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Abstract

Polyomavirus-associated nephropathy (PVVAN) 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 21lranian 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
iImmunosuppressive 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.

Keywords: Kidney transplant, polyomavirus infection, valacyclovir.



Pe3rome

Hedponatus, acconuupoBannas c¢ mnomuomaBupycoMm (I[IBAH), sBnsercs
OJIHUM M3 CaMbIX CEPbE3HBIX HHQPEKIMOHHBIX OCIOKHEHUM Yy pELUIUEHTOB
AUTOTPAHCIUIAHTATA, TPUYEM OCHOBHBIM THOJIOTUIECKUM areHTOM SIBJISIETCS] BUPYC
BK (BKV). Hacrosimee wucciaenoBanue ObLIO MPOBEACHO IS HM3YYCHHS
addexkTuBHOCTH BananukioBupa Ha BKV-uHdekiuio M KOHTPOJIb BUPEMHUHU Y

MH(UIIMPOBAHHBIX MalMeHToB B Mpane.

B noBeieHHOM KBa3uMAIKCIEPUMEHTAIBHOM MCCIEN0BAHUN IPUHAIN y4acTHE
21 mnamment w3 HMpana. Bcem penunueHTaM NOYEYHOrO TPAHCIUJIAHTATa C
NOJTBEPKAEeHHBIM nuarHo3oM unpexun BKV na ocnose 6morncun nouxu u [P
Ha3Hayajach CTaHIapTHAsl Tepanus (CHUKEHHbIE J03bl UMMYHOJEIPECCAHTOB) C
BaJIAIIMKJIOBUPOM WJIM 0€3 HEero B J103€ OJIMH IpaMM JiBa pa3a B JICHb B TEUCHHUE
onHoro Mecsua. [locne coopa qaHHBIX OHU OBUIM MPOAHATU3UPOBAHBI C MIOMOIIBIO
nporpammbl SPSS 23. Tect K-S moarBepans HOPMaJbHOCTh KOJIMYECTBEHHBIX
pacrpeneneHus NaHHbIX. /[0 M3ydeHus OJHOPOJHOCTH TPYNIBI IO COLMAIBHO-
neMorpauueckuM XapakTepUCTUKAaM HCHOJIb30BaIMCh METOIbl XHU-KBaapaT i
TpEeHJa, He3aBUCUMbIM [-kpurepun u TouHbIM MeTon Duiepa. llepen
BMEIIATEILCTBOM HCIOJIB30BAJICA t-TECT AJSl CPaBHEHMSI CPEAHMX OallIOB cpeau
Ipyni; MOBTOPHbIE HU3MEPEHUsS] HE3aBUCHUMOIO BBIOOPOYHOTO TeCTa, MApHOIO
BBIOOPOYHOI'O TE€CTA, KPUTEPUS XU-KBAAPAT U AUCIEPCUOHHOTO aHanu3a. J{s Bcex

TECTOB YPOBEHb JOCTOBEPHOCTH ObL1T ycTaHoBjeH P < 0,05,

Cpennuil ypoBeHb KpeaTuHHHa, cpeaHuili ypoBeHb CK® (ckopoctb
KITyOOYKOBOM (UIBTpallMM) U MEJIMaHHas BHUPYCHAsi Harpy3ka B CBIBOPOTKE
CYIIECTBEHHO HE OTJIMYAIUCh MEXIY JBYMs TPYIIaMH Ha MOMEHT TOCTAaHOBKH
JIMarHo3a OTTOP>KEHUs TpaHCIUIaHTata. Yepe3 Mecdll Mocie JEYECHHs BUpPYCHas
Harpy3ka B CBIBOPOTKE CTATUCTUUYECKU JOCTOBEpHO cHU3MIACh y 90,9% nanneHToB
B rpynne BmemarenbctBa Uy 50% nanueHToB B KOHTpoabHOM rpymme (p = 0,038).

KpOMe TOro, B XO0JA€ ABYXMCCAYHOIO MOHHUTOPHHIA IIOKAa3aHO, YTO JOCTOBCPHOC



CHIDKCHHE YpOBHS BUPYCHOM Harpy3ku B ChIBOpOTKe HaOmomanoch y 81,8%
NALMEHTOB B rpyIe BMemarenbeTsa Uy 40% nanueHToB B KOHTPOJIBHOM TpyIIIe
(p = 0,049). Cpennuii BO3pacT, MHACKC MAacChl Tejla W MPOJAOKUTEILHOCTD
TpaHCIUIAaHTAlMM OBLJIM  CONOCTAaBUMBI MEXIYy JABYMs TpynmamMu. YpPOBHH
KkpeaTuHuHa U ypoBHM CK® He paznuuaauch CyIIECTBEHHO MEXAY JABYMs

rpynmamu nocie smemarensctsa (P=0,557 u P=0,387).

BanamuknoBup MoxkeT 3((EKTMBHO CHHXAThb BUPYCHYIO Harpysky B
CBIBOPOTKE y PELMIUEHTOB MOYEUYHOTO TpaHCIUIaHTaTa, nHQuuupoBaHHbIX BKV.
OJHaKO 3TO CHM)KEHUE HE COINPOBOXKAACTCS YJIydlIeHUEM (YHKLUMU MOYEK WIIU

PEeI0TBPALICHUEM OTTOPKECHHUSI.

