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Immunoglobulin G (IgG), IgA, and IgM antibodies were measured in serum samples from 71 organ donors,
81 kidney transplant recipients at transplantation, and 67 patients during the posttransplant period by using
a virus-like particle-based enzyme-linked immunosorbent assay (ELISA). BK virus (BKV) and JC virus DNA
were detected in urine and plasma by real-time PCR. IgG antibodies to BKV were demonstrated in the majority
(80.3 to 100%) of patients irrespective of clinical category, but titers were highest in patients with active viral
replication. IgA antibodies were present with greater frequency (72.7 to 81.3% versus 0 to 23.6%; P < 0.001)
and higher titer (mean optical density, 0.11 to 0.15 versus 0.05 to 0.08; P < 0.001) in patients who were BKV
DNA positive than those who were BKV DNA negative. IgM antibodies showed a similar pattern of reactivity
but lower frequency in the setting of active viral replication (9.1 to 43.7% versus 0 to 1.4%; P < 0.001). A rise
in IgG level of >0.577 optical density (OD) units or a rise in IgA or IgM level of >0.041 OD units was strongly
associated with active viral replication. Urine viral load showed a positive correlation with IgM titer (r � 0.22)
but a negative correlation with IgG titer (r � �0.28) and IgA titer (r � �0.1). Chronic dialysis patients
typically did not have serologic or virologic evidence of active BKV infection. Anti-BKV titers did not rise in
patients with JC viruria. In conclusion, measurement of anti-BKV antibody titer and class response can be
used to detect the onset of viral replication. ELISAs can be quite specific despite considerable sequence
homology between BK virus and JC virus.

BK virus (BKV) and JC virus (JCV) are the two polyoma-
virus species most commonly implicated in human disease (9).
BKV infection is believed to occur during childhood via the
respiratory route. This is followed by viral latency in the uro-
genital tract. BKV reactivation with urinary excretion of virus
occurs in 10 to 60% of renal transplant patients and BKV
nephropathy in 1 to 10% of renal transplant patients in differ-
ent studies. Viral nephropathy can also occur in the setting of
congenital immunodeficiency and AIDS (12–14, 24, 25, 35, 37,
41, 44–46, 48, 55). The diagnosis of BKV nephropathy is pri-
marily based on histologic examination. High levels of circu-
lating virus in the plasma develop in patients with tissue-de-
structive disease and can be regarded as a surrogate marker of
viral nephropathy (38).

JCV is also a ubiquitous virus acquired early in life. JCV
excretion has been noted in the urine of up to 70% of healthy
individuals, particularly in the Far East and among Pacific
Islanders (1, 5, 6, 29, 30). In patients with AIDS, JCV causes
progressive multifocal leukoencephalopathy. Using PCR, JCV
DNA can be amplified in up to 75% of blood samples and 92%
of cerebrospinal fluid samples obtained from patients with
progressive multifocal leukoencephalopathy and systemic lu-
pus erythematosus (15, 18, 39, 54). Viral DNA has also been
documented in human neoplasms, including brain tumors and
carcinoma of the colon, and nephrectomy specimens with renal

cell carcinoma (33). Rarely, JCV can result in interstitial ne-
phritis within the transplanted kidney (28, 57).

The humoral immune response to polyomavirus infection in
humans is not well characterized. Most publications date back
to the 1970s and 1980s and are based primarily on the hem-
agglutination inhibition assay (8, 10, 11, 19, 20, 26, 31, 36, 50,
51). Recent studies have used enzyme-linked immunosorbent
assay (ELISA) technology (21, 47), and two have studied clin-
ically well-characterized subpopulations of kidney transplant
patients. Bohl et al. showed that the titer of anti-BKV anti-
bodies in kidney donors predicted the frequency, magnitude,
and duration of posttransplant BKV viruria (4). Hariharan
et al. focused on patients with biopsy-proven nephropathy and
showed a temporal correlation between elimination of BKV
and development of immunoglobulin G (IgG) antibodies to
BKV VP-1 (22). We measured IgG, IgM, and IgA levels in
defined categories of patients and correlated antibody level
with quantitative BKV and JCV viral load.

