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                                                   RENAL BIOPSY                 VOIDED URINE

               CASTLIKE THREE DIMENSIONAL VIRAL AGGREGATES, “HAUFEN”,  IN VOIDED URINE SAMPLES MARK POLYOMA-BK-VIRUS NEPHROPATHY
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   Summary Diagram - Intra-renal Origin of Haufen and shedding into the urine
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1 BKN POSITIVE DEFINED AS:  ALL SAMPLES AT TIME OF INITIAL BIOPSY DIAGNOSIS AND ALL SAMPLES AT TIME OF ANY FOLLOWUP BIOPSY DIAGNOSIS POSITIVE FOR BKN. 
2 BKN NEGATIVE DEFINED AS:  ALL SAMPLES FROM CONTROL PATIENTS WITH NO CLINICAL OR BIOPSY EVIDENCE OF BKN, ALL SAMPLES FROM BKN PATIENTS DURING THE 
  PRE-BKN PERIOD AND AT TIME OF BIOPSY PROVEN BKN RESOLUTION. 

                                                   TABLE 4:  A COMPARISON OF SCREENING TESTS TO DETECT BKN  

N = SAMPLES N = SAMPLES N = SAMPLES N = SAMPLES
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   CELLS  
_ < 10 DECOY 

   CELLS  

MCNEMAR’S TEST

KAPPA STATISTIC

_ _

       100%

        63%

       29%

100%

        P-VALUE <0 .001P-VALUE = 0.058P-VALUE<0.001P-VALUE=1.000
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 10%
(8/77)
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(69/77)

   37%
(77/209)

    63%
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0.26

100%

57%

26%

100%

0.62

72%

88%

74%

87%

0.31

Conclusions
1) Haufen, i.e. cast-like polyomavirus aggregates, are accurate urinary non-invasive biomarkers of BKN.  

2) Haufen originate in virally injured renal tubules and are flushed out of the kidneys with the urine in cases of BKN.

3) Haufen can easily be detected in a qualitative fashion by negative staining EM, a well established, rapid and
cost-effective technique commonly used in virology since the early 1960s (see references 1-3).

4) The detection of Haufen accurately separates asymptomatic viral activators from diseased patients with BKN in
all histologic stages of disease.  The search for Haufen in one urine sample has: 
  - Sensitivity for BKN of 100%
  - Specificity for BKN of 99%
  - Positive predictive value for BKN of 97%
  - Negative predictive value for BKN of 100%

5) Shedding of Haufen follows a dynamic pattern post-transplantation.  It is constantly seen during persistent disease
and vanishes after cessation of BKN.

6) The search for Haufen is indicated as a targeted adjunct test in all patients with marked signs of polyomavirus 
activation (decoy cell shedding by urine cytology, quantitative PCR assays).

INTRODUCTION

 Polyomavirus - BK-Nephropathy (BKN) is a serious complication mainly post kidney 
    transplantation.

 Signs of polyomavirus activation (by urine cytology, quantitative PCR assays in urine and plasma)
 are clinically used to identify patients at increased risk for BKN.

 All screening tests show vast  inter-laboratory variations.  Quantitative PCR test results can
 differ up to 2 logs between laboratories.

 The positive predictive values of all screening techniques (urine cytology, urine & plasma PCR)
 are relatively low with vast overlap between patients with and without BKN.

 No currently available screening test can reliably predict BKN with greater than 80% probability.

 Small renal biopsies can miss diagnostic foci of BKN (sampling error).

 Better non-invasive screening methods to accurately predict/diagnose BKN are needed for
 improved patient management.

 AIMS OF CURRENT STUDY:

 1)  Evaluate the clinical significance of three-dimensional cast-like polyomavirus aggregate
      shedding in the urine by negative staining electron microscopy.
 2)  Can the ultrastructural (qualitative) detection of viral aggregates, termed “Haufen”, accurately
      separate patients with BKN from asymptomatic viral activators?
 3)  Does the detection of Haufen reliably mark persistent BKN over time?
 4)  Can Haufen serve as non-invasive biomarkers of BKN?
 5)  How can the detection of Haufen in voided urine samples be incorporated into currently used
      patient management strategies?