KaroueBblie ciioBa: TpaHCIUIaHTalMs TOYKH, TOJTMOMaBUPYCHasE HHPEKIINA,

BAJIALIMKJIOBUP.
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1 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 seropositive, with infection typically being acquired
during childhood[1].

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. It is characterized by cytopathic changes in epithelial and glomerular
cells in the transplanted kidney [1,8,12,15,23,24,27,31]. Approximately 30-50% of
transplant recipients develop BKV nephropathy due to the reactivation of latent

polyomaviruses in the urinary tract [14,15,27].

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 recommendations for graft management
following renal transplantation [4,11,13,15,19,25,35,36].

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
determination of the severity of acute and chronic kidney tissue damage, as well as
the evaluation of other kidney diseases that may affect allograft functionality and

patient management [13,15,26].
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The biopsy is especially important when we consider that quantitative PCR tests are
not standard for evaluating BK viremia and that BK viremia titers only predict the
degree of viral kidney damage in a limited way and thus cannot provide diagnostic
certainty [2,21,23,27,38].

In the vast majority of cases, kidney allograft biopsies are performed to diagnose
unexplained and unspecified clinical disorders in the functioning of transplanted
kidneys, which can be caused by underlying BK nephropathy. Definitive PVAN may
also be found unexpectedly in surveillance biopsies of patients with stable grafts
[5,23,34].

Indeed, biopsies of kidney allografts are performed under various clinical conditions
and for various indications, during which morphological evidence of PVAN may be
observed. In developed countries, the incidence of biopsy-proven PVAN ranges
between 5% and 6%, although its prevalence varies considerably between
institutions [2,38].

The highest rate of definitive PVAN is observed in kidney transplants with ABO-
incompatible donors and recipients (18%) and after desensitization in highly
sensitized allograft recipients (20%) [9,38].The Renal Pathology Society, the
Banff Working Group on Liver Allograft Pathology, and the Nephrology Working
Group of the European Society of Pathology have proposed a standard approach to
classifying this disorder, which has been supported and validated by studies [28].

Approaches such as reducing the dose of suppressive drugs to the use of antiviral
treatments based on the severity of viremia and the occurrence of evidence of
nephropathy have been introduced [39]. Brincidofovir is a prodrug of cidofovir that
has been used so far, although limited results of its success rate have been reported
[29]. IVIG products containing high titers of BK virus-neutralizing antibodies have
been used as adjuvant therapy and increase the virus clearance rate from serum
[22,40].
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So far, there is no consensus regarding the definitive treatment of BK virus
nephropathy in kidney transplant patients, and this research was conducted for the
first time to investigate the effect of valacyclovir on treating BKV infection and

controlling viremia in infected patients.
2 Methods

This quasi-experimental study evaluated 21 patients with a confirmed BKV
infection (PCR test results) who were referred to Hospitals in Iran. The sample size

was calculated using the formula for a quasi-experimental survey [41].

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

2 . 5.
— (Zl—a,fz + 31—,6’) (01 +03)
(U1 — 12)2

Evidence of BKV nephropathy and BKV viremia constituted the inclusion criteria,
while exclusion criteria comprised lack of consent, a history of hypersensitivity
reactions to valacyclovir, and the incidence of complications upon valacyclovir

therapy.
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Ethical Approval

Ethical approval in this study, all procedures performed on human samples were
conducted following the relevant guidelines and regulations 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 immunoglobulin (IVIG), patients received standard
transplant drug dose reduction and modification in case required. The control group
received the standard routine treatment, while the intervention group received one
gram of valacyclovir (Abidi Company) twice daily in addition to the standard
treatment. The drug dosage was modified according to creatinine clearance. PCR
was reiterated one and two months after treatment initiation to assess and
compare 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 Videniska, 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
objectives of the research project, the researcher designed a checklist that included
gender, age, height, weight, body mass index (BMI), cause of renal failure, duration
of transplant, coinfection with CMV, polyomavirus PCR result (before treatment,
one month after treatment, and two months after treatment). All kidney transplant
patients were infected with BKV 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
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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.
3 Results

A total of 21 patients were examined, 11 patients were included in the intervention
group and 10 patients were included in the control group. The average 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 166.9 £ 7.5 cm,
respectively, and the average weight in the intervention and control groups was 63
+ 155 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/m2 and in the control group it was 24.7 + 3.1
Kg/m2, 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 displayed in Table 1 (P> 0.05). In
both groups, the median transplant duration was 12 months.

According to the results of Table 2, the only symptom 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 CMV coinfection in any of the examined
patients in both groups (P> 0.05).

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
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examined patients. 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 intervention group and 40% in the
control group experienced a reduction in serum viral load, which is statistically
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-intervention examination
(Table 3).

4 Discussion

According to the findings of this study, a significant 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 reduction 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 administration of valacyclovir in BKV-infected
kidney transplant 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 suppressive drugs to using
antiviral treatments have been utilized based on the severity of viremia and evidence

of nephropathy [39].