MATERIALS AND METHODS

Study population. The study subjects included 71 organ donors, 81 kidney
transplant recipients at the time of transplantation, and 67 transplant patients in
the posttransplantation period. All transplant patients were recruited from the
Thomas E. Starzl Institute Kidney Transplant Program at the University of
Pittsburgh Medical Center (Table 1). Archival recipient baseline and deceased
donor serum samples were obtained from a sample bank maintained by The
Center for Organ Recovery and Education, Pittsburgh, PA. Posttransplant urine
and plasma samples were obtained from a subset of patients initially sampled at
the time of transplantation. Patients studied in the posttransplantation period
contributed from 1 to 11 blood specimens (median, 2 specimens). The samples
were collected at a median time interval of 9 months after transplant (range, 0.5
to 80 months). The sample collection protocols were approved by the University
of Pittsburgh Institutional Review Board (IRB protocol no. 000586). Immuno-
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suppression consisted primarily of pretransplant induction with thymoglobulin or
alemtuzumab (Campath) followed by tacrolimus monotherapy. Random mid-
stream urine samples were collected and assayed for viral DNA without centrif-
ugation. Blood samples from transplant patients were collected in EDTA tubes,
and the plasma fraction was separated out by low-speed centrifugation. All
samples were frozen at �80°C within 6 h and assayed up to 2 years posttrans-
plant.

BKV and JCV PCR assays. DNA was extracted from plasma or urine as
previously described (42, 43). Briefly, 5 ml of unspun urine was extracted using
a QIAamp Blood Maxi kit (catalog no. 51192; QIAGEN), and 200 �l of plasma
was extracted using a QIAamp Blood Mini kit (catalog no. 51104; QIAGEN).
The final extraction volumes were 200 �l and 40 �l for urine and plasma,
respectively. Quantitative real-time PCR assays for BK and JC viruses were
performed using a Roche LightCycler using virus-specific primers and probes
targeted against the VP-1 gene (42, 43). Amplification reactions were run in a
reaction volume of 20 �l containing 2 �l DNA sample, Roche 10� FasTaq Hyb
mastermix (Roche Applied Science), 2.5 mM magnesium chloride, a 500 nM
concentration of each forward and reverse primer, and a 200 nM concentration
of each probe. No-template control and negative control samples (human
genomic DNA extracted from tonsil tissue) were included in each run. Thermal
cycling was initiated with a first FasTaq activation step of 10 min at 95°C,
followed by 40 cycles of 95°C for 10 s, 60°C for 10 s, and 72°C for 5 s, with F3
channel fluorescence data collection at a single point during the annealing phase.
Real-time PCR amplification data were analyzed with software provided by the
manufacturer. Standard curves for the quantification of JCV and BKV were
constructed using serial dilutions of a plasmid containing the entire linearized
genome of the JCV Mad1 strain or BKV Dun strain ranging from 1 to 109

genomic copies of JCV DNA per PCR. The sensitivity of both the BKV and JCV
quantitative PCR assays was 10 copies of viral genomic DNA.

VLP-based ELISA. BKV virus-like particles (VLPs) were generated in insect
cells from a recombinant baculovirus expressing BKV VP-1 protein as previously
described (17). The ELISA was performed as previously described with minor
modifications. Briefly, enzyme immunoassay (EIA) plates (PolySorp; Nunc, Na-
perville, IL) were incubated overnight with VLP protein (30 ng/well). Serum
specimens (1:400 dilution for IgG and 1:100 dilution for IgA and IgM) were then
tested in duplicate according to a standard EIA protocol. After development of
the EIA reaction with 2,2�-azino-di-(3-ethylbenzthiazoline-6-sulfonate) hydro-
gen peroxide solution, absorbance was measured at 405 nm. For IgA and IgM
measurements, serum was preincubated for 30 min at room temperature with
20% (vol/vol) goat anti-human IgG (catalog no. I-1011; Sigma). Goat anti-
human IgG (5%) was also included in the serum dilution buffer during incuba-
tion in antigen-coated wells. Positive and negative control sera, sensitivity con-
trols, and reproducibility controls were included in each run. Runs where
reference serum values fell outside the expected standard deviation were re-
peated. Results are recorded both as an optical density value and as a categorical
variable (seropositive or seronegative) based on an assay cutoff. The IgG assay
cutoff was determined by comparison with the distribution of values obtained for
serum samples from 74 children 2 to 5 years old. An iterative statistical approach
was used to exclude outliers in the distribution of these control sera until no
remaining values were greater than 3 standard deviations (SD) above the mean
optical density (OD) value or until five rounds of the iterative procedure were
executed. Seropositivity was defined as 3 SD above the mean OD obtained for
the negative control sera (minus outliers). The cut off point for IgG seropositivity
was an OD value greater than 0.100 unit. The IgA and IgM cutoffs were deter-

