Eva Girmanova 
  
Irena Brabcova 
  
Stepan Bandur 
  
Petra Hribova 
  
Jelena Skibova 
  
M.D Ondrej Viklicky 
email: ondrej.viklicky@medicon.cz
  
  
  
  
  
  
  
  
  
  
CZECH RENAL TRANSPLANT RECIPIENTS

Keywords: renal transplantation, polyomavirus, BK virus, monitoring, BKVassociated nephropathy

Polyomavirus BK (BKV) is a common human polyomavirus that rarely causes clinical 26 symptoms in immunocompetent individuals. However, BK virus reactivation occurs in 20-27 40% of kidney transplant patients and 1-10 % of cases present with BK virus-associated 28 nephropathy (BKVN) and reduced kidney allograft survival. In this study, 120 consecutive 29 renal allograft recipients were monitored for BK virus replication by real -time PCR (qPCR) 30 in the blood and urine during the first year post-transplantation and risk factors for BK 31 viremia, viruria and polyoma BKV-associated nephropathy were evaluated. Receiver 32 operating characteristic curve analysis was used to determine the cutoff points for assessing 33 the risk of developing BKVN. In total, 1,243 samples were tested. BK-DNAuria >10 7

34 copies/ml and BK-DNAemia >10 4 copies/ml were found in 25.8 % and 5 % of the samples 35 screened, respectively, during the 12 month follow-up period. BKVN was confirmed 36 histologically in 3/120 patients and viremic patients were treated with dialysis for longer time 37 periods and had higher levels anti-BKV-reactive antibodies. Patients with viruria were also 38 treated longer with dialysis and had impaired graft function 12 months post-transplantation.

39

Patients with sustained viruria exhibited more acute rejection episodes than patients with 40 transient viruria. Using receiver operating characteristic curve analysis, the cutoff point for 41 viremia and viruria was redefined to 10 3 copies/ml serum for BK viremia and a cutoff point of 42 6.7x10 7 copies/ml in urine. In conclusion, polyoma BK viremia and viruria are frequent 43 findings in kidney transplant recipients that warrant intensive monitoring as a means of 44 preventing graft rejection.

Table I. For study purposes, the standard definition of positive serum viremia was >10 4 83 copies/ml and for viruria >10 7 copies /ml in urine as described [START_REF] Hirsch | Polyomavirus-associated nephropathy in renal transplantation: interdisciplinary 302 analyses and recommendations[END_REF]. all living donor recipients received basiliximab induction (n=24) (Table 1).

91

BKV-DNA Quantification

92

Extraction and purification of BKV-DNA from serum and urine samples was 93 performed using the Chemagic viral DNA/RNA Kit (Chemagen, Baesweiler, Germany).

94

Extracted DNA was tested for the presence of BK virus DNA by real-time PCR using the A receiver operating characteristic curve analysis was used to assess the accuracy of 188 quantitative viral load measurements used for BKVN screening that revealed a cut-off point 189 of 10 3 BKV copies/ml serum and a cutoff point of 6.7x10 7 BKV copies/ml urine (Figure 2).

190

Thirty-four patients exhibited viremia that was >10 3 and <10 nephropathy progression, including warm ischemia and reperfusion injury [START_REF] Hariharan | BK virus nephritis after renal transplantation[END_REF],

207 cytomegalovirus co-infection [START_REF] Vasudev | BK virus 331 nephritis: risk factors, timing, and outcome in renal transplant recipients[END_REF], the level of panel reactive antibodies, 208 duration of dialysis and the type of induction therapy used [START_REF] Eash | The human 294 polyomaviruses[END_REF][START_REF] Hariharan | BK virus nephritis after renal transplantation[END_REF] with 100% specificity [START_REF] Babel | Sustained BK viruria as 272 an early marker for the development of BKV-associated nephropathy: analysis of 273 4128 urine and serum samples[END_REF].

234

The 2005 guidelines defining the recommended quantitative cut-offs for BKV loads in 235 urine were >10 7 copies/ml and >10 4 copies/ml in serum [START_REF] Hirsch | Polyomavirus-associated nephropathy in renal transplantation: interdisciplinary 302 analyses and recommendations[END_REF] compared to 10 4 236 copies/ml of BKV in serum described for the diagnosis of BKVN in a separate study 237 [START_REF] Boudreault | Screening for polyomavirus 275 associated nephropathy in renal transplantation with blood viral load measurement[END_REF]. [START_REF] Hoffman | Marked variability of BK 307 virus load measurement using quantitative real-time PCR among commonly used 308 assays[END_REF] uncovered discrepancies in the BKV loads 238 measured by different assays, which partly explains the differences in viral loads described in 239 the context of BKVN presentation. Similarly, in this study, the cut-offs for BKV loads in 240 urine were 6.75 x 10 7 copies/ml and 10 3 copies/ml in serum.

