
BK virus nephropathy in the native kidneys
of a pediatric heart transplant recipient

Polyoma virus nephropathy is recognized as an
important cause of allograft dysfunction and
graft loss in pediatric and adult renal transplant
recipients (1, 2). Nephropathy secondary to BK
virus in the native kidney is uncommon.
Although there are published case reports of
BK virus nephropathy in the native kidneys of
adults with heart (3–6), lung (7, 8), pancreas (9),
and bone marrow (6, 10, 11) transplant recipi-
ents, no cases have yet been reported in pediatric
heart or solid-organ transplant recipients.
We present a case report of a seven-yr-old

child who developed irreversible kidney failure
secondary to BK virus nephropathy, following a
second heart transplantation.

Case report

A previously healthy 17-month-old African-
American male presented with congestive heart
failure secondary to idiopathic cardiomyopathy.

Renal evaluation was normal, with blood urea
nitrogen of 15.0 mg/dL, serum creatinine of
0.4 mg/dL, and a normal renal ultrasound.
At 18 months of age, he received a cardiac

transplant. Post-transplant immunosuppression
included induction with antithymocytic globulin
15 mg/kg for five days, and maintenance therapy
with cyclosporine and azathioprine. Cyclospor-
ine trough levels were 250–300 ng/mL initially
with taper to 150–200 ng/mL over one yr. Ste-
roids were only used for rejection. He had eight
episodes (three biopsy proven) of acute rejection.
All rejection episodes were treated with 4–8 doses
of intravenous methylprednisolone (20 mg/kg/
dose BID). Two rejection episodes were also
treated with antithymocytic globulin, and one
rejection episode was treated with methotrexate.
Three rejection episodes were also treated with
2 g/kg of IVIG. One year after the transplant,
cyclosporine was switched to tacrolimus mono-
therapy. Target tacrolimus levels were 10–13 ng/
mL. Subsequently, with addition of mycophen-
olate mofetil, tacrolimus was decreased to
5–8 ng/mL. The patient developed hypertension
and was treated with enalapril and clonidine
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Abstract: BK virus is a human polyoma virus that may cause
nephropathy in immunosuppressed patients. It is a well-recognized
cause of renal allograft dysfunction and allograft loss in renal transplant
recipients, but it is an infrequent cause of nephropathy outside this
setting. There are a few case reports of BK virus nephropathy in the
native kidneys of immunosuppressed adult patients with non-renal
transplants, but so far it has not been reported in pediatric non-renal
solid organ transplant recipients. We report a case of a seven-yr-old
heart transplant patient who was diagnosed with BK virus nephrop-
athy, eight months after his second heart transplant. Despite interven-
tion, his renal dysfunction progressed to renal failure. He is currently
receiving maintenance hemodialysis and awaiting renal transplantation.
It is important to recognize BK virus infection as a possible cause of
renal dysfunction in immunosuppressed children who are non-renal
transplant recipients.
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transdermal therapeutic systems patch. His
serum creatinine was 0.4 mg/dL and eGFR was
120 mL/min/1.73 m2. Four and a half yr after
transplant, the patient�s immunosuppression was
converted to sirolimus with low dose tacrolimus
because of renal insufficiency presumed to be
secondary to calcineurin inhibitors. His serum
creatinine was 0.7 mg/dL, and the eGFR was
84 mL/min/1.73 m2 as calculated by the Sch-
wartz equation (12). Urinalysis was normal, with
no proteinuria or hematuria. Testing for poly-
oma virus was not performed. The patient
received a second heart transplant at six yr and
nine months of age. Induction immunosuppres-
sion consisted of five doses of anti thymocytic
globulin and methylprednisolone, with a main-
tenance regimen of tacrolimus and sirolimus.
Tacrolimus maintenance trough levels were
6–8 ng/mL, and sirolimus levels were 6–8 ng/mL.
Prior to the second heart transplantation the

