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□ CASE REPORT □

Adenovirus Pneumonia Presenting with Nodular Shadows
on Chest X-ray in Two Unrelated Allogeneic

Bone Marrow Transplant Recipients
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Abstract

Adenoviruses are increasingly recognized as important pathogens following allogeneic stem cell transplan-

tation. We herein report two cases of disseminated adenovirus infection that presented with nodular shadows

on chest X-ray after allogeneic bone marrow transplantation from unrelated donors. Both patients died of res-

piratory failure. Autopsies revealed adenovirus infection of multiple organs. Adenovirus infection should be

suspected when nodular lung lesions of unknown origin appear in allogeneic stem cell transplant recipients.
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Introduction

Adenovirus infections exhibit a worldwide distribution

and occur throughout the year. Although most cases are self-

limited, infections in immunocompromised hosts can be fa-

tal. The clinical manifestations of adenovirus infection in

transplant recipients range from asymptomatic excretion to

disseminated infection with multiorgan failure and death (1).

Cidofovir is currently the most effective agent in such cases,

although it often demonstrates limited efficacy in severely

immunocompromised patients (2).

We herein report two cases of disseminated adenoviral in-

fection in which the patients displayed nodular shadows on

chest X-rays and were diagnosed at autopsy. We also discuss

the relevance of previously reported risk factors for adenovi-

rus infection in these cases.

Case Reports

Case 1

A 50-year-old man was diagnosed with IgA-λ multiple

myeloma in March 2006. He achieved a partial response to

the VAD (vincristine, doxorubicin and dexamethasone) regi-

men and received an autologous peripheral blood stem cell

transplant following high-dose melphalan therapy. He devel-

oped hepatomegaly and systemic lymphadenopathy in June

2007 and was diagnosed with diffuse large B-cell lymphoma

due to the transformation of multiple myeloma. Following

the administration of chemotherapy with the R-ESHAP (ri-

tuximab, etoposide, methylprednisolone, high-dose cyta-

rabine and cisplatin) and R-HyperCVAD (rituximab, hyper-

fractionated cyclophosphamide, vincristine, doxorubicin and

dexamethasone) regimens, he received an allogeneic bone

marrow transplant (BMT) from an HLA-matched unrelated

donor with a reduced-intensity conditioning regimen in Feb-

ruary 2008. He subsequently developed abdominal pain and

macroscopic hematuria on day 20 post-transplantation. Com-
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Figure　1.　Chest radiograph and CT images in Case 1. A: A chest radiograph showing bilateral 
patchy areas. B: A CT image showing a nodule surrounded by ground-glass attenuation in the right 
lung and patchy ground-glass attenuation in the left lung.

Figure　2.　Autopsy findings in Case 1. A: Macroscopic findings showing multiple hemorrhagic areas 
with necrosis in both lungs. B: A Hematoxylin and Eosin  stained lung specimen showing virus-infect-
ed lung alveolar epithelial cells containing intranuclear inclusion bodies (×1,000). Arrowheads: 
smudge cells. C: Immunohistochemical staining for adenovirus (×400).

puted tomography (CT) images showed bilateral hydroneph-

rosis and hydroureter. Adenovirus was detected in the pa-

tient’s urine, but not in his peripheral blood, on PCR. He

was diagnosed with hemorrhagic cystitis caused by adenovi-

rus. Continuous bladder irrigation gradually relieved his ab-

dominal pain. However, he began to complain of dyspnea

on day 38. CT images revealed lung nodules surrounded by

ground-glass attenuation Fig. 1A, B). Despite treatment with

various antibiotics, antifungal agents and ganciclovir, his

respiratory status deteriorated. He died of respiratory failure

on day 58 post-transplantation. An autopsy was performed

8.5 hours after his death, which revealed multiple hemor-

rhagic areas with necrosis in both lungs (Fig. 2A). A micro-

scopic examination demonstrated virus-infected lung alveo-

lar epithelial cells containing intranuclear inclusion bodies

(Fig. 2B) that were positive for adenovirus immunostaining

using anti-adenovirus antibodies specific to a hexon

polypeptide (Fig. 2C) and negative for cytomegalovirus and

herpesvirus. Virus-infected cells were also found in the kid-

neys, lower esophagus and jejunum. Therefore, a pathologi-
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Figure　3.　Chest radiograph and CT images in Case 2. A: A chest radiograph showing a nodule in 
the right lung. B: A CT image showing a nodule surrounded by a halo of ground-glass attenuation.

cal diagnosis of disseminated adenovirus infection was

made.

Case 2

In October 2008, a 41-year-old woman received an allo-

geneic BMT for the treatment of acute myelogenous leuke-

mia. Despite achieving complete donor chimerism, the pa-

tient’s hematological recovery was incomplete, and she re-

quired regular transfusions of red blood cells and platelets.

Tacrolimus was discontinued on day 199, as there were no

signs of graft-versus-host disease (GVHD). Approximately

10 months post-transplantation, she developed erythema,

liver dysfunction with an elevated serum bilirubin level and

sicca symptoms. She was diagnosed with extensive chronic

GVHD based on the findings of skin and liver biopsies, and

treatment with 1 mg/kg of oral prednisolone was initiated.