241

In this study sustained viruria was found to be associated with acute rejection. BK viremia at the BKVN+ biopsy finding 1.1x10 3 copies/ml 2.2x10 3 copies/ml 7.1x10 7 copies/ml BK viruria at the BKVN+ biopsy finding 1.3x10 9 copies/ml 1.6x10 6 copies/ml 1.2x10 

Figure 1 .

 1 Figure 1. Kaplan-Meier survival analysis for time to rejection in groups of patients with sustained and transient viruria. The fraction of patients exhibiting acute rejection within one year after Tx was significantly higher than in patients without BKV reactivation (normal) (p<0.05). The group of patients with transient viruria did not reach the level of significance (p=0.1) in comparison to normal group. 172x139mm (600 x 600 DPI)

  of triple drug regimen based on either 86 tacrolimus (Tac, n=90) or cyclosporine A (CsA, n=22). Six patients received sirolimus or 87 sotrastaurin instead of calcineurin inhibitors according to the study protocol. All patients 88 received mycophenolate mofetil (MMF) and steroids. Patients with panel reactive antibodies 89 (PRA) >50% received induction immunosuppressive therapy with Thymoglobulin (n=30) and 90

  The aim of this prospective study was to evaluate the incidence of post-transplant
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	200	described supported data collected from similar studies, that is, viremia and viruria were
	201	detectable in 20-40% of patients during their first year after kidney transplantation with a
	202	BKVN incidence of 2.5% [Costa et al., 2008; Nickeleit and Mihatsch, 2006; Tong et al.,
		2004]. Also paralleling other studies, [Koukoulaki et al., 2009] the highest incidence of BK
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4 copies/ml serum and 2 patients 191 were diagnosed with BKVN, with the remaining patients not demonstrating any clinical or 192 histopathological signs of BKVN. In total, 40/120 patients examined were positive for BK 193 viremia using the redefined cut-off point. 203 viruria and viremia was assessed during the third month after treatment, with most patients 204 never developing BKVN and clearing their viral load. 205 Several risk factors have been associated with increased viral replication and 206

  [START_REF] Babel | Sustained BK viruria as 272 an early marker for the development of BKV-associated nephropathy: analysis of 273 4128 urine and serum samples[END_REF]. It still remains a matter of debate whether 246 modification to immunosuppressive therapies affects BKV replication resulting in an 247 increased risk of acute rejection. In conclusion, polyoma BK viremia and viruria wereThe study protocol was approved by the Ethics Committee of the Institute for Clinical nurses from the ward for their cooperation and help. This work was supported by the Internal Kaplan-Meier survival analysis for time-to-rejection in patients with sustained and 338 transient viruria. The fraction of patients exhibiting acute rejection within one year post Tx Figure 2. Receiver operating characteristic (ROC) curve analysis for BK viremia and viruria 344 cutoffs used in BKVN screening. The difference in DNA levels between patients with and