mined in a similar manner using serum samples from a subset of 25 children. The
IgA and IgM cutoff points for seropositivity were OD values greater than 0.070
unit and 0.115 unit, respectively.

Statistical analysis. Optical densities were treated as a continuous variable
and compared between groups using the Mann-Whitney test. Proportions of
different patient categories testing positive for specific antibodies were compared
by a chi-square test or Fisher’s exact test. Differences in viral loads were evalu-
ated by the Mann-Whitney test. Correlations between viral load and serologic
parameters were sought by generating scatter plots based on log viral copy
number and optical density readings. All statistical analyses were performed
using SigmaStat (San Rafael, CA) software, version 2.03. Regression lines and
95% prediction intervals were generated by SigmaPlot version 8.02 (Systat Soft-
ware Inc., Point Richmond, CA).

RESULTS

The patients studied ranged in age from 17 to 74 years, with
a male-to-female ratio of 2.1:1. Subjects were included in the
group that was positive for BKV DNA by PCR posttransplant
(the posttransplant BKV PCR-positive group) if BK viral DNA
could be amplified from any urine or blood sample. Based on
this criterion, 27 posttransplant patients were scored as BKV
PCR positive and 40 as BKV PCR negative. The latter group
included 19 patients with JCV viruria (Table 1). A seropositive
status was assigned whenever the optical density in the ELISA
was above the cutoff for seropositivity. Data on BKV serology
in patients with JCV viruria were analyzed separately as well as
after inclusion in a group designated the posttransplant BKV
PCR-negative group.

IgG antibodies to BKV VLPs were demonstrated in 57/71
(80.3%) samples obtained from kidney donors, 66/81 (81.5%)
baseline samples from transplant recipients, 38/40 (95.0%)
posttransplant BKV PCR-negative samples (21 BKV PCR
negative and 19 JCV PCR positive), and 27/27 (100%) post-
transplant BKV PCR-positive samples (11 with viruria and 16
with viremia). Within the posttransplant PCR-negative group,
18/19 (94.7%) patients with JCV viruria were BKV seroposi-
tive (Table 1). IgA antibodies to BKV VP-1 were detected in
22.5% of donors, 23.4% of recipient baseline samples, and
23.6% of posttransplant patients negative by BKV PCR (Table
1). In patients with BKV viremia or viruria, the frequency of
IgA antibodies was 81.3% or 72.7%, respectively. None of the
patients with JCV viruria were BKV IgA seropositive. IgM
antibodies to BKV VLPs showed the same pattern of increased
reactivity in samples derived from patients with BKV viremia
or BKV viruria (43.7% of viremic patients versus 9.1% of
viruric patients versus 0% of recipient baseline samples), but a
significant number of patients who demonstrated an IgA anti-
body response did not mount a detectable IgM response. No
IgM anti-BKV antibodies were detected in patients with JCV
viruria, again indicating a lack of cross-reactivity between BKV
and JCV epitopes detected by this assay.

In addition to characterizing the serologic status of each
patient as a categorical variable (seropositive or seronegative),
we also analyzed optical density readings as a measure of
antibody titers. Posttransplant patients without BKV viremia
or viruria had a lower IgG optical density reading than those
with active BKV viruria or viremia (Fig. 1). Optical density
measurements in patients with BKV viremia did not differ
significantly from patients with BKV viruria. Active BKV in-
fection (viruria or viremia) also resulted in increased titers of

TABLE 1. Frequencies of anti-BKV VP-1 antibodies
in different patient categories

Sample category

No. (percentage) of patients
positive for:

