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Summary:

Allogeneic hematopoietic stem cell transplantation (allo-
SCT) recipients are prone to infections. The incidences of
mycobacterial infections after allo-SCT in several case
series vary from less than 0.1–5.5%. However, no study
has been published on tuberculosis following unrelated
cord blood transplantation (UCBT). We retrospectively
reviewed medical records of 113 adult patients with a
median age of 54 years who underwent reduced-intensity
UCBT (RI-UCBT) at Toranomon Hospital from March
2002 to May 2004.Mycobacterium tuberculosis infections
were diagnosed in three patients (2.7%), of these two
patients developed primary infection and one patient
developed reactivation of latent tuberculosis. The interval
between RI-UCBT and the diagnosis of tuberculosis was
34, 41 and 61 days. All the patients had disseminated
disease at diagnosis. Histological examination showed the
lack of granuloma in caseous necrosis. Combination
antituberculous treatments showed limited efficacy, and
two patients died immediately after diagnosis.
M. tuberculosis caused life-threatening illness, rapidly
progressing in RI-UCBT recipients. The lack of granu-
loma in caseous necrosis suggests the impaired T-cell
function in early post transplant phase of RI-UCBT. We
should consider M. tuberculosis in the differential
diagnoses of fever of unknown source after RI-UCBT.
Bone Marrow Transplantation (2005) 35, 91–97.
doi:10.1038/sj.bmt.1704740
Published online 1 November 2004
Keywords: Mycobacterium tuberculosis; caseous necrosis;
miliary tuberculosis; nonmyeloablative hematopoietic stem
cell transplantation

Unrelated cord blood transplantation (UCBT) is an
attractive alternative for patients with hematologic malig-
nancies who do not have a matched related or unrelated
donor. Myeloablative UCBT for adult patients achieves
engraftment in 90% of the cases and is associated with 15%
of transplant-related mortality, mostly attributable to
infection.1 The feasibility of UCBT using reduced-intensity
regimens (RI-UCBT) for adult patients with hematologic
diseases has been reported.2–4 Studies on immune recovery
following UCBT suggested that RI-UCBT recipients may
have reduced incidences of graft-versus-host disease
(GVHD) and infectious complications.5 However, little
information is available on infections following RI-UCBT
as well as myeloablative UCBT.6–8

Mycobacterium tuberculosis (M. tuberculosis) is a com-
mon pathogen in the world. It is endemic to East Asia
including Japan. Japan conducts a nationwide program of
Bacillus Calmette-Guerin (BCG) vaccination in infants and
revaccination in school children at the age of 6, 7, 13 and 14
years since 1951 and 1954, respectively. Annual incidence
of tuberculosis decreased from 698 per 100 000 in 1951 to
31 per 100 000 in 2000. Tuberculosis mostly affects people
at the age of 60 years or older; 82% of the patients are 40
years or older.9,10 Reactivation of latent tuberculosis is
common in immunodeficient patients such as AIDS
patients and organ transplant recipients.11,12 Recent studies
on tuberculosis following allogeneic hematopoietic stem
cell transplantation (allo-SCT) have demonstrated that this
is a significant problem in endemic countries with an
incidence of 0.1–5.5%.13–21

This is the first report, to our knowledge, on tuberculosis
following RI-UCBT. Detailed description of this complica-
tion would be informative in the management of RI-UCBT.

Patients and methods

Data collection

Medical records of 113 recipients who underwent RI-
UCBT between March 2002 and May 2004 at Toranomon
Hospital were reviewed for the diagnosis of tuberculosis.
Their characteristics were shown in Table 1. All the patients
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had received BCG vaccines according to the national
vaccination program.10 No patients had undergone anti-
tuberculosis treatments prior to RI-UCBT.

The following data of the patients with tuberculosis were
collected: demographics, past medical history including
tuberculosis, the primary hematologic diseases, the pre-
sence of acute or chronic GVHD, chest radiographs,
diagnostic methods and the primary site of M. tuberculosis
infection, and the outcome of tuberculosis treatment.

Transplantation procedures and supportive care

The pretransplant evaluation of the respiratory system
included chest radiographs, high-resolution computed
tomographies (CT) and pulmonary function tests. Sputum
smears and cultures for acid-fast bacilli were not routinely
obtained.

A cord blood (CB) unit was searched through the Japan
Cord Blood Bank Network. CB units, which were available
for UCBT were 4/6 or more serologically HLA-antigen
matched and contained at least 2� 107 nucleated cells/kg of
recipient body weight before freezing.

Transplantation procedures were shown in Table 1. The
RI conditioning regimen consisted of fludarabine 25mg/m2

on days �6 to �2, melphalan 40mg/m2 on days �3 and �2,
and total body irradiation (TBI) 4Gy on day �1.
Granulocyte colony-stimulating factor was administered
from day 1 until neutrophil engraftment.

