPOTKE ¥ PEIUITMEHTOB ITOYCUHOT0 TpaHCILIaHTaTa, WHGUIpoBaHHEIX BKV. OnHako 3T0

CHM2XKCHHNE HE COIMPOBOXAACTCA YIYUIICHUEM (I)YHK]_[I/II/I TIOYEK NJIN MPCAOTBPAIICHUECM OTTOPXKCHMU .

Karuesvie caosa: mpancnaaimayusd noO4Ku, NOAUOMABUPYCHAA UH¢€I€L{L{£, eailayuxkioeup.

Introduction

BK polyomavirus is a circular, double-stranded
DNA virus from the polyomavirus family. Based
on DNA sequence variations, BK polyomavirus can
be divided into six subtypes or genotypes. Genotype |
is the most frequent worldwide (80%), followed by
Genotype 1V (15%). BK polyomavirus is ubiquitous
in the population, with > 80% of adults being sero-
positive, with infection typically being acquired dur-
ing childhood [1].

Polyomavirus-associated nephropathy (PVAN)
is one of the most serious infectious complications
in allograft recipients, with the BK virus (BKV) be-
ing the primary etiologic agent. It is characterized by
cytopathic changes in epithelial and glomerular cells
in the transplanted kidney [1, 8, 12, 15, 24, 25, 28, 32].
Approximately 30—50% of transplant recipients de-
velop BKV nephropathy due to the reactivation of la-
tent polyomaviruses in the urinary tract [14, 15, 28].

The common characteristics of early events in the
pathogenesis of BKV nephropathy and the severe
clinical overlap necessitate preventive treatment
strategies to impede disease progression and obvious
renal damage, even before the diagnosis is confirmed
by biopsy. Validated protocols for patient screening
and preventive therapies are now included in the re-
commendations for graft management following re-
nal transplantation [4, 11, 13, 15, 19, 26, 36, 37].

There are too many clinical indications for renal
biopsy leading to a histological diagnosis of definitive
PVAN, which are contingent on the standard of each
medical facility, the set of treatment measures, and
the availability of resources. Some kidney transplant

facilities typically perform a biopsy on patients with
viremia or possible PVAN to ensure the diagnosis
of PVAN. Additionally, renal biopsy allows for the de-
termination of the severity of acute and chronic kid-
ney tissue damage, as well as the evaluation of other
kidney diseases that may affect allograft functional-
ity and patient management [13, 15, 27].

The biopsy is especially important when we con-
sider that quantitative PCR tests are not standard
for evaluating BK viremia and that BK viremia ti-
ters only predict the degree of viral kidney damage
in a limited way and thus cannot provide diagnostic
certainty [2, 21, 24, 28, 39].

In the vast majority of cases, kidney allograft bi-
opsies are performed to diagnose unexplained and
unspecified clinical disorders in the functioning
of transplanted kidneys, which can be caused by un-
derlying BK nephropathy. Definitive PVAN may also
be found unexpectedly in surveillance biopsies of pa-
tients with stable grafts [5, 24, 35].

Indeed, biopsies of kidney allografts are per-
formed under various clinical conditions and for va-
rious indications, during which morphological evi-
dence of PVAN may be observed. In developed coun-
tries, the incidence of biopsy-proven PVAN ranges
between 5% and 6%, although its prevalence varies
considerably between institutions [2, 39].

The highest rate of definitive PVAN is observed
in kidney transplants with ABO-incompatible do-
nors and recipients (18%) and after desensitization
in highly sensitized allograft recipients (20%) |9,
39]. The Renal Pathology Society, the Banff
Working Group on Liver Allograft Pathology, and
the Nephrology Working Group of the European
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Society of Pathology have proposed a standard ap-
proach to classifying this disorder, which has been
supported and validated by studies [29].

