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Abstract: Adenovirus (AdV) infection can occur early after
transplantation, especially with potent immunosuppression for
induction or acute rejection treatment.We present the largest case series
of adult renal recipients from a single institution with AdV infection,
and the ¢rst apparent case of transferred AdV infection from1deceased
donor to 2 kidney recipients.Three patients received kidneys from 2
deceased donors: 2 from a 23 -year-old donor, and the third from a 4 -
year-old donor.The recipients with the same donor both displayed early
rejection. One who eventually lost his graft to AdVnephritis required
treatment with plasmapheresis, intravenous immunoglobulin,
rituximab, and anti-thymocyte globulin for severe antibody-mediated
rejection.The second required only steroids for acute cellular rejection
and has good renal function at 7 years.The third recipient was
discovered to have AdVand microabscesess on renal biopsy and
required nephrectomy. In the 2 cases of graft loss, we observed sudden
deterioration of graft function with rising creatinine and subsequent
necrosis resulting in nephrectomy within 40 days after transplantation.
AdVwas detected by polymerase chain reaction in urine or serum and/
or renal tissue. AdVactivation after potent immunosuppression can
lead to systemic infection and may trigger rejection and/or early graft
loss.
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As more e⁄cacious immunosuppressive agents allow for
transplantation of immunologically high-risk patients,
reactivation of latent viruses can be expected. Cytomegalo-
virus is the most common agent in this category.The rapid
reemergence of BK or polyomavirus has brought this virus
to the forefront of transplant physicians’ concerns.
Adenovirus (AdV) is another old nemesis, more often
diagnosed in the pediatric population, but reemerging in
adult solid organ transplant (SOT) recipients receiving
potent immunosuppressive regimens, especially lympho-
cyte-depleting induction agents (1^3).
AdVs are nonenveloped double-stranded DNA viruses

with a tropism for epithelial cells via coxsackievirus and
AdVreceptors, class I human leukocyte antigen molecules,
and sialoglycoprotein receptors (3). Organ systems a¡ected
include the respiratory, gastrointestinal, and genitourinary
systems. AdV infections are usually self-limited in
immunocompetent individuals, but the virus usually takes
a latent form in the host. Immunocompromised hosts
can develop systemic infections, organ dysfunction, and,
occasionally, death from this viral infection. AdV can

reactivate from a latent form in the host, as well as be trans-
mitted by a donor graft. In SOT recipients, AdV often
attacks the transplanted organ (1, 3).
Among abdominal organ recipients, small bowel

recipients are most frequently diagnosed with AdV illness.
This may be due to the lymphatic mass that is transplanted
with the intestinal graft, serving as a reservoir of potential
virus (4). Pediatric liver recipients are also commonly
reported with AdV infection, including hepatitis, colitis,
and pneumonitis. Kidney recipients have been sporadi-
cally reported with AdV infection, usually discovered after
renal biopsy for elevated serum creatinine (3). A recent
surveillance study of AdV in the serum of adult SOT recip-
ients demonstrated that 8.3% were AdV positive by
polymerase chain reaction (PCR) after liver transplanta-
tion, 6.5% after kidney transplantation, and 6.7% after
heart transplantation (5). AdV may be isolated in up to
20% of pediatric bone marrow recipients, with death in
about 6% of symptomatic patients (6).
Treatment forAdV is primarily reduction of immunosup-

pression in transplant recipients. For patients who do not
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improve through reduction of immunosuppression alone,
treatment may consist of passive immunity through pooled
intravenous immunoglobulin (IVIg), or the antiviral agents
ribavirin, cidofovir, or valganciclovir (2, 7^10).

Case reports

Patient 1 (P1) and Patient 2 (P2) with Donor (D1)

D1
A23-year-oldmale su¡ered a fatal intercerebral injurydue to
a motor vehicle crash 72 hbefore donation. He had no signi¢-
cant medical history and serologies were positive for
cytomegalovirus IgG and hepatitis B surface antibody from
vaccination.The donor received several blood transfusions.