		TABLE I. Patient Demographic Characteristics (n=120)	
		Age (yr)		54 (18-77)
		Gender (male, %)		77 (65%)
	EXPERIMENTAL ETHICS could lead to BKV reactivation [248 252 Case of ESRD: (%) Polycystic kidney disease GN Hypertension 251 FIGURE LEGENDS BMI (kg/m 2 ) 354	19 47 18 25.02 (17.05-34.54)
	249	identified frequently in kidney transplant recipients, suggesting that monitoring BKV loads in PN/IN 24
		Diabetes		8
	250	this patient group is a means of preventing graft failure and progression to BKVN. Other 4
		HLA mismatches (avg±SD)		3.13±1.55
		First graft (n, %)		97 (81%)
		PRA		
		<20%		77 (64%)
		20-80%		35 (29%)
	345 346	F o r F o r F o r F o r F o r without BKVN were significant (p<0.01). In the kidney transplant population studied, BKV F o r >80% 8 (7%) CMV seroconversion status D-/R-9% D-/R+ 20% D+/R-13% F o r
	347 348	P e P e P e P e P e viral loads in serum >10 3 copies/ml showed sensitivity of 100% and specificity of 69% for BKVN. BKV viral loads in urine >6.7x10 7 copies/ml showed sensitivity of 100% and P e D+/R+ 58% P Immunosuppression Induction with either antithymocyte globuline or basiliximab (n, %) 54 (43%) e
		specificity of 83% for BKVN. Tacrolimus (n, %) Cyclosporin A (n, %) Sirolimus or sotrastaurin (n, %)	e r e r e r e r e r e r e r	92 (77%) 22 (18%) 6 (5%)
	263	Living donor (n, %) CIT (hours)	R R R R R R R	24 (20%) 17.39 (0-25.9)
		e e Grant Agency from the Czech Ministry of Health No. NS9714-4/2008. e e e e e
	350 351 352	v i e w v i e w v i e w v i e w v i e w v i e w v i e Data are shown as median (minimum-maximum) values unless indicated otherwise. ESRD=end-stage renal disease; PN/IN=pyelonephritis/interstitial nephritis; CIT=cold ischemia time; PRA=panel reactive antibody; BMI=body mass index; w
	353	CMV=cytomegalovirus, induction: Thymoglobuline or basiliximab
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		Similarly, Babel et al. showed that acute rejection was associated with BKV reactivation. In
	245			
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243 about 50% of patients, acute rejection occurred simultaneously or preceded viral reactivation, 244 thus an increase in immunosuppressive therapies combined with inflammatory responses 337 Figure 1.

TABLE II .

 II BKVN Patient Demographic Data and Outcomes 

		P01	P02	P03
	Age/gender	44 y/female	55 y/male	60 y/male
	ESRD	polycystic kidney	Grawitz tumor	DN
	BKVN after Tx (days)	92	147	94

TABLE III .

 III Characteristics of BKV Viremic and Viruric Patients

		10 7 urine (n=31)	10 4 serum (n=6)	Controls (n=85)	p
	Age (yrs)	55 (27-77)	54 (30-72)	54 (18-75)	n.s.
	Gender (male, %)	20 (65%)	5 (83%)	57 (64%)	n.s.
	Donor Age (yrs)	52 (18-77)	52 (33-58)	53 (22-77)	n.s.
	Living donor (%)	4 (40%)	1 (17%)	19 (21%)	n.s.
	CIT (hours)	17 (0-24)	18 (13-21)	18 (0-26)	n.s.
	BMI (kg/m 2 )	25 (19-33)	27 (23-30)	25 (17-34)	n.s.
	HLA mismatch (avg±SD)	3 (0-5)	3 (2-5)	4 (0-6)	n.s.
	First graft (n, %)	23 (74%)	5 (83%)	74 (83%)	n.s.
	Peak level of PRA	4 (0-98)	6 (4-90)	2 (0-98)	*a
	CMV serology				n.s.
	D-/R-	10%	0%	9%	n.s.
	D-/R+	19%	17%	20%	n.s.
	D+/R-	13%	17%	12%	n.s.
	D+/R+	58%	67%	60%	n.s.
	Immunosuppression				n.s.
	Induction	38%	33%	36%	n.s.
	Tacrolimus	80%	67%	73%	n.s.
	Cyclosporin A	17%	33%	18%	n.s.
	Duration of dialysis	37 (0-155)	53 (31-155)	21 (0-83)	*a,b
	(weeks) Serum creatinine at 12M	111 (68-170)	161 (125-170)	124 (65-244)	n.s.
	Proteinuria g/24h at 12M	0.17 (0.0-2)	0 (0-2)	0.1 (0-2)	n.s.
	eGFR at 12M	0.93 (0.65-1.47)	0.71 (0.65-0.75)	0.77 (0.4-1,78)	*b
	Rejections (Mean±SD) at	0.35±0.6	0.67±0.52	0.38±0.49	n.s.
	3M				
	Rejections (Mean±SD) at	0.44±0.71	0.83±0.75	0.55±0.78	ns n.s.
	12M				

Data are shown median (minimum-maximum) values unless otherwise indicated. ESRD=end-362 stage renal disease; CIT=cold ischemia time; eGFR=estimated glomerular filtration rate;

John Wiley & SonsJournal of Medical Virology

ACKNOWLEDGEMENTS

261

We are grateful to R. Polackova for her excellent technical assistance, the patients and

approved by the Ethics Committee of the Institute for Clinical and Experimental Medicine

and Experimental Medicine in Prague and all patients provided written informed consent prior 254 to participation in the study.