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INTRODUCTION

Recent advances have decreased the 
incidence of severe acute GVHD after al-
logeneic BMT from HLA-matched siblings 
and even from HLA-mismatched related do-
nors. Moreover, CD34-positive cell selection 
has enabled stem cell grafting from HLA-
haploidentical donors [1, 2]. However, elimi-
nating T-cells from the bone marrow (BM) 
or peripheral blood stem cells (PBSC) has 
resulted in an increased incidence of severe 
infection. Most infections after CD34-selected 
transplantation are potentially life-threat-
ening, including cytomegalovirus (CMV) 
interstitial pneumonitis, Epstein-Barr virus 
(EBV) -related B -cell lymphoproliferative 
disorder (BLPD). Infection with adenovirus 
may cause interstitial pneumonitis, hepatitis, 
and hemorrhagic cystitis after conventional 

BMT [3 -5], but hemorrhagic enterocolitis 
has not been noted until now. Moreover, it 
has not been emphasized that the laboratory 
findings of severe adenovirus infection is 
similar to that of TMA.

We report a case of fatal hemorrhagic 
enterocolitis caused by adenovirus indistin-
guishable from severe thrombotic microangi-
opathy (TMA) after CD34-selected PBSCT. 

CASE REPORT

A 10-year-old boy with pre-B ALL in sec-
ond relapse received a stem cell transplant 
from his HLA-haploidentical father on 
November 4, 1998 because an HLA-suitable 
donor was not found through the Japan 
marrow donor program (JMDP) or the 
national marrow donor program (NMDP). 
Unrelated cord blood bank was not avail-
able on that time. He had good performance 
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A 10 -year-old boy with acute lymphoblastic leukemia in second relapse received 
CD34＋ purified allogeneic peripheral blood stem cell transplantation (PBSCT) from his 
HLA-haploidentical father. The patient developed grade II acute GVHD and received high-
dose methyl-prednisolone starting on day ＋13 posttransplant. Renal dysfunction followed 
by massive gastrointestinal bleeding was observed from day ＋14. The laboratory findings in-
cluding elevated serum LDH, increased RBC fragmentation, higher level of thrombomodulin 
and undetectable haptoglobin corresponded with the diagnosis of thrombotic microangiopa-
thy (TMA). In spite of various treatments, the patient died of multiple organ failure on day 
＋93. Post-mortem examination revealed systemic adenovirus infection without histological 
findings of TMA. Severe adenovirus infection may be confused with TMA, and should be 
distinguished by rapid virological assay.
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status, normal physical examination, and 
no active infection. CD34＋ purification 
from granulocyte-colony stimulating fac-
tor (G-CSF) -mobilized PBSC was used for 
prophylaxis of GVHD. Written informed 
consent was obtained from his parents, and 
this procedure was approved by the ethics 
committee of Tokai University. 

The conditioning regimen consisted of 
TBI, etoposide (VP-16), and cyclophospha-
mide (CY). TBI was given in a total dose 
of 12 Gy in 5 fractions on days －8 to －6, 
etoposide was given in a dose of 60 mg/kg 
on day －5, and CY was administered in 
a dose of 60 mg/kg/day on days －3 to 
－2. The date of first stem cell infusion was 
designated as day 0. For stem cell mobiliza-
tion, the donor received 10 µg/kg G-CSF 
(filgrastim) on days －5 to 0, and leuka-
pheresis was performed on days 0 and ＋ 1. 
The apheresis products were processed for 
CD34＋ purification using the Isolex 50 cell 

separation system (Baxter-Immunotherapy, 
Santa Ana, CA). PBSC were infused into the 
patient through a central venous catheter 
on day 0 and ＋1. The total CD34 dose was 
18.9×106/kg, with a total of 11.3×104/kg 
of CD3＋ cells. G-CSF was not administered 
after stem cell grafting, and prophylaxis for 
GVHD was not given. The clinical course is 
shown in Fig. 1.