patient�s serum creatinine was 0.9 mg/dL and
eGFR was 70 mL/min/1.73 m2. He developed
acute renal failure following transplant surgery
and was hemodialyzed for three days. At dis-
charge, his serum creatinine was 1.0 mg/dL, with
an eGFR of 62 mL/min/1.73 m2. Ten months
following the second heart transplant there was
acute deterioration of renal function, and the
serum creatinine rose to 3.6 mg/dL (eGFR
16 mL/min/1.73 m2). A percutaneous kidney
biopsy was performed, and the patient was
started on hemodialysis. Renal biopsy demon-
strated fairly advanced chronic tubulointerstitial
injury with a mild lymphocytic interstitial nephri-
tis and many intranuclear inclusions typical of
BK-polyoma virus infection (Fig. 1). Immuno-
staining for SV-40 large T antigen (antibody to
which cross-reacts with BK-polyomavirus) was
also positive (Fig. 1), and electron microscopy
demonstrated characteristic intranuclear viral
particles of about 30–40 nm in size, providing
additional confirmatory evidence (Fig. 2). BK
virus PCR quantitative analysis of blood was
reported to demonstrate 200 000 000 copies/mL.
The patient was treated with 0.5 g/kg of IVIG.

Cidofovir at 0.5 mg/kg/dose was given once, and
subsequently weekly doses of cidofovir were
given at 0.25 mg/kg for five additional wk.
Cidofovir was discontinued because the patient
had generalized malaise, muscle aches, nausea,
and emesis. Nine months later because of persis-
tent BK viremia two more weekly doses of
cidofovir (0.25 mg/kg) were tried, which the
patient did not tolerate. Also, immunosuppres-
sion was lowered to Prograf trough levels of 2–
4 ng/mL and sirolimus levels of 6–8 ng/mL.
Although there was a slow decline in blood BK

virus levels by PCR, there was no improvement
in kidney function, and the patient continued on
maintenance hemodialysis (Table 1).
This patient is currently 9.5 yr old and has

been receiving maintenance hemodialysis for the
past 2.5 yr. He has good cardiac function as
measured by echocardiogram, and is receiving

Fig. 1. Upper panel: Kidney biopsy, demonstrating mar-
gination of chromatin and ‘‘watery’’ intranuclear inclusions
typical of BK-polyoma virus infection, within enlarged
tubular epithelial cell nuclei. Middle panel: A more distinct
intranuclear inclusion, somewhat resembling CMV, is
present in one tubular cell nucleus (arrow), as can also be
seen in BK virus infection. A mild interstitial nephritis is
present in the background. Lower panel: Immunohisto-
chemical stain for SV-40 T-antigen, demonstrating the
typical reactivity in nuclei of scattered infected cells (positive
nuclei are brown). (Upper and middle panels hematoxylin
and eosin stain, lower panel immunoperoxidase stain).
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low dose tacrolimus (target levels = 2–4 ng/mL)
and sirolimus (target levels = 5–7 ng/mL). He is
currently awaiting a deceased donor renal trans-
plantation. Two and a half yr after the diagnosis
of BK virus nephropathy and lowering of
immunosuppression, his blood continues to be
positive for BK virus, with a recent blood BK
virus PCR of 39 000 copies/mL.

Discussion

BK virus was first described in 1970, and is
named after the initials of the sentinel patient.

Primary infection with BK virus typically occurs
in childhood, with the virus remaining latent in
the bladder, renal epithelium and lymphoid cells.
Polyoma virus is now well recognized as a renal
pathogen in immunosuppressed pediatric and
adult renal transplant recipients (1, 2).
BK virus nephropathy much less commonly

occurs inthenativekidneysofnon-renal transplant
recipients.TherehavebeenafewcasereportsofBK
virus nephropathy in the native kidneys of adult
heart (3–6), lung (7, 8), pancreas (9), and bone
marrow (6, 10, 11) transplant recipients. In
children, BK virus nephropathy outside the
setting of renal transplantation is veryuncommon.
It has been reported in a 14 yr old with cord
blood transplant for acute myeloid leukemia (11),
and in a five yr old on chemotherapy for
acute lymphoblastic leukemia (13). Our patient
diagnosed with BK nephropathy at seven yr of
age is to our knowledge the first pediatric heart
transplant recipient reported to develop renal
failure secondary to BK virus nephropathy.
Our patient presented with a decline in renal

function much like that of renal transplant recip-
ients, in whom BK virus nephropathy often
presents with progressive graft dysfunction
heralded by a rising serum creatinine. The diag-
nosis of BKnephropathy can be established by the
demonstrationof viral replication in blood, andby
a kidney biopsy. It has been suggested that
a persistent plasma BK virus load of 10 000 -
copies/mL or more for more than three wk is
highly suggestive ofBKvirus nephropathy in renal
transplant recipients (2). An appropriate copy

Fig. 2. High magnification electron micrograph demon-
strating nuclear membrane at right, with multiple intranu-
clear viral particles having morphology typical of BK virus
at left (original magnification · 45 000).