Approaches such as reducing the dose of suppres-
sive drugs to the use of antiviral treatments based
on the severity of viremia and the occurrence of evi-
dence of nephropathy have been introduced [40].
Brincidofovir is a prodrug of cidofovir that has been
used so far, although limited results of its success rate
have been reported [30]. IVIG products containing
high titers of BK virus-neutralizing antibodies have
been used as adjuvant therapy and increase the virus
clearance rate from serum [22, 41].

So far, there is no consensus regarding the de-
finitive treatment of BK virus nephropathy in kidney
transplant patients, and this research was conducted
for the first time to investigate the effect of valacyclo-
viron treating BKV infection and controlling viremia
in infected patients.

Materials and methods

This quasi-experimental study evaluated 21 pa-
tients with a confirmed BKYV infection (PCR test
results) who were referred to Hospitals in Iran.
The sample size was calculated using the formula
for a quasi-experimental survey [21].

In this study, random allocation was not used.
With a margin of error = 0.05 and = 10%, an expect-
ed power of 90%, a Z value of 1.28. The participants
were 21 Iranian patients.

n= (Zlfa/z + 217[3)2 (df + d%)
(l»ll - !»lz)2

Evidence of BKV nephropathy and BKV viremia
constituted the inclusion criteria, while exclusion
criteria comprised lack of consent, a history of hy-
persensitivity reactions to valacyclovir, and the inci-
dence of complications upon valacyclovir therapy.

Ethical approval. Ethical approval in this study, all
procedures performed on human samples were con-
ducted following the relevant guidelines and regula-
tions of the Helsinki Declaration. The study protocol
was approved by the Research Ethics Committee (IR.
MUMS.MEDICAL.REC.1399.031) in Mashhad
Iran.

Study groups. In addition to intravenous immu-
noglobulin (IVIG), patients received standard trans-
plant drug dose reduction and modification in case
required. The control group received the standard
routine treatment, while the intervention group re-
ceived one gram of valacyclovir (Abidi Company)
twice daily in addition to the standard treatment.
The drug dosage was modified according to crea-
tinine clearance. PCR was reiterated one and two
months after treatment initiation to assess and com-
pare viremia levels between groups. Uniplex Real-
time PCR on 21 virus DNA samples extracted from
plasma based on the ISEX version of the kits JC Virus

PCR and BK Virus PCR related Videnska, Czech
Republic (GeneProof) was performed.

There were not any adverse effects of Valacyclovir
noticed during treatment. A decrease in viral load
was defined as a decline in the serum level of the
viral genome after treatment relative to the baseline
value at the time of diagnosis. Based on the objec-
tives of the research project, the researcher designed
a checklist that included gender, age, height, weight,
body mass index (BMI), cause of renal failure, du-
ration of transplant, coinfection with CMYV, poly-
omavirus PCR result (before treatment, one month
after treatment, and two months after treatment).
All kidney transplant patients were infected with
BKYV PCR (BKYV or kidney biopsy proven at the time
of study with interstitial fibrosis and tubular atrophy
(IFTA < 20). Serum creatinine level prior to and
two months after treatment, GFR prior to and two
months after treatment, and the study group.

Data analyses. After collecting the data, the data
was analyzed using SPSS 23. The K-S test confirmed
the normality of the quantitative data. Chi-square
for trend, independent-t, and Fisher’s exact tests
were used to examine group homogeneity in terms
of socio-demographic characteristics. Before the in-
tervention, a t-test was used to compare mean scores
among the groups; and repeated measures independ-
ent sample test, pair sample test,chi square test and
ANOVA. The significance level of p < 0.05 was con-
sidered for all tests.

Results

A total of 21 patients were examined, 11 patients
were included in the intervention group and 10 pa-
tients were included in the control group. The aver-
age age in intervention group patients was 39+10.4
years and in control group patients was 32+8.2 years,
the observed difference was not significant (p = 0.104).
The average height in the intervention and control
groups was 164.5£7.9 and 166.917.5 cm, respectively,
and the average weight in the intervention and con-
trol groups was 63%+15.5 and 66+10.2 kg, respectively.
None of the observed differences were significant
(p = 0.496 and 0.612, respectively). The average body
mass index in the intervention group was 24.1+6.7 kg/
m? and in the control group it was 24.7£3.1 kg/m?, so
there was no significant difference between the two
groups (p = 0.804). Mean age, height, BMI, and
weight did not differ significantly between the control
and intervention groups before of intervention, as dis-
played in Table 1 (p > 0.05). In both groups, the me-
dian transplant duration was 12 months.