Hematologic recovery was prompt, with 
absolute neutrophils ＞0.5×109/l on day 
＋11, and white blood cells ＞1×109/l on 
day ＋12 . However, recovery of both red 
blood cells and platelets was delayed, and 
the patient was dependent on transfusion. 
Engraftment was confirmed by HLA typing 
on day ＋14. Staphylococcus epidermidis sepsis 
was diagnosed on day ＋1, and antibiotics 
were administered. Although sepsis abated, 
fever persisted, and diarrhea developed on 
day ＋4. Because preconditioning-induced 
diarrhea was suspected, 1 mg/kg/day of 

Fig. 1  Clinical course of the patient.
BT indicates body temperature; TBI, total body irradiation; VP-16, etoposide; CY, cyclophos-
phamide; PBSCT, peripheral blood stem cell transplantation; CyA, cyclosporine A; MTX, 
methotrexate; m-PSL, methylprednisolone; rG-CSF, recombinant granulocyte-colony stimulat-
ing factor; ACV, aciclovir; GCV, ganciclovir; ACE, angiotensin-converting enzyme; TB, total 
bilirubin.
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prednisolone (PSL) was administered, and 
the fever resolved. The fever recurred on 
day ＋7, and skin rash developed on day 
＋11. Acute GVHD was suspected, and the 
PSL dose was increased to 2 mg/kg/day. 
The skin rash became systemic erythema, 
and the total bilirubin began to increase 
on day ＋13, therapy was changed to high-
dose methyl-prednisolone (methyl-PSL) at 1 
g/m2/day, methotrexate at 15 mg/m2, and 
cyclosporine A (CyA) at 3 mg/kg. The fever 
and skin rash resolved immediately, and di-
arrhea disappeared within 3 days. However, 
total bilirubin increased to 5.0 mg/dl on day 
＋17, and massive gastrointestinal bleed-
ing, over 2 l/day, developed on day ＋20. 
Leukopenia, renal dysfunction, elevated lac-
tate dehydrogenase, fragmented RBCs and 
increased thrombomodulin were observed. 
Serum haptoglobin was under the detectable 
level. Because thrombotic microangiopathy 
(TMA) was suspected, CyA was stopped, and 
methyl PSL was tapered rapidly. Massive 
melena persisted, and intensive treatment 
including low molecular weight heparin, an-
giotensin-converting enzyme inhibitor, fresh-
frozen plasma, and prostaglandin E was in-
stituted. In spite of these intensive treatments, 
the patient died of multiple organ failure 
on day ＋93. Both elevated lactate dehydro-
genase and increased thrombomodulin had 

persisted until the time of death.
Weekly examination for CMV antigen-

emia showed only a single positive (2 per 15
×104 cells) study on day ＋33, and EBV 
genome-PCR was persistently negative. 

Results of postmortem examination
By light microscopy, there was severe de-

generation and necrosis of intestinal epithelial 
cells associated with intranuclear inclusions 
and ‘smudge cells’ characteristic of adenovirus 
infection (Fig. 2a). Nuclear inclusion bodies 
in the epithelial cells of the bronchi were also 
observed. There were many viral particles, 
which diameters were about 80 nm and were 
arranged, in orderly rows (Fig. 2b). These 
electron-microscopic findings were corre-
sponding to adenovirus infection. 

Cutaneous and intestinal GVHD were 
observed; however, both changes were mild 
and did not contribute to the cause of death. 
There were no microthrombi in the intestinal 
vessels, and or other organs, and TMA was 
not found.