Table 1. Clinical course and therapy
Age in yr Event eGFR mL/min/1.73 m2 Immunosuppression

1� First heart transplant 120 ATG 15 mg/kg · 5 days
CSA 250–300 ng/mL initial
CSA 150–200 ng/mL maintenance
MMF 3–5 mcg/mL

2� Hypertension 120 Tacrolimus 10–13 ng/mL initial
5–8 ng/mL maintenance
MMF 3–5 mcg/mL
Multiple episodes of rejection

6 Renal insufficiency 84 Tacrolimus 8–10 ng/mL
Sirolimus 6–8 ng/mL

6� Second heart transplant 70 ATG 15 mg/kg · 5 days
Tacrolimus 6–8 ng/mL
Sirolimus 6–8 ng/mL

7� BK virus on renal biopsy hemodialysis 16 Tacrolimus 2–4 ng/dL
Sirolimus 5–7 ng/dL
Cidofovir 0.25–0.5 mg/kg
IVIG 0.5 g/kg

9� Maintenance hemodialysis Tacrolimus 2–4 ng/dL
Leflunomide 10–20 mg/day
IVIG 2 g/kg monthly · 3

ATG, antithymocytic globulin; CSA, cyclosporine; eGFR, estimated glomerular filtration rate; IVIG, intravenous
gamma globulin; MMF, mycophenolate mofetil.
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number threshold has not been established for
non-renal transplant recipients.
The definitive diagnosis of BK virus nephrop-

athy requires a renal biopsy. The typical lesion is
a patchy interstitial nephritis with characteristic
intranuclear viral inclusions that most typically
either have a watery or finely granular appear-
ance, but can be more distinct with a perinuclear
halo somewhat resembling CMV. The interstitial
nephritis can mimic acute cellular rejection if the
viral inclusions are not recognized. Immunohis-
tochemical staining for SV40 (large T antigen)
can be helpful in confirming the diagnosis, as this
antibody cross-reacts with the BK polyoma
virus. If infected cells are present in the portion
of the biopsy for electron microscopy, intranu-
clear viral particles approximately 40 nm in size
can be demonstrated (14). Our patient had both,
high PCR copy counts and biopsy confirmation
of BK virus nephropathy.
The incidence of BK nephropathy appears to

correlate with the degree and duration of immu-
nosuppression. Our patient was immunosup-
pressed from 17 months of age. More
importantly he had also received multiple doses
of antirejection therapy with his failing first heart
transplant, and increased immunosuppression
(antithymocytic globulin induction) with his
second heart transplant.
Our patient�s progression to renal failurewas no

doubt facilitated by (i) his substantial lifetime
immunosuppression burden, which may have
contributed to development of a more severe
nephropathy, (ii) continued immunosuppression
necessary to avoid cardiac allograft rejection, and
(iii) his substantial substrate of underlying chronic
kidney disease as a result of multiple renal insults,
including episodes of poor cardiac function, and
calcineurin inhibitor toxicity. These factors lim-
ited his renal reserve, such that the injury due to
BK virus had a proportionately greater effect than
on a normal kidney. Since this patient was
immunosuppressed from 18 months of age, it is
likely that he had a primary BK virus infection
during his prolonged course of immunosuppres-
sion, although a reactivation of BK virus that the
patient acquired before his first cardiac transplant
is also a possibility. The persistent decline in
kidney function and the very high BK virus PCR
copy count would be consistent with a prolonged
duration of BK virus nephropathy.
This patient is currently on hemodialysis,

awaiting a deceased donor renal transplant. He
continues to have high levels of BK viral repli-
cation and with ongoing BK viremia, the ques-
tion arises as to when he should undergo kidney
transplantation. Kidney transplant in the face of