According to the results of Table 2, the only symp-
tom that led to the diagnosis of transplant rejection
in both groups was an increase in serum creatinine
levels (p < 0.05). Besides, this study did not detect
CMYV coinfection in any of the examined patients
in both groups (p > 0.05).
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Table 1. Characteristics of the participants in the study according to the studied groups before

of intervention

Parameter Intervention Group Mean+SD | Control Group Mean+SD P-value
Age (years) 39+10.4 32+8.2 p=0.104*
Height (cm) 164.5+7.9 166.9+7.5 p =0.496*
Weight (kg) 63£15.5 66+10.2 p=0.612*
Body mass index (kg/m?) 24.1+6.7 24.7+3.1 p =0.804*
Transplant time (month) 12 12 p=0.918"*

Note. The independent t-test result.

The only symptom that led to the diagnosis
of transplant rejection in the patients of both groups
was the increase in serum creatinine. The result of this
investigation showed that the simultaneous infection
with CMV was not observed in any of the examined pa-
tients. Also, when transplant rejection was diagnosed,
there was no significant difference between the two
groups in the average level of creatinine, average level
of GFR and average level of viral load in serum.

The mean creatinine level, mean GFR level, and
median viral load in the serum were not significantly
different between the two groups at the time of graft
rejection diagnosis. One month after treatment,
the serum viral load decreased in 90.9% of patients
in the intervention group and 50% of patients in the
control group, with the difference being statistically
significant (p = 0.038). In addition, the two-month
assessment revealed that 81.8% of patients in the in-
tervention group and 40% in the control group expe-
rienced a reduction in serum viral load, which is sta-
tistically significant (p = 0.049). Creatinine and GFR
levels did not differ significantly (p = 0.577 and p =
0.387) between the two groups at the post-interven-
tion examination (Table 3).

Discussion

According to the findings of this study, a signifi-
cant decline in serum viral load was observed one
month after treatment with valacyclovir along with
routine treatments (90.9% in the intervention group
and 50% in the control group) (p = 0.038). Two months

after the intervention, too, there was a significant re-
duction in serum viral load in the intervention group
relative to the control group (81.8% in the intervention
group and 40% in the control group) (p = 0.049).

According to the study findings, the administra-
tion of valacyclovir in BKV-infected kidney trans-
plant recipients can reduce the serum viral load. There
is currently no consensus on the definitive treatment
for BKV nephropathy in kidney transplant recipients.
Approaches ranging from lowering the dose of sup-
pressive drugs to using antiviral treatments have been
utilized based on the severity of viremia and evidence
of nephropathy [39].

Ifthe number of BKV serum copies is below 10 000,
a dose reduction of immunosuppressive drugs will suf-
fice. If there are more than 10 000 copies, a common
first step is reducing the calcineurin inhibitor dose by
25 to 50 percent. Changing prescription drugs such
as tacrolimus to cyclosporine A has been associated
with improved outcomes [7], although using this strat-
egy increases the likelihood of acute transplant rejec-
tion [10]. If the number of virus copies in the serum
remains elevated despite these interventions, the dose
of mycophenolate mofetil should be reduced by 50 per-
cent, or the drug should be discontinued and replaced
with mTOR inhibitors [3, 6]. Changing the treatment
from mycophenolate mofetil to leflunomide is an ad-
ditional strategy with typically positive outcomes [15,
16, 42]. If the treatments above fail or in cases of resist-
ance, cidofovir is the only treatment option, although
its nephrotoxicity limits its administration [17, 18,
20]. Brincidofovir is a prodrug of cidofovir that has