Cyclosporine was added 70 days after the start of treatment

with prednisolone alone. Although the patient’s erythema

and sicca symptoms improved, the liver dysfunction further

deteriorated. A chest X-ray performed on day 427 showed a

nodule in the right upper lung (Fig. 3A). Thin-section CT

images revealed a 30-mm nodule surrounded by a halo of

ground-glass attenuation in the upper lobe of the right lung

(Fig. 3B). Despite intensive treatment with antifungal

agents, antibiotics and ganciclovir, the patient’s pneumonia

rapidly progressed. Peritonitis occurred on day 430, and she

died of multiorgan failure on day 435.

An autopsy was performed two hours after her death,

which revealed a 40×30-mm necrotic lesion surrounded by a

hemorrhagic area in the right upper lobe with scattered foci

of hemorrhage and sclerosis in the background (Fig. 4A).

Microscopically, the alveoli in the necrotic lesion were filled

with necrotic exudate, nuclear debris and neutrophils. There

were scattered virus-infected cells with intranuclear inclu-

sion bodies of Cowdry type A, full and smudge types, and

the inclusion bodies in and around the necrotic lesion were

immunoreactive for adenovirus (Fig. 4B, C). Gram, PAS and

Grocott staining did not detect any bacteria or fungi in the

lungs. Findings compatible with pleuritis of the right pleural

cavity and peritonitis under the diaphragm with gelatinous

fibrin exudate were noted. There were several adenovirus-

infected cells in these lesions and in the liver and adrenal

glands. Taken together, the patient was diagnosed with a

disseminated adenovirus infection.

Discussion

In hematopoietic stem cell transplant (HSCT) recipients,

adenovirus can be detected in the stool, secretions from the

nose and throat and sputum two to 150 days post-

transplantation (3). Children are at greater risk of developing

adenovirus infection than adults (3, 4). Other risk factors in-

clude treatment with alemtuzumab (5), T cell depletion in

grafts (6), acute GVHD (7, 8) and severe lymphocytopenia

(less than 0.3×109/L) at the time of first detection (6). Dis-

seminated adenovirus disease is defined as the involvement

of two or more organs (9, 10).

The first patient developed pneumonia after suffering

from hemorrhagic cystitis during the early post-transplant

period. Adenovirus was detected in the patient’s urine only

11 days prior to the development of pneumonia. The detec-

tion of adenovirus in the urine rarely indicates disseminated

infection (11). We did not treat the first patient with antivi-

ral agents because his hematuria remitted, and no adenovirus

was detected in his blood. Although there were no clinical

signs of acute GVHD when the patient developed pneumo-

nia, his lymphocyte count was less than 0.5×109/L.

The second patient developed pneumonia during the treat-

ment of chronic GVHD one year after undergoing stem cell

transplantation. Lymphocytopenia persisted due to steroid

and cyclosporine treatment. She did not have any respiratory

symptoms when the lung nodule was detected on CT.

Pulmonary nodules and nodular infiltrates, such as those

found in the present two cases, may be caused by fungi and

bacteria in HSCT recipients undergoing active immunosup-

pressive therapy (12). The halos of ground-glass attenuation
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Figure　4.　Autopsy findings in Case 2. A: A cut surface shows a 40×30-mm necrotic lesion in the up-
per lobe of the right lung (arrow). B: A Hematoxylin and Eosin stained lung specimen showing exu-
date with a few neutrophils and nuclear debris filling the alveolar space. The presence of virus-infect-
ed cells containing intranuclear inclusion bodies suggests adenovirus infection (×200). Arrows: 
Cowdry type A inclusion bodies, Arrowheads: smudge cells. C: The intranuclear inclusion bodies 
exhibit immunoreactivity for adenovirus (arrows). Immunostaining for adenovirus and methyl green 
(×400).

surrounding the nodules observed in our cases are often

seen in patients with invasive pulmonary aspergillosis (IPA).

The distinguishing shadow is formed by a central necrotic

area surrounded by hemorrhage or hemorrhagic infarction

due to the proliferation of Aspergillus organisms that spread

transbronchially to adjacent pulmonary arterioles (13).

The similarity in the CT and histopathological findings

observed between our cases and IPA suggests that adenovi-

rus infections in severely immunocompromised hosts can

cause vascular invasion, leading to the formation of nodular

shadows with the halo sign.

The mortality rate of all forms of adenovirus infection in

HSCT recipients is 26%, while adenovirus pneumonia and

disseminated disease tend to show a worse outcome with

rates ranging from 50% to 80% (1). Ribavirin (14-17) and

cidofovir (2, 18-23) are used to treat adenoviral infections,

with cidofovir having been found to be the most effective

thus far (2). However, even cidofovir has limited efficacy

once adenovirus disease develops. The efficacy of quantita-

tive viral load measurement followed by the administration

of preemptive cidofovir therapy has been re-

ported (19-22, 24). Although most of these reports were

small retrospective studies, preemptive cidofovir therapy is

associated with clinical improvements leading to increased

survival (2).

Lymphocyte recovery is crucial for the prevention of or

recovery from adenoviral disease (25, 26). The adoptive

transfer of adenovirus-specific T cells to pediatric HSCT re-

cipients with adenovirus infection may reduce the viral load

and improve the patient’s symptoms (27, 28). The early de-

tection of adenovirus in the peripheral blood or on organ bi-

opsies and the development of new drugs are crucial for the

management of adenovirus infection in HSCT recipients.
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