persistent viremia may place him at higher risk
for BK nephropathy in the transplant kidney and
subsequent graft loss. In the renal transplant
recipients, it is recommended that re-transplan-
tation for graft failure due to BK virus nephrop-
athy is performed when there is no evidence of
active BK virus replication. The role of nephrec-
tomy of the infected graft prior to retransplan-
tation in patients with BK viremia is unclear (15).
Success with allograft nephrectomy at the time of
re-transplantation has also been reported during
active BK nephropathy (16). The primary ther-
apeutic intervention for BK nephropathy is
careful lowering of immunosuppression early in
the course of BK nephropathy. Additional ther-
apy may include use of quinolones, leflunomide,
cidofovir, and IVIG (17). In our patient we plan
to use leflunomide, with repeated doses of IVIG,
and consider native nephrectomy prior to renal
transplant if BK viremia persists.
Should recipients of all transplants be moni-

tored for BK viremia? In a study of 173 kidneys
and 24 hearts and 37 liver transplants, Puliyanda
et al. reported BK viremia in 7/173 (4%) patients
with kidney transplant, 1/37 (2.7%) with liver
transplant, and 0/24 heart transplant recipients.
Six out of seven renal transplant recipients in this
series had BK virus DNA > 2 · 105 copies/mL,
while the liver transplant recipient had low titers.
Four out of the six renal transplant biopsies
showed typical features of BK virus nephrop-
athy. The study suggests that the risk for BK
virus nephropathy to be highest in renal trans-
plant recipients and very low in recipients of
non-renal solid organ transplants (18). Other
authours have reported BK viuria in 15–26.5%,
and BK viremia in 0–12% of adult recipients of
solid organ transplants (19–21), In a study of
children aged 1–18 yr, BK virus was detected in
urine samples of 19 of 38 (50%) renal transplant
recipients, and one of seven (14%) patients with
renal disease on immunosuppression. In the same
pediatric series, 8/38 (21%) renal transplant
recipients and 2/42 (4%) non-transplant renal
patients had plasma samples positive for BK
virus by PCR (22). It is unclear why BK virus
nephropathy appears to occur relatively fre-
quently following renal transplant but only rarely
in native kidneys of non-renal transplants. Some
have suggested that renal tubular injury during
the process of renal transplantation or during
allograft rejection may activate or otherwise
facilitate polyoma virus infection, leading to
nephropathy. Pendese et al. (23) have suggested
that a second, organ-specific hit such as kidney
inflammation, kidney ischemia, or donor-
recipient human leukocyte antigen mismatch is
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necessary for the development of active nephrop-
athy. This may in part explain the greater
frequency of BK virus nephropathy in kidney
transplant recipients compared to other solid
organ transplants.
Renal dysfunction in the cardiac transplant

recipient traditionally has been attributed to use
of calcineurin inhibitors and other nephrotoxic
drugs, as well as repeated episodes of renal
hypoperfusion during cardiac allograft dysfunc-
tion. Also, the native kidneys in some patients
have been subjected to prolonged ischemia or
poor perfusion prior to cardiac transplantation.
Prior to 2005 when this case presented, we were
not aggressive in performing a kidney biopsy or
obtaining BK virus PCR testing in cardiac
transplant recipients with slowly rising serum
creatinine. We biopsied this patient primarily
because he had an acute unexplained rise in
serum creatinine. A higher level of physician
suspicion and more frequent testing may yet
show that BK virus nephropathy rates in the
native kidneys in immunosuppressed patients are
higher than currently reported. Clinicians should
have a high index of suspicion, and consider BK
nephropathy of the native kidneys, in the differ-
ential diagnosis of patients with rising serum
creatinine in all pediatric transplants, and per-
haps all immunosuppressed children.
In conclusion, BK virus nephropathy can occur

in the native kidneys of pediatric non-renal trans-
plant recipients. We have changed our clinical
approach so that all pediatric non-renal transplant
patients and immunosuppressed patients with
rising serum creatinine are tested for BK virus by
PCR, and a renal biopsy performed when indi-
cated. These patients may benefit from early
detection and careful modification of their immu-
nosuppressive regimens, with the intent of
avoiding irreversible renal damage. However,
significant reduction in immunosuppressants
may not always be possible in some transplant
recipients particularly those in whom the conse-
quences of non-renal graft loss are of more critical
importance than maintaining renal function.