GVHD prophylaxis was either tacrolimus 0.03mg/kg or
cyclosporine 3mg/kg in a continuous infusion starting
on day �1. The diagnosis of GVHD was made based on
clinical judgment and skin or gut biopsy results to support
the clinical diagnosis. Acute GVHD was graded according

to the consensus criteria.22 When patients developed grade
II–IV acute GVHD, we initiated 1–2mg/kg/day of methyl-
prednisolone in addition to tacrolimus or cyclosporine.

Patients were managed in reverse isolation in laminar
airflow-equipped rooms. All patients received prophylaxis
with trimethoprim-sulfamethoxazole against Pneumocystis
carinii infection. They received tosufloxacine 450mg/day,
fluconazole 200mg/day and acyclovir 600mg/day for the
prophylaxis of bacterial, fungal and herpesvirus infection,
respectively. Broad-spectrum antibiotics were initiated
when neutropenic fever developed. All patients were
monitored for cytomegalovirus pp65 antigenemia once a
week. When the antigenemia turned positive, pre-emptive
therapy with foscarnet was initiated as described pre-
viously.23

Definition of M. tuberculosis infection

A diagnosis of tuberculosis was based on the identification
of M. tuberculosis on acid-fast bacilli stain of sputum,
endotracheal aspirates, bone marrow aspirates or bronch-
oalveolar lavage (BAL), or the presence of caseous
granulomas on hematoxylin–eosin staining of tissue speci-
mens.24 All of the BAL specimens were subject to
polymerase chain reactions (PCR) using M. tuberculosis-
specific primers25 and COBAS AMPLICORt system
(Roche Diagnostics KK, Tokyo, Japan).

Disease control for tuberculosis

All the staff members were screened for tuberculosis by
chest X-ray annually. Anyone with positive chest X-ray and
suggestive symptoms are not on service.

Any patients with suspected tuberculosis are placed in
respiratory isolation until three consecutive sputum sam-
ples are negative for acid-fast bacilli. Patients with the
diagnosis of tuberculosis receive the standard antitubercu-
losis treatment with rifampicin, isoniazid and ethambutol,
with or without pyrazinamide. Since rifampicin may
decrease cyclosporine concentration, cyclosporine dose
was adjusted by monitoring its blood levels.

Results

Three of the 113 RI-UCBT recipients (2.7%) developed
tuberculosis. They had no different risk factors for
tuberculosis compared with the other 110 patients. Their
detailed clinical characteristics are shown in Table 2.

Patient 1

A 67-year-old man with chronic myeloid leukemia in blastic
crisis underwent RI-UCBT in July 2003. He had no family
history of tuberculosis. Screening chest CT before trans-
plantation was normal. He developed a pre-engraftment
immune reaction on day 9,3 which was successfully treated
by methylprednisolone 0.25mg/kg. He achieved neutrophil
engraftment on day 19. He developed grade II acute
GVHD on day 24, which responded to methylprednisolone.
He developed a high-grade fever on day 61, and chest CT

Table 1 Patients’ characteristics and transplantation procedures

Variables Number

Patients characteristics
Age (median, range) 54 (17–79)
Sex (male/female) 65/48

Primary diseases
AML/MDS 46
Malignant lymphoma 41
Acute lymphoblastic leukemia 15
Severe aplastic anemia 5
Chronic myeloid leukemia 1
Plasma cell neoplasms 4
Others 1

Risk of underlying diseasesa (high/low) 108/5

Transplantation procedures
GVHD prophylaxis (cyclosporine/tacrolimus) 89/24
Number of infused CD34+cells (� 107/kg)

(median, range)
2.9 (1.7–5.2)

HLA disparity (0/1/2) 2/15/96

aWe divided the risk of transplantation into two groups. The low-risk
group was as follows: acute myeloid or lymphoid leukemia in first and
second remission, chronic myelogeneous leukemia in chronic phase and
myelodysplastic syndrome refractory anemia. The other patients were
defined as having high-risk diseases.
TBI¼ total body irradiation; AML¼ acute myeloid leukemia; MDS¼
myelodysplastic syndromes.
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on day 62 revealed small nodules in bilateral lungs,
which were 2mm in diameter. The lesions were considered
to be bacterial or fungal infection and we initiated empiric
treatments. The fever persisted despite broad-spectrum
antibiotics and antifungal agents. Follow-up CT on day 75
showed multiple cavities in bilateral lungs, which were
12mm in diameter (Figure 1a). Ziehl–Neelsen stain
and PCR of BAL specimens on day 77 were positive
for M. tuberculosis. Subsequently, M. tuberculosis was
cultured from BAL fluid and bone marrow aspirates.
On day 61, white blood cell count was 7.3� 109/l
(neutrophil 91.0%) with 95 CD4þT-cells/ml; serum IgG
was 306mg/dl. Cyclosporine was tapered and a combina-
tion therapy with isoniazid, rifampicin, ethambutol and
pyrazinamide was initiated. GVHD aggravated after
tapering of cyclosporine, which was successfully treated
with methylprednisolone 1mg/kg. On day 89, he developed
respiratory failure due to interstitial pneumonitis, requiring
mechanical ventilation. He died of multiple-organ failure
on day 116. In the post-mortem examination, almost all
organs showed necrosis without granulation (Figure 2a).
Ziehl–Neelsen stain identified acid-fast bacilli in the
necrosis.