If the number of BKV serum copies is below 10,000, a dose reduction of

immunosuppressive drugs will suffice. If there are more than 10,000 copies, a
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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 strategy increases the
likelihood of acute transplant rejection [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 percent, or the drug should be discontinued and
replaced with mTOR inhibitors [3,6] Changing the treatment from mycophenolate
mofetil to leflunomide is an additional strategy with typically positive outcomes
[15,16,42]. If the treatments above fail or in cases of resistance, cidofovir is the only
treatment option, although its nephrotoxicity limits its administration [17,18,20].
Brincidofovir is a prodrug of cidofovir that has been used thus far, although there
are only a few reports of its success rate [29].In Reischig, Tomas study
Valganciclovir shows no superior efficacy in cytomegalovirus DNAemia prevention
compared with valacyclovir prophylaxis. However, the risk of biopsy-proven acute

rejection is higher with valacyclovir[33].

IVIG products with high BKV neutralizing antibody titers are used as an adjuvant

to accelerate virus clearance from [22,32,37,40].

There is no independent evidence regarding the role of valacyclovir in BK
nephropathy and viral viremia in transplant patients. Park et al. (2020) [30]
investigated the effect of prophylactic valacyclovir administration on the incidence
of cytomegalovirus infection in patients undergoing kidney transplantation. 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 statistically significant. Valacyclovir prophylaxis
effectively decreased the occurrence of CMV 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.
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As a strength, this controlled study was conducted with two groups that were similar
in basic information and included all new patients with transplant rejection, thereby

eliminating selection bias.
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 improvement in kidney function, limits the
interpretation of the findings regarding the efficacy of this drug on transplantation’s

ultimate outcome (as the main goal of treating BKV infection).

5 Conclusion

Based on the findings of this study, in kidney transplant recipients with BKV
infection, using valacyclovir can lower the amount of virus in the blood. However,
this treatment is neither lead to better kidney function nor prevent rejection of the
transplanted kidney based on the results of this study. It is suggested 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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TABJINLbI

Table 1. Characteristics of the participants in the study according to the studied

groups before of intervention.

Intervention
Control Group
Parameter Group P-value
Mean + SD
Mean + SD
Age (years) 39+104 32+8.2 P=0.104"
Height (cm) 1645+7.9 166.9+£7.5 P=0.496"
Weight (kg) 63 +15.5 66 + 10.2 P=0.612"
Body mass index .
241 +6.7 24.7+3.1 P=0.804
(kg/m?)
Transplant time "
12 12 P=0.918
(month)

* The independent t-test result



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

before of intervention.

Intervention | Control
Parameter Jroup Jroup P-value
Frequency Frequency
(Percentage) | (Percentage)
Male 5 (45.5) 3(30)
Gender P*=0.659
Female 6 (54.5) 7 (70)
FSGS 1(9.1) 0)0
Nephrotic 2 (18.2) 6 (60)
syndromes
DM 2 (18.2) 6 (60)
Etiology of | Hypertension 2 (18.2) 1 (10)
kidney failure |PKD 1(9.1) (0) 0 Pre0.210
Preeclampsia 1(9.1) 0)0
Pyelonephritis 2 (18.2) 1 (10)
Reflux 0 (0) 2 (20)
nephropathy

DM: diabetes mellitus, FSGS: Focal segmental glomerulosclerosis, PKD: Polycystic

kidney disease

** One-way Anova *Chi square



Table 3. Comparing the frequency distribution of reductions in the serum viral load

levels in the study groups.

Intervention group

Control Group

Variables(Qualitative) Frequency Frequency P-value
(percentage) (percentage)
One month after [ No [1(9.1) 5 (50) )
treatment Yes | 10 (9.90) 5 (50) P=0.038
Two months after | No |2 (18.2) 6 (60) .
treatment Yes |9 (81.8) 4 (40) P08
Creatinine level 2.2 2.2 3.2
GFR level 29.5 29.5 24.4
Serum viral load after one | 130,000 130,000 1,796,125
month
Serum viral load after two | 4900 4900 935875
months
Intervention group Control Group
Variables(Quantitative) | (Meanzstandard (Meanzstandard | P-value
deviation) deviation)
Creatinine level 2107 1.9+05 P=0.437""
GFR level 35+3.11 42.8+17.1 P=0.231""
Serum viral load 479500 194675 P=0.512"

“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
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baok 3. MeragaHHbIe CTATHH
THE EFFECTS OF VALACYCLOVIR ON POLYOMAVIRUS INFECTION
(BKV) IN KIDNEY TRANSPLANT RECIPIENTS

CoxpalleHHOe HA3BaAHHME CTATHH VIS BEPXHEro KOJOHTHUTYJIA:
POLYOMAVIRUS INFECTION (BKV) IN KIDNEY TRANSPLANT
RECIPIENTS

I[TOJIMOMABUPYCHAA  HWH®EKINWA (BKV) VvV  PEHUIIMEHTOB
TTOYEYHOU TPAHCILJIAHTAILIM
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