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Adenovirus is a nonenveloped, double-stranded DNA

virus that infects epithelial cells of various organs and

causes a wide spectrum of diseases including bronchioli-

tis, pneumonia, pharyngoconjunctival fever, epidemic

conjunctivitis and enteritis [1,2]. In immunocompro-

mised patients such as stem cell (SC) and solid organ

transplant recipients, cancer patients who had chemother-

apy or radiation, and HIV-infected individuals, systemic

disease with lung, liver, and kidney involvement may

develop. Amongst transplant patients, SC and intestinal

recipients are at the highest risk [3–5]; children seem to

be more commonly affected [6]. The virus may be trans-

mitted with the allograft [7]. Type of illness and adenovi-

ral serotype vary according to the underlying disease,

patient age and affected organs [8]. Only 20 articles on

adenovirus nephritis have been published, most cases

developed in SC- and renal transplant (RT) recipients

(n = 10) in most cases associated with intensified immu-

nosuppression [9–15]. One RT recipient with adenoviral

hepatitis without renal involvement and another with

adenoviral hemorrhagic cystitis without nephritis were

reported [16,17]. Hemorrhagic cystitis rarely disseminates

[18]. Graft nephritis after RT may also be caused by other

viruses including polyomavirus (PV), cytomegalovirus

(CMV), herpes simplex virus (HSV) and Hantavirus

amongst many others, commonly triggered by depleting

antibodies such as antithymocyte globulin (ATG), mu-

romonab (OKT3) or alemtuzumab [19–23]. Rituximab is

used for treatment of post-transplant lymphoproliferative

disorders [24–28], antibody-mediated rejection and pre-

conditioning of patients with high levels of preformed

panel reactive antibodies (PRA) [29]. Similar to other

depleting agents, this anti-CD20 antibody increases the

infection risk [30,31].

Our 27-year-old African American man with focal seg-

mental glomerulosclerosis underwent RT in 2000 and

transplant nephrectomy subsequently. He underwent

desensitization therapy with plasmapheresis, intravenous

immunoglobulin (IVIG), and rituximab, as the PRA level

was 53% (antibodies directed against DQ7). PRA levels

dropped to <5% and living donated re-RT was performed

without complications. Initial immunosuppression

included ATG induction, tacrolimus (TAC) with trough

levels of 8–12 ng/ml, mycophenolate mofetil (MMF) and

(a) (b) (c)

Figure 1 (a) Amphophilic glassy inclusions within enlarged tubular epithelial cell nuclei (H&E ·400). (b) Well-defined interstitial granuloma in a

background of severe interstitial inflammation adjacent to affected tubules (PAS ·400). (c) Positive immunohistochemical staining for adenovirus

in enlarged tubular epithelial cell nuclei.
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a steroid taper. The patient was discharged with a serum

creatinine of 1.3 mg/dl. Biopsy-proven acute antibody-

mediated rejection at 2 months post-RT was successfully

treated with another course of rituximab and bolused ste-

roids. Four months later, he was admitted with hematuria

and a serum creatinine of 2.4 mg/dl. Urine analysis

showed bacteriuria and a positive leukocyte esterase;

therefore, ciprofloxacin was started for suspected urinary

tract infection. Ultrasound revealed a renal cyst, but nor-

mal resistance indices. Allograft biopsy suggested acute

antibody-mediated rejection (Banff IIo) and no viral

inclusions; immunohistochemical staining for PV and

CMV were negative. Serum CMV PCR was negative, as

was serology for HSV. Empiric ganciclovir was stopped as

CMV PCR remained negative. Repeat biopsy performed

2 weeks later excluded rejection, but revealed numerous

enlarged tubular cells with amphophilic glassy nuclear

inclusions, highly suspicious for viral tubulitis (Fig. 1a).

The tubules demonstrated severe localized damage with

associated granuloma formation and severe mixed acute

and chronic interstitial inflammation (Fig. 1b). Interstitial

hemorrhage was mild. Immunohistochemical staining for

CMV, PV, and HSVI, II was negative. Adenovirus was

demonstrated by immunohistochemistry at Fred Hutchin-

son Cancer Research Center (Fig. 1c) and adenovirus

serum PCR results returned positive. MRI excluded any

vascular complication but revealed mild thickening of the

bladder. Cystoscopy with bladder biopsies showed cystitis

cystica. MMF was stopped and TAC trough levels lowered

to <6 ng/dl, but no antivirals were given. Renal function

slowly improved and 2 months later adenovirus was

undetectable on serum PCR. Serum creatinine had

returned to the baseline level and MMF was restarted.

Two months later, the patient developed shingles, treat-

ment with acyclovir was successful. The patient is alive

with well-functioning graft 1 year later without evidence

for recurrent adenovirus nephritis.

Our patient was exposed to intensified immunosuppres-

sion including two courses of rituximab for pre-RT desen-

sitizing and acute humoral rejection, whole plasma

exchange and ATG induction. Rituximab causes prolonged

hypogammaglobulinemia and may have played an impor-

tant role in the development of this infection. In one case,

rituximab therapy resulted in fulminant adenoviral hepati-

tis [32]. Adenovirus nephritis may be accompanied by

hemorrhagic cystitis [3,9–15,18,33–42]. Data on 10 single

patients (five men/five women) including four children

with adenovirus nephritis after RT have been published

(Table 1) [9–14,43–46]; two patients had combined kid-

ney–pancreas transplantation and in these cases the pan-

creas allograft was not involved. Onset post-RT ranged

between few weeks to several years and only in three cases

cystitis or systemic infection was also observed. In all

cases, once diagnosis was made, the outcome was favor-

able. There was no unique therapeutic approach. Some

patients responded to reduction in the level of immuno-

suppression; applied antiviral agents included cidofovir,

ribavarin, imunoglobulins, ganciclovir/acyclovir and alpha

interferon. Eight of the 11 cases (including the patient

covered in this report) were treated during the past

5 years. Two cases of adenoviral nephritis (Table 2)

involved immunocompetent individuals and both had

good outcome [16,47]; two HIV-infected patients with

adenovirus nephritis died from other opportunistic infec-

tions [33,48]. Six articles on adenovirus nephritis in SC

recipients including three case reports had been published;

one series also included chemotherapy patients [3,34,49–

53]. One large series comprised only autopsy cases and

in the largest published series, the majority of cases were

also diagnosed postmortem. Many patients suffered from

graft-versus-host disease [3]. The reported outcome in

renal recipients is better than that in SC recipients. This

may partially reflect earlier diagnosis and treatment in RT

patients whose graft status is being monitored by kidney

biopsies. In SC recipients and HIV patients, hemorrhagic

cystitis and necrotizing tubulointerstitial nephritis com-

monly develop together. The main goal of therapy is to

re-establish immunocompetence; our patient responded

well to significant reduction in the TAC dose and discon-

tinuation of MMF without antiviral therapy. Cidofovir has

been successfully used but may cause significant nephro-

toxicity [54]. Ribavirin and immunoglobulins have also

been used [11] and gancichovir (GCV) was found to have

a protective effect [49]. To summarize, adenoviral nephri-

tis may develop after intensified immunosuppression.

Granulomas on biopsy are highly suggestive, final diagno-

sis is made by immunohistochemistry. Reduction of

immunosuppression may reverse the condition without

need for toxic antiviral therapy.
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