DISCUSSION

Adenovirus infection in patients receiving 
stem cell grafting can be a significant cause 
of morbidity and mortality. Adenovirus has 
been isolated from many sites in 5 to 20% 
of patients undergoing BMT and has been 

Fig. 2   a: There is severe degeneration and necrosis of intestinal epithelial cells associated with intra-
nuclear inclusions and ‘smudge cells’ by light microscopy. Hematoxylin and eosin, orig. mag. 
×250. 
b: There are many viral particles, which diameters were about 80 nm and were arranged, in 
orderly rows in intestinal epithelial cells. These electron-microscopic findings were correspond-
ing to adenovirus infection.

a b
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shown to cause invasive disease in 20% of 
these patients. As a clinical manifestation, 
severe pneumonitis, hepatitis with or without 
hepatic necrosis, pancreatitis, hemorrhagic 
cystitis, nephritis, and disseminated disease 
have been reported. Some patients develop 
gastroenteritis, but the frequency of massive 
gastrointestinal bleeding is low. Our case 
presented with massive intestinal hemor-
rhage and TMA-like findings, including an 
elevated LDH schistocytes.

TMA usually occurs 1 to 6 months post-
transplantation, and consists of thrombo-
cytopenia and microangiopathic hemolytic 
anemia [6]. It is well known that the labora-
tory findings including elevated LDH, frag-
mented RBCs, and undetectable haptoglobin 
are necessary to diagnose TMA. Kanamori 
et al. [7] reported higher level of thrombo-
modulin was observed in patients with TMA. 
Zeigler et al. [8] developed a grading system 
for the severity of TMA based on the LDH 
level and the percentage of fragmented RBCs 
which correlated with poor outcome. We 
found that the laboratory findings of severe 
adenovirus infection may resemble that of 
TMA. It is shown that adenovirus infect and 
replicate in human venous endothelium [9]. 
This endothelial injury is important in the 
pathogenesis of thrombosis, disseminated in-
travascular coagulation, and vasculitis. Thus, 
severe adenovirus infection is considered to 
cause TMA-like laboratory findings.

TMA is associated with GVHD prophy-
laxis consisting of CyA and glucocorticoids 
with or without methotrexate [10, 11]. Our 
case developed renal dysfunction and mas-
sive melena soon after the starting high-dose 
methyl-PSL and CyA, mimicking the onset 
of TMA. High-dose methyl-PSL for the treat-
ment of acute GVHD may also induce viral 
reactivation.

One of the maj or causes of fatal ad-
enovirus infection is delayed recovery of 
immunocompetent cells after CD34＋ cell 
transplantation. Severe viral infection often 
complicates T-cell-depleted BMT as a result 
of delayed immune reconstitution. Since the 
residual T-cell number after CD34＋ selection 
is less than one-tenth of those remaining 
after conventional T-cell depletion [1], T-cell 
recovery after CD34＋ selected transplanta-
tion is much slower. To improve immune re-
covery after CD34＋ selected transplantation, 
rG-CSF mobilized PB was used instead of BM 

because faster recovery of T-cells is obtained 
after allotransplantation of PBSC compared 
to BM [12] with or without CD34＋ selection. 
However, even after autotransplantation of 
PB CD34＋ cells, the incidence of CMV infec-
tion is much higher than with unseparated 
PBSCT. Childs et al. [13] reported that 9 of 
56 patients who received T-cell depleted BMT 
and CyA developed a viral infection (adeno-
virus in 4, and polyomavirus in 4). Although 
hemorrhagic cystitis is not associated with 
the dose of CD34＋ progenitors or CD3＋
cells, life-threatening adenovirus-induced 
hemorrhagic cystitis may be caused by im-
munodeficiency after T-cell depleted BMT. 
A higher incidence of viral reactivation was 
reported by Matsuda et al. [14] for CMV and 
human herpesvirus-6 among 5 CD34＋ puri-
fied PBSC recipients. Chakrabarti et al. [15] 
reported that adenovirus infection occurred 
in 15 of 62 recipients of T-cell depleted 
grafts, compared with none of 14 patients 
receiving unmanipulated grafts. Early detec-
tion of viral reactivation using polymerase-
chain reaction based assay or enzyme-linked 
immunosorvent assay should be performed, 
and treatment including antiviral drugs, 
and donor lymphocyte infusion should be 
instituted when adenovirus infection is sus-
pected after CD34＋ selected PBSCT or T-cell 
depleted BMT.
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