P1
P1was a 44 -year-old African American male with historic
T-cell panel reactive antibodies (PRA) of 98%, but a current
PRA of 0%, no prior transplant, 20 -year history of hyper-
tension, and was on hemodialysis for 10 years. He had an
upper respiratory infection 2 weeks previously, with a very
mild residual dry cough. He was afebrile, chest x-ray was
clear, with a normal serum white blood cell count. P1 had a
negative T-cell anti-human globulin-augmented comple-
ment-dependent cytotoxicity (AHG-CDC) crossmatch and
CDC B-cell crossmatch on the day of transplantation.
P1 received induction with 3 doses (total 5 mg/kg) of rab-

bit anti-thymocyte globulin (ATG) (Thymoglobulins, Gen-
zyme, Cambridge, Massachusetts, USA) and maintenance
tacrolimus, mycophenolate mofetil (MMF), and prednisone.
He received prophylactic therapy with valganciclovir
450 mg a day and trimethoprim/sulfamethoxazole once
every other day. P1 had good renal graft function over the
¢rst 2 days post transplantation. He had good urine output
and a creatinine decrease from 10.6 to 3.1mg/dL on post-
operative day (POD) 5.
On POD 6, P1 had a sudden decrease in urine output with

a creatinine increase to 4.2 mg/dL. Tacrolimus trough level
was 10 ng/mL. His absolute lymphocyte count was 0.1 cells/
nL.W|th the presumed diagnosis of antibody-mediated re-
jection, donor-speci¢c antibody (DSA) titers were drawn
and he was given methylprednisolone pending biopsy. A
renal biopsy on POD 7 revealed pure antibody-mediated
rejectionwith prominence and dilatation of the peritubular
capillaries containing mononuclear cells and neutrophils.
C4d staining was strongly positive along the peritubular
capillaries. V|ral cytopathic changes were not seen within
the tubules, and the arterioles and small arteries were nor-
mal. Repeat T-cell AHG-CDC crossmatch against cryopre-
served donor cells, as well as surrogate donor cells, was

now positive (1:8). T-PRA increased from 0% pre-trans-
plant to 45% on POD 6.
The patient was given rituximab 375mg/m2 the night of

biopsy and then started on plasmapheresis for 10 treatments.
The patient’s absolute lymphocyte count was low from ATG
induction. He also received intermittent doses of IVIg to pre-
vent rebound of DSA. DSAwas de¢ned against B81, and sur-
rogate donor cells were used to follow DSAover the course of
plasmapheresis. P1 demonstrated progressive decrease in
positive AHG-CDC titer against surrogate cells: POD 7 1:8;
POD 12 1:4, and POD 14 1:2. P1’s urine output improved sig-
ni¢cantly toward the end of his plasmapheresis treatments
and his creatinine decreased to 3.5 mg/dL. He had 5 days of
excellent urine output before his urine output again trended
downward and creatinine increased.
Five days later, the patient developed a sore throat and

high fever with generalized malaise and rigors. A chest
x-ray showed a left lower lobe in¢ltrate. Initial Gram stain
and early culture obtained from bronchoalveolar lavage
(BAL) were negative. His exam and constitutional signs
worsened, and he developed gross hematuria with tender-
ness and pain to palpation over the renal graft. The graft
was removed urgently on POD 24.
Approximately 50% of the kidney was histologically

normal without signs of cellular or humoral rejection, but
the remainder demonstrated dilated tubules as a sign of
acute injury, and focal vacuolization of the cytoplasm.
In several areas of the renal cortex, a necrotizing tubulo-
interstitial nephritis rich in polymorphonuclear leukocytes
was identi¢ed, secondary to an AdV infection with charac-
teristic intranuclear viral inclusion bodies in tubular
epithelial cells. In the in£amed areas, small foci of hemor-
rhage were also identi¢ed.The necrotizing tubulo-intersti-
tial nephritis accounted for approximately 30% of the
parenchyma. Intranuclear viral inclusion bodies were
noted adjacent to the severely in£amed and destroyed re-
gions in intact tubular cross sections. There was no trans-
plant endarteritis. The renal collecting system epithelium
did not reveal any intranuclear viral inclusion bodies.
Immunosuppression was rapidly tapered. The patient

was treated with valganciclovir for another month. P1was
discharged home 4 days later and had viral syndrome
symptoms for 2 more weeks. The BAL culture returned
positive for AdV 6 days after discharge. He was seen in
clinic 1month later andwas completely recovered. Electron
microscopy, immuno£uorescence staining, and PCR evalu-
ation of the nephrectomy tissue con¢rmed AdV.