IgG IgA IgM

Donors (n � 71) 57 (80.3) 16 (22.5) 1 (1.4)
Recipient baseline (n � 81) 66 (81.5) 19 (23.4) 0 (0)
Posttransplant BKV PCR

negative (n � 21)
20 (95.2) 5 (23.6) 0 (0)

JCV viruria (n � 19) 18 (94.7) 0 (0) 0 (0)
Posttransplant viruria (n � 11) 11 (100) 8 (72.7) 1 (9.1)
Posttransplant viremia (n � 16) 16 (100) 13 (81.3)a 7 (43.7)b

a P � 0.001 versus all other sample groups tested for IgA BKV antibodies.
b P � 0.009 versus all other sample groups tested for IgM BKV antibodies.
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IgA and IgM anti-BKV VP-1 antibodies (P � 0.001 versus all
other categories studied).

A change in optical density (�OD), defined as the peak
posttransplant value minus the baseline or first available sam-
ple, could be calculated for 31 patients who had more than one
sample studied. Of these, 12 patients had viral replication,
defined as viruria or viremia, and 10/12 had an IgG �OD of
	0.577. Both of the patients with a �OD lower than this cutoff
were patients with persistent replication in which serology was
done after replication had already started. Ten of 11 patients
with viral replication (there are no available data on the 12th
patient) had an IgA �OD greater than an arbitrarily selected
cutoff of 0.041, but two samples with a �OD value of more than
this cutoff were PCR negative. Only 7/11 patients were IgM
seropositive, and 7/7 had an IgM �OD that was greater than an
arbitrarily selected cutoff of 0.041. One patient with an IgM
optical density of 0.117 was negative for BKV DNA by PCR.

Viral genomic loads in samples obtained from different clin-
ical settings are presented in Table 2. Donor and recipient
baseline samples generally had no detectable viral DNA, ex-
cept for low viral loads (250 to 1,980 copies/ml) in four donor
and two recipient urine samples. Sixteen patients showed BKV
viremia, and these patients also had BKV viruria. The urinary
BKV load in the viremic patients (range, 0 to 2.29E10 copies/
ml; median, 6.39E7 copies/ml) was higher than that in all other
categories (P � 0.001). The median urine viral load in this
group of patients is approximately 4 logs higher than the
plasma load (range, 5.6E2 to 3.55E5 copies/ml; median, 2.62E3
copies/ml). Box plots show overlap in the range of urinary viral
loads observed in patients with and without BKV viremia (Fig.
2). BKV viral load in the viruric patients without viremia varied
from 2.0E2 to 2.28E9 copies/ml (median, 5.38E3 copies/ml).
Four BKV viremia patients had biopsy-proven viral nephrop-

FIG. 1. Box plots showing optical density readings in the ELISA for
IgG (a), IgA (b), or IgM (c) anti-BKV antibodies in different study
categories. Each box plot depicts measurements from the 25th to 75th
percentile (SigmaPlot 8.0). The error bars correspond to the 10th and
90th percentiles. The horizontal bar in each box represents the median

value. Outliers are indicated by the solid circles. The thick horizontal
line indicates the optical density cutoff used to define patients as
seropositive or seronegative. Subject categories, with the number of
subjects in parentheses, are as follows: donors (71), recipient baseline
samples (81), posttransplant BKV PCR negative (21), JCV viruria
(19), BKV viruria (11), and BKV viremia (16). Optical densities in
lanes 5 and 6 are higher than all other categories (P � 0.05).

TABLE 2. BKV and JCV viral loads in different clinical settingsa

Sample category No. of
samples

No. of copies/ml

Minimum Maximum Median

Donors 39 0 1,930 0
Recipient baseline 31 0 1,980 0
Posttransplant BKV

PCR negative
21 0 0 0

BKV viremia (plasma) 16 5.6E2 3.55E5 2.62E3
BKV viremia (urine) 16 0 2.29E10 6.39E7 b

BKV viruria 11 200 2.28E9 5,380
JCV viruria 19 6.92E1 3.72E7 4.57E4

a For patients with BKV viremia, urinary and plasma viral loads are presented
separately. For all other patient categories, only urine measurements are pre-
sented, since plasma samples tested negative. For patients with multiple samples,
the peak viral load was used for analysis.