Table 2. Comparison of gender and etiology of kidney failure per study group before of intervention

oot )| ComaLgrouEreaensy | paie

Male 5 (45.5) 3(30) .
Gender Female 6(54.5) 7(70) p=0.659

FSGS 1(9.1) 0)o0

Nephrotic syndromes 2(18.2) 6 (60)

DM 2(18.2) 6 (60)
Etiology of kidney | Hypertension 2(18.2) 1(10) 0% =0.210
failure PKD 1(9.) 00 '

Preeclampsia 1(9.1) (0)0

Pyelonephritis 2(18.2) 1(10)

Reflux nephropathy 0(0) 2 (20)

Note. DM: diabetes mellitus, FSGS: Focal segmental glomerulosclerosis, D: Polycystic kidney disease. *Chi square; **One-way Anova.
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Table 3. Comparing the frequency distribution of reductions in the serum viral load levels in the study groups

. " Intervention Group Frequency | Control Group Frequency ;
Variables (Qualitative) (percentage) (percentage) P-value
No 1(9.1) 5 (50)
th after treat =0. *
One month after treatment Yes 10(9.90) 5(50) p=0.038
N 2(18.2
Two months after treatment Y:s 9 E 8?. 8; 2 Eig; p =0.049*
Creatinine level 2.2 2.2 3.2
GFR level 29.5 29.5 24.4
Serum viral load after one month 130000 130000 1796 125
Serum viral load after two months 4900 4900 935875
. . Intervention Group Control Group
Variables (Quantitative) (Meanzstandard deviation) (Meanzxstandard deviation) P-value
Creatinine level 21+0.7 1.9+£0.5 p=0.437"**
GFR level 35+3.11 42.8+171 p=0.231**
Serum viral load 479 500 194 675 p=0.512**

Note. *Based on the result of Fisher’s exact test; **based on the result of the Mann-Whitney test; ***based on the independent t-test result.

been used thus far, although there are only a few re-
ports of its success rate [30]. In Reischig, Tomas study
Valganciclovir shows no superior efficacy in cytomeg-
alovirus DNAemia prevention compared with valacy-
clovir prophylaxis. However, the risk of biopsy-proven
acute rejection is higher with valacyclovir [34].

IVIG products with high BKV neutralizing anti-
body titers are used as an adjuvant to accelerate virus
clearance from [22, 33, 38, 41].

There is no independent evidence regarding
the role of valacyclovir in BK nephropathy and viral
viremia in transplant patients. Park et al. (2020) [31]
investigated the effect of prophylactic valacyclovir
administration on the incidence of cytomegalovirus
infection in patients undergoing kidney transplanta-
tion. In this study, this disorder was diagnosed in 1
out of 46 patients in the combined treatment group
and 3 out of 107 patients in the single drug treatment
group; however, the observed difference was not sta-
tistically significant. Valacyclovir prophylaxis effec-
tively decreased the occurrence of CMYV infection
in KTRs in their study. Therefore, they should use
valacyclovir prophylaxis for 3 months in KTRs with
risk factors such as old age, thymoglobulin induction,
and delayed graft function.

As a strength, this controlled study was conducted
with two groups that were similar in basic informa-
tion and included all new patients with transplant re-
jection, thereby eliminating selection bias.

References

Limitation

The primary limitation of this study is the small
sample size, which restricts the generalizability of its
findings. Also, non-random sampling and the two-
month follow-up, particularly in the absence of im-
provement in kidney function, limits the interpreta-
tion of the findings regarding the efficacy of this drug
on transplantation’s ultimate outcome (as the main
goal of treating BKV infection).

Conclusion

Based on the findings of this study, in kidney
transplant recipients with BKV infection, using vala-
cyclovir can lower the amount of virus in the blood.
However, this treatment is neither lead to better kid-
ney function nor prevent rejection of the transplanted
kidney based on the results of this study. It is suggest-
ed that future research be conducted as multicenter
clinical trials with large sample sizes, longer follow-
ups, and determination of the graft’s outcome.
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