P1 AdV testing
Baseline renal graft biopsy at the time of transplantation
was negative for AdV by PCR. Also negative for AdV by
PCR were P1’s renal graft biopsy on POD 9 and serum
samples pre-transplant and early post nephrectomy.
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Immunohistochemistry and PCR testing for AdVwere pos-
itive on P1’s nephrectomy specimen.This tissue was sent to
the Adenoviral Consortium, University of Iowa, for typing
and returned Ad34. P1’s BAL culture was positive for AdV
by cell culture and immuno£uorescence testing.

P2
P2 was a 56 -year-old African American male with renal
failure due to glomerulonephritis, who was on hemodialy-
sis for 6 years. He had type II diabetes, hypertension,
hypercholesterolemia, and gout. He presented in stable
condition, with a benign exam and clear chest x-ray. His
PRA was 0%. P2 had a negative T-cell AHG-CDC cross-
match and CDC B-cell crossmatch on the day of transplan-
tation.
P2 also received our standard induction with 3 doses of

ATG (total 5 mg/kg) and maintenance tacrolimus, MMF,
and prednisone. He also received prophylactic therapy
with valganciclovir 450 mg a day and trimethoprim/sulfa-
methoxazole once every other day. P2 had early renal graft
function and was discharged on POD 7 with a creatinine of
2.8 mg/dL from 13.0 mg/dL before surgery. His creatinine
stabilized at 2 mg/dL. An implantation, reperfusion renal
graft biopsy demonstrated no intrinsic abnormalities with
mild acute tubular necrosis.
On POD 19, after being home for 2 weeks, P2 had fever

and dysuria. Upon admission, he had wheezing and fevers.
At discharge 14 days later, cultures obtained from BAL,
blood, and urine were negative for bacteria, fungi, and
viruses. Twelve days after discharge, the urine returned
positive for AdV. In response, the patient’s MMF was
decreased from 1g twice a day (b.i.d.) to 500 mg b.i.d. and
valganciclovir was increased to 900 mg b.i.d. for 3 months,
then tapered to 450 mg once a day for another 6 weeks.
The patient’s creatinine increased from 2.0 to 2.6 mg/dL

at the time the AdVurine result returned.This prompted a
biopsy at 7 weeks post transplant to evaluate for rejection
versus viral injury. The biopsy showed Ban¡ 1B acute cel-
lular rejectionwith severe tubulitis and negative C4d stain-
ing. The patient responded to a short steroid pulse and his
creatinine declined to his baseline range of 1.7^2.0 mg/dL
within 5 days. A follow-up biopsy 1 month later revealed
no rejection or viral cytopathic e¡ect. P2 had several repeat
urine cultures that were negative for AdV and he has a
serum creatinine of 1.5^1.6 mg/dL at 7 years of follow-up.

P2 AdV testing
AdV typing was attempted on P2’s positive AdV urine cul-
ture collected on POD19.The virus did not type positive for
serotypes 1 through 11 or 19 through 24 (FocusTechnologies
Inc., Cypress, California, USA).

Patient 3 (P3) with Donor (D2)

D2
D2 was a 4 -year-old who died from severe burn injury with
a prolonged stay in the intensive care unit.

P3
P3 was a 52-year-old African American, unsensitized, with
renal failure due to focal segmental glomerulosclerosis and
on chronic warfarin therapy for an aortic valve replace-
ment, who received a pediatric graft from D2. P3 had a neg-
ative AHG-CDC T-cell and CDC B-cell crossmatch. He
received 30 mg of alemtuzumab induction with tacrolimus,
MMF, and prednisone. Because of prolonged delayed graft
function (DGF), prednisone was not stopped, but was
decreased to 10 mg by POD 5 and then to 5 mg at 1 month.
His course was complicated by DGFand a perirenal hema-
toma due to rapid systemic anticoagulation to protect the
patient’s mechanical aortic valve.The patient required out-
patient hemodialysis on an as-needed basis. P3 received
open protocol biopsies on POD 8 and 20 because of his
slowly resolving DGF and anticoagulation. These revealed
only acute tubular necrosis with no signs of rejection or
viral injury. The patient’s creatinine was on a slow down-
ward trend o¡ hemodialysis, when it suddenly increased
from 4.1 to 5.3 mg/dL.
The biopsy on POD 43 was interpreted as areas of necro-

sis with microabscesses, prompting an urgent graft
nephrectomy in this patient with a mechanical heart valve
(Figs. 1 and 2).The nephrectomy pathology showed a focal
in£ammatory patternwith areas of infarction suggestive of
AdV infection, with no rejection. There was at least 15%
gross infarction due to AdVand the graft was PCR positive
for AdV. The patient recovered after nephrectomy and was
restarted on hemodialysis.