b P � 0.001 versus BKV viremia (plasma), donors, recipient baseline, and
PCR-negative groups (Mann-Whitney test).
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athy, evidenced by the presence of viral inclusions, interstitial
nephritis, and a positive in situ hybridization test for BKV
DNA. Testing for JCV DNA was performed in a limited subset
of 19 patients to address the issue of cross-reactivity between
BKV and JCV antibodies. In these patients, a substantial JCV
burden was found despite the fact that JCV is usually not

considered a clinically significant pathogen in the kidney. JCV
viral loads ranged from 6.92E1 to 3.72E7 copies/ml. The me-
dian JCV load (4.57E4 copies/ml) was lower than the urinary
BKV load only in patients who developed BKV viremia (P �
0.001). None of the patients with JCV viruria had histologic
evidence of viral nephropathy on biopsy.

When all viruric samples studied were analyzed, urinary
BKV load showed a weak negative correlation with IgG (r �
�0.28, P � 0.03) (Fig. 3). A similar relationship was seen with
IgA optical density (r � �0.1), indicating a possible protective
role for IgG and IgA antibodies. However, urinary viral load
showed a positive correlation with the IgM optical density (r �
0.22). On repeating the analyses and including only patients
with viremia, the inverse relationship between viral load and
IgA antibody titer became accentuated (r � �0.61). Correla-
tions between plasma viral load and antibody titer were also
observed but with weaker correlation coefficients (IgG, �0.05;
IgA, �0.14; and IgM, �0.17).

This is a cross-sectional study and did not have a uniform
sampling protocol for all donor-recipient pairs. Within the
framework of this limitation, we found that viruria developed
in 9/56 (16.1%) patients receiving kidneys from BKV IgG-
positive donors compared to 5/15 (33.3%) patients who re-
ceived organs from BKV IgG-negative donors. This apparent
difference is not meaningful considering the small number of
data points and the overall prevalence of viruria in our kidney
transplant program, which is approximately 30% without re-
gard to donor serologic status. Considering kidney transplant
donors and recipients from which both donor and recipient
sera were available prior to transplantation, 4 of 22 (18.2%)
were judged to be in the high-risk category for viral transmis-
sion (i.e., recipient seronegative and donor seropositive). Two
of these patients developed viruria in the posttransplant pe-

FIG. 2. Box plot showing BKV and JCV viral loads (log trans-
formed) in posttransplant PCR-positive subjects. Subject categories,
with the number of subjects in parentheses, are as follows: plasma
levels in patients with BKV viremia (16), urinary BKV load in patients
with viremia (16), urinary BKV load in patients with asymptomatic
viruria but no viremia (11), and JCV DNA load in patients with JC
viruria (19). Urinary viral loads were higher in patients with BKV
viremia than in patients with BKV viruria or JCV viruria (P � 0.001).
The box plot depicts measurements from the 25th to the 75th percen-
tile (SigmaPlot 8.0). The error bars correspond to the 10th and 90th
percentiles. The horizontal bar in each box represents the median
value. Outliers are indicated by the solid circles.

FIG. 3. Semilog plot of urinary viral load versus anti-BKV IgG using only samples from patients with active BKV viremia or viruria. The optical
density shows a negative correlation with increasing viral load. The linear regression line in the middle is bracketed by two hairlines, which indicate
the 95% prediction intervals calculated by SigmaPlot 8.0.
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riod, and one progressed to nephropathy. A larger study with
more systematic and frequent sampling is needed to compre-
hensively address the risk of BKV transmission as a function of
the serologic status of the donor and recipient.