Patient 2

A 64-year-old woman with refractory acute myeloid
leukemia underwent RI-UCBT in August 2003. She had
no history of tuberculosis. Screening chest CT showed a
small calcification nodule in the right lower lobe, which
was 10mm in diameter. She developed a pre-engraftment
immune reaction on day 9,3 which was successfully
controlled by methylprednisolone 0.25mg/kg. She achieved
neutrophil engraftment on day 23. The clinical course
had been uneventful until day 34, when a high-grade
fever developed. Chest CT on day 34 showed infiltration
in the right lower lobe, thickening of bronchial wall and
pericardial effusion (Figure 1b). The patient refused

bronchoscopy at this point. The fever persisted despite
broad-spectrum antibiotics and antifungal drugs. BAL
specimens obtained on day 43 were positive for
M. tuberculosis on PCR. The calcified nodule in the
right lobe indicated reactivation of latent tuberculosis.
Phenotype of the peripheral lymphocytes on day 43 was
shown in Table 2. Combination therapy with isoniazid,
rifampicin and ethambutol was immediately initiated.
However, it was discontinued due to hepatic toxicity. She
died of adult respiratory distress syndrome on day 57. In
the post-mortem examination, almost all organs had
necrosis without granulation, and Ziehl–Neelsen stain
revealed acid-fast bacilli in the necrotic lesions
(Figure 2b). She also had disseminated cytomegalovirus
infection.

Patient 3

A 20-year-old woman with acute myeloid leukemia in
second remission underwent RI-UCBT in November 2003.
Screening chest CT was normal. She achieved neutrophil
engraftment on day 28. The clinical course had been
uneventful until she developed a high-grade fever on day
46. She had not developed either a pre-engraftment fever or
acute GVHD.3 Chest CT showed mediastinal lymphadeno-
pathy, which was 15mm in diameter (Figure 1c). The fever
did not respond to empiric broad-spectrum antibiotics.
Bone marrow aspirates on day 65 were positive for M.
tuberculosis on PCR and culture. She subsequently devel-
oped cutaneous tuberculosis (Figure 3) with disseminated
intravascular coagulation. She was diagnosed with primary
infection of M. tuberculosis. On day 46, white blood cell
count and serum levels of IgG were 5.6� 109/l (neutrophil
84.5%) and 1180mg/dl, respectively. Phenotype of the
peripheral lymphocytes on day 46 was shown in Table 2.
After initiation of isoniazid, rifampicin and ethambutol,
these symptoms improved gradually. She is alive without
reactivation of tuberculosis on day 180.

Table 2 Clinical features of three patients who developed disseminated tuberculosis following RI-UCBT

Patient 1 Patient 2 Patient 3

Primary disease CML AML AML
Disease status Blastic crisis Primary induction failure Second remission
Age (years)/sex 67/male 64/female 20/female
Past and family history of
tuberculosis

None/none None/none None/none

Screening chest CT scan Normal Small calcified nodules in right
lower lobe

Normal

Pre-engraftment immune reaction Present Present Absent
Maximal grade of acute GVHD Grade 1 Absent Absent
Corticosteroid use Yes Yes No
Onset of tuberculosis Day 63 Day 34 Day 46
Initial symptoms Fever, fatigue Fever, cough, fatigue Fever, chest pain
Chest CT finding at diagnosis Multiple cavitations Infiltration in the right lower

lobe, wall thickening of
bronchus

Mediastinal lymphadenopathy

Type of tuberculosis Miliary tuberculosis Miliary tuberculosis Miliary tuberculosis
Treatment INH/RFP/EB/PZA INH/RFP/EB INH/RFP/EB
Outcomes Died of miliary tuberculosis on

day 116
Died of miliary tuberculosis on
day 57

Improved, alive on day 180

CML¼ chronic myeloid leukemia; AML¼ acute myeloid leukemia; INH¼ isoniazid; RFP¼ rifampicin; EB