 

MATERIALS AND METHODS

1) 337 Urine samples from 160 patients (see next Table) were analyzed by negative staining electron mircoscopy
(EM) to search for Haufen and by quantitative PCR assays to assess BK virus DNA load levels. The tests
followed standard protocols (see references).

2)  Haufen were qualitatively assessed as being present or absent.

3)  Select urine specimens with Haufen (n=4) were analyzed by the immunogold labeling technique to search
     for Tamm-Horsfall protein deposits within the viral Haufen as indicators of an intra-renal origin.

4)  Plasma BK virus load levels (by PCR) and renal biopsies were obtained and analyzed when clinically
     indicated according to standard of care guidelines at UNC Hospitals.  
 - All biopsies met BANFF criteria for adequacy (two tissue cores).
 - All biosies were incubated with an antibody directed against the anti-SV40 T antigen (common to all
   polyomavirus strains).
 - Selected biopsies were additionally hybridized with oligonucleotide probes to detect polyomavirus DNA 
   sequences (gift from Dr. K. Doerris, Wuerzburg, Germany).  
 - Select biopsies were additionally examined by transmission electron microscopy.
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INTERMMEDIATE VIREMIA:  PLASMA PCR > 1 X 103 AND < 1 X 104 VIRAL COPIES/ML

NO VIREMIA:                      PLASMA PCR UNDETECTABLE

LOW VIREMIA:                   PLASMA PCR < 250 VIRAL COPIES/ML
LOW VIREMIA:                   PLASMA PCR > 250 AND <1 X 103 VIRAL COPIES/ML

HIGH VIREMIA:                   PLASMA PCR > 1 X 104   VIRAL COPIES/ML 
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FIGURE 2

   TABLE 1: PATIENT GROUPS AND STUDY SAMPLES

        
139 CONTROL GROUP PATIENTS WITH NO EVIDENCE OF BKN  

21 STUDY  GROUP PATIENTS WITH BIOPSY PROVEN BKN  

         

1SIX PATIENTS UNDERWENT EIGHT RENAL BIOPSIES WITH NO HISTOLOGICAL EVIDENCE OF BKN.
2SEVEN PATIENTS WITH CLINICALLY DOCUMENTED HEMORRHAGIC CYSTITIS; CONFIRMED BY BLADDER BIOPSY IN ONE PATIENT.

RENAL TRANSPLANT PATIENTS1                                                                                                

 

                                  

BONE MARROW TRANSPLANT PATIENTS2                                      

NATIVE KIDNEY PATIENTS                           

 PATIENTS       URINE SAMPLES        PLASMA SAMPLES    RENAL BIOPSIES

100

15

24

119

45

30

17

45

0

8 (NEGATIVE FOR BKN)

0

0

FOLLOW-UP 4 - 96 WEEKS POST INITIAL BKN DIAGNOSIS WITH BIOPSY

RESULTS: 

     FOLLOW-UP BIOPSY POSITIVE FOR BKN (PERSISTENT DISEASE)                 
     

    
     FOLLOW-UP BIOPSY NEGATIVE FOR BKN (RESOLVED DISEASE)            

FOLLOW-UP 8 - 120 WEEKS POST INITIAL BKN DIAGNOSIS WITHOUT 
BIOPSY RESULTS WITH VARYING LEVELS OF VIREMIA AND VIRURIA  
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PRE-BKN PERIOD:  
URINE AND PLASMA SAMPLES INCLUDED UP TO TWO WEEKS PRIOR TO 
INITIAL HISTOLOGIC BKN DIAGNOSIS 10 13 13 2 (NEGATIVE FOR BKN)

BKN:  INITIAL BKN HISTOLOGICAL DIAGNOSIS:                                           
URINE AND PLASMA SAMPLES INCLUDED +/- TWO WEEKS OF 
  THE BIOPSY DIAGNOSIS

                                                                  

  21    24    24    21

  8

2 (NEGATIVE FOR BKN)

0

 PATIENTS       URINE SAMPLES       PLASMA SAMPLES    RENAL BIOPSIES

BKN STAGE A:  N =  2 BIOPSIES
BKN STAGE B:  N =  4 BIOPSIES
BKN STAGE C:  N =  2 BIOPSIES 

BKN STAGE A:  N = 8 BIOPSIES
BKN STAGE B:  N = 11 BIOPSIES
BKN STAGE C:  N = 2 BIOPSIES 