DISCUSSION

Classical studies on polyomavirus serology have relied on
hemagglutination inhibition or immunofluorescence antibody
techniques (8, 19, 26, 36, 51). More recently, ELISA technol-
ogy has been used to define polyomavirus immunity. Rollison
et al. found anti-BKV IgG antibodies in 85% of prediagnostic
serum samples from a case-control study of brain tumors using
a whole-virus ELISA (47). Hamilton et al. found that antibody
titers to JCV or BKV determined by hemagglutination inhibi-
tion were lower than those determined by whole-virus ELISA,
although results obtained by both techniques showed good
overall correlation (21). We previously reported a BKV sero-
prevalence of approximately 65% in non-Hodgkin’s lymphoma
case-control studies (16). Stolt et al. analyzed serum samples
from Swedish children and found that seroprevalence peaked
at 98% at 7 to 9 years of age, followed by a minor decrease
(52). Bohl et al. and Hariharan et al. have used ELISA tech-
nology to measure anti-BKV antibodies in kidney transplant
patients (4, 22). Our data confirm that organ transplant recip-
ients can successfully mount a response to BKV, despite being
on immunosuppressive medications, including lymphocyte de-
pletion regimens that require administration of alemtuzumab.
Normal antibody responses to cytomegalovirus and Epstein-
Barr virus have been recorded for kidney transplant patients
treated with anti-thymocyte globulin (27). On the other hand,
some investigators have documented derangements in immune
response to Epstein-Barr virus, hepatitis C virus, and human
immunodeficiency virus agents in immunosuppressed individ-
uals (2, 23, 34, 40, 49, 53).

The data presented show that antibodies to BKV VP-1 pro-
tein can be detected in the serum of most transplant recipients.
Furthermore, the presence of serum IgM or IgA or a high titer
of IgG to BKV was shown to be an acceptable marker for BKV
replication. Among patients with paired serum samples, we
found that most of those with BKV viruria or viremia showed
a substantial increase in IgG, IgA, and IgM antibody levels,
indicating that transplant recipients are capable of mounting
anamnestic antibody responses to BKV. Given the conve-
nience of serologic testing, measurement of BKV antibodies
could potentially be used as a primary screening test. Detection
of IgA or IgM class antibodies or an increase in IgG antibodies
above a defined threshold could be an indication for perform-
ing quantitative PCR to determine the exact viral load.

IgG and IgA antibodies to BKV VP-1 showed a negative
correlation with urinary viral load. The correlation coefficients
are low, and the extent to which these antibodies are effective
in viral neutralization remains to be determined. Viral DNA
remained detectable concurrently with high antibody titers, but
what proportion of it remained infectious cannot be deter-
mined by our data. In a small series of six patients with BKV
nephropathy, clinical recovery and clearance of viral load
seemed to coincide temporally with the development of BKV-
specific antibodies (22). However, these data are difficult to
interpret, since patients with persistent viruria and progressive

tissue damage were not included for comparison. Recently,
Bohl et al. published data showing that antibody titers in kid-
ney transplant donors reflect primarily the activity and trans-
missibility of BKV infection (3, 4). Preexisting recipient anti-
bodies seemed to provide no protection from donor-derived
virus, suggesting that anti-VP-1 antibodies to BKV are non-
neutralizing in nature. Additional studies are needed to resolve
this issue.

Even though BKV and JCV are closely related viruses,
patients with JCV viruria did not show any increase in the
frequency or titer of IgA or IgM antibodies. Adsorption ex-
periments published by Viscidi and Clayman confirm that
cross-reactivity between JCV and BKV is not a significant
problem for the ELISA used in our studies (56). Hamilton
et al. observed that only 25.4% of sera tested had antibody
titers to JCV and BKV which were identical or closely related
(21). A lack of cross-reactivity between BKV and JCV in an-
tibody assays may, at first glance, appear surprising given the
fact that these BKV and JCV VP-1 proteins share 87% amino
acid homology. However, we believe that it demonstrates how
the immune system can target different antigen epitopes and
permit one virus to replicate in the presence of active immunity
to another closely related virus. These considerations do not
exclude the possibility that some viral antigenic epitopes may
be shared between BKV and JCV. Indeed, two recent studies
on cell-mediated immunity against BKV have demonstrated
such cross-reactive epitopes (7, 32).

It is of interest that patients with chronic renal failure on
dialysis did not show serologic evidence of BKV reactivation.
On the other hand, it is to be noted that several donor and
baseline recipient sera were classified as seropositive for IgA.
Further work is needed to determine the clinical significance of
these IgA antibodies, which are not accompanied by viral DNA
in the urine or plasma. Study of a larger numbers of patients,
with a systematic posttransplant sampling protocol, is needed
to provide a numerical assessment of the risk of viruria and
viremia in kidney transplant patients stratified by donor and
recipient serologic status.
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