P3 AdV typing
P3’s serum from the day before nephrectomy was sero-
typed Ad2, while the nephrectomy specimen returned
Ad6. A serum from the day of transplant was negative.
Serum 5 days after nephrectomy remained AdV positive,
but returned negative 2 and 6 weeks later. All samples from
P3 were serotyped at the same time by the Adenoviral
Consortium.

Discussion

These case presentations include the ¢rst case we could
¢nd in the literature demonstrating the likely transmission
of AdV to 2 recipients of renal grafts from the same donor.
Although we could not de¢nitively subtype the AdV from
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P2’s urine, as it was inadvertently discarded, the negative
results (Ad 1^11 and 19^24) we did obtain are consistent
with the Ad34 found in P1.The onset of P1’s AdV infection
on POD 24 did not allow for AdV testing in various tissues
from the donor (D1).We do know that a renal biopsy at the
time of transplant was negative by PCR analysis. The
relatively early onset of the AdV infections in both of
the recipients (POD 24 in P1’s renal graft and POD 19 in
P2’s urine culture) from the same donor, and the recipients’
ages of 44 and 56 years, argue against both recipients
developing spontaneous AdV infections independent of
the donor graft.
Both recipients received anti-lymphocyte induction ther-

apy with ATG. The total dose employed of 5 mg/kg is
common in immunologically higher risk recipients and in
high-risk organ situations, such as DGF, and in rapid
steroid discontinuation protocols (11^13). Despite anti-
lymphocyte induction, both recipients had early rejection
episodes while on tacrolimus, MMF, and prednisone
maintenance therapy with good initial graft function.We

may speculate that the presence of AdV in the graft tissue
triggered rejection as has been described in cardiac trans-
plantation (14). P1’s high alloantibody level before trans-
plantation is likely responsible for the di¡erence in
intensity of his rejection episode from P2, who was immu-
nologically na|« ve.
The third patient received alemtuzumab induction that is

more e¡ective inT-cell depletion than a short course of ATG
(15). He did not require treatment for acute rejection. His
AdV infection was detected while he was asymptomatic
because of protocol renal biopsies for resolving DGF.
The 23 -year-old donor (D1) likely transmitted Ad34, a

serotype associated with renal tropism in the immunocom-
promised host (16, 17 ).The 4 -year-old donor (D2) appears to
have transmitted Ad2 and 6 to the recipient. Both are com-
mon in the pediatric age group, with Ad2 seen in infant
gastroenteritis. Ad2 and 6 are uncommon in transplant
recipients and the young age of the donor is likely the
reason for this unusual transmission.
These cases were the only clinically apparent AdV infec-

tions in adult transplant patients at our institution over
several decades, and the ¢rst to result in graft dysfunction
or loss. Antiviral drugs are not believed to be very e¡ective
against AdV, limiting treatment options to reduced
immunosuppression and possibly passive immune en-
hancement with IVIg. The profound immunosuppression
of multiple courses of plasmapheresis after ATG induction
and maintenance triple immunosuppression therapy pre-
vented P1’s immune system from controlling this usually

Fig. 1. Patient 3. Kidney allograft biopsy on postoperative day 43, day of
graft nephrectomy. Nephritis and kidney parenchyma destruction with
erythrocyte extravasation.The adjacent cortical and medullary zones re-
vealed small areas of in£ammation, mononuclear cell elements, as well as
polymorphonuclear leukocytes, with focal segmental destruction of the
tubular epithelial cell layer. In these areas only, scattered rare atypical
epithelial cell nuclei were found.The tubular compartment demonstrated
di¡use signs of injury with dilatation. Hemorrhage was only found in ar-
eas of frank necrosis. Immunohistochemical staining performed on for-
malin-¢xed and para⁄n-embedded tissue sections to detect SV40 (‘pan
polyoma virus antigen’) as well as the immediate early cytomegalovirus
antigen was negative. The glomeruli did not reveal any diagnostic accu-
mulation of immunoglobulin (Ig)G, IgA, IgM, complement factor C3, com-
plement factor C1q, or k and l light chains.The complement degradation
product C4d was not detected along peritubular capillaries (hematoxylin
and eosin staining, magni¢cation � 10).