References

1. Acott PD, Hirsch HH. BK virus infection, replication, and

diseases in pediatric kidney transplantation. Pediatr Nephrol

2007: 22: 1243–1250.

2. Hirsch HH, Brennan DC, Drachenberg CB, et al. Polyo-

mavirus-associated nephropathy in renal transplantation:

Interdisciplinary analyses and recommendations. Transplan-

tation 2005: 79: 1277–1286.

3. Menahem SA, McDougall KM, Thomson NM, Dowling JP.

Native kidney BK nephropathy post cardiac transplantation.

Transplantation 2005: 79: 259–260.

4. Schmid H, Berg M, Kretzler M, Banas B, Grone HJ, Kliem

V. BK virus associated nephropathy in native kidneys of a heart

allograft recipient. Am J Transplant 2005: 5: 1562–1568.

5. Barber CE, Hewlett TJC, Geldenhuys L, Kibert BA,

Acott PD, Hatchette TF. BK virus nephropathy in a heart

transplant recipient: Case report and review of the literature.

Transpl Infect Dis 2006: 8: 113–121.

6. Limaye AP, Smith KD, Cook L, et al. Polyomavirus

nephropathy in native kidneys of non-renal transplant recipi-

ents. Am J Transplant 2005: 5: 614–620.

7. Schwarz A, Mengel M, Haller H, Niedermeyer J. Polyoma

virus nephropathy in native kidneys after lung transplantation.

Am J Transplant 2005: 5: 2582–2585.

8. Milstone A, Vilchez RA, Geiger X, et al. Polyomavirus

simian virus 40 infection associated with nephropathy in a lung-

transplant recipient. Transplantation 2004: 77: 1019–1024.

9. Haririan A, Ramos ER, Drachenberg CB, Weir MR,

Klassen DK. Polyomavirus nephropathy in native kidneys of

a solitary pancreas transplant recipient. Transplantation 2002:

73: 1350–1353.

10. Dropulic LK, Jones RJ. Polyomavirus BK infection in blood

and marrow transplant recipients. Bone Marrow Transplant

2008: 41: 11–18.

11. Shapiro S, Robin M, Esperou H, et al. Polyomavirus

nephropathy in the native kidneys of an unrelated cord blood

transplant recipient followed by a disseminated polyomavirus

infection. Transplantation 2006: 82: 292–293.

12. Schwartz GJ, Haycock GB, Edelmann CM Jr, Spitzer A. A

simple estimate of glomerular filtration rate in children derived

from body length and plasma creatinine. Pediatrics 1976: 58:

259–263.

13. Inaba I, Jones DP, Gaber LW, et al. BK virus-induced tub-

ulointerstitial nephritis in a child with acute lymphoblastic

leukemia. J Pediatr 2007: 151: 215–217.

14. Randhawa R, Brennan DC. BK virus infection in transplant

recipients: An overview and update. Am J Transplant 2006: 6:

2000–2005.

15. Hirsch HH, Ramos E. Retransplantation after polyomavirus-

associated nephropathy: Just do it? Am J Transplant 2006: 6:

7–9.

16. WomerKL,Meier-KrieschemHU, PattonPR, et al. Preemp-

tive retransplantation for BK virus nephropathy: Successful

outcomedespiteactiveviremia.AmJTransplant2006:6:209–213.

17. Crew RJ, Markowitz G, Radhakrishnan J. Therapeutic

options in BK virus associated interstitial nephritis. Kidney Int

2006: 70: 399–402.

18. Puliyanda DP, Amet N, Dhawan A, et al. Isolated heart and

liver transplant recipients are at low risk for polyomavirus

BKV nephropathy. Clin Transplant 2006: 20: 289–294.

19. Barton TD, Blumberg EA, Doyle A, et al. A prospective

cross-sectional study of BK virus infection in non-renal solid

organ transplant recipients with chronic renal dysfunction.

Transpl Infect Dis 2006: 8: 102–107.

20. Doucette K, Pang X, Jackson K, et al. Prospective moni-

toring of BK polyomavirus infection early posttransplantation

in nonrenal solid organ transplant recipients. Transplantation

2008: 85: 1733–1736.
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