Fig. 2. Patient 3. Intranuclear inclusions. Very rare nuclei (presumably
tubular epithelial cells) were enlarged with a smudgy appearance, sug-
gestive of an adenovirus infection (hematoxylin and eosin staining, mag-
ni¢cation � 20). Gram stain, acid-fast bacilli (Ziehl^Neelsen incubation),
as well as fungal organisms (GMS incubation) (not shown) did not reveal
any infectious agents.
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harmless virus. The use of an infected donor graft along
with alemtuzumab induction and triple therapy immuno-
suppression may explain the increased susceptibility of
P3 to his AdVchallenge.
Concerning to us was the inability of serum PCR testing

to reliably demonstrate circulating AdV from serum of
clearly infected patients, including days surrounding graft
nephrectomy (P1).This was intriguing, considering P1 had
a BAL culture obtained 48 h before nephrectomy that was
eventually positive. The epithelial tropism of AdV may
require nonserum samples for better sensitivity (4, 6, 18).
An alternative explanation may be found in a review of
the literature concerning AdV infection and detection.
Detection of AdV from nonblood sites such as stool, urine,
and nose/throat swabs tends to poorly correlate with severe
disease unless the virus is isolated from multiple sites (6).
Two investigators have shown that bone marrow trans-
plant recipients may have only nonblood positive sites with
a range of clinical ¢ndings from asymptomatic to moderate
disease such as hemorrhagic cystitis or enteritis (19, 20).
Both studies show that when serum contains high levels
of detectable AdV by PCR, mortality is high. McLaughlin
et al.’s investigation (4) notes only1 pediatric SOT recipient
with a positive blood PCR.This patient was a liver recipient
with AdV hepatitis. Another patient in that report had an
AdV infection by immunostaining of a lung biopsy, but neg-
ative blood and intestinal graft biopsy by PCR analysis.
These ¢ndings led the author to conclude that culture of
appropriate specimens, evaluation of histology, and PCR
techniques should all be routinely used. Our patient, who
was serum PCR positive around the time of his nephrec-
tomy (P3), was asymptomatic and recovered quickly. His in-
fection with pediatric strains Ad2 and 6 may explain this.
The fact that he was subtyped with Ad2 from his serum
and Ad6 from his graft is unexplainable to us.The subtyp-
ing methodology is molecularly based and the Iowa Adeno-
viral Consortium is highly con¢dent of their results.
Clearly, the 4 -year-old donor (D2) who succumbed to severe
burn injury was at high risk for viral reactivation.
The rapid appearance of AdVa few weeks after a renal

biopsy with no histological or PCR evidence of AdV in
2 di¡erent patients (P1 and P3) emphasizes the swift rate
at which AdVcan reactivate and overtake an allograft.
Others have recently described PCR testing to detect low

levels of AdV in asymptomatic SOTor bone marrow trans-
plant recipients (4, 21, 22). This strategy may allow for early
decrease in immunosuppression and reduced morbidity and
mortality. The detection of AdV by PCR in serum from
asymptomatic liver, heart, and kidney recipients in a recent
surveillance study did not correlate with clinical events (5).
McLaughlin et al. (4) acknowledge that intestinal biopsies
may be positive by PCR testing owing to latent virus and
may require culture of specimens in asymptomatic patients.

Humar et al. (23) found low-level AdVviremia in lung recipi-
ents that was common and of no clinical consequence.To add
to the present state of uncertainty, the detection of AdV in pe-
diatric cardiac allograft recipientsmaycorrelatewithboth in-
creased risk of rejection and graft loss (14).
The transplant community should pay close attention to

these viral diseases in the latest trend of potent induction
therapy with steroid-free maintenance immunosuppression.
V|ral nephritis should be considered in recipients with unex-
plained rise in creatinine after lymphocyte-depletion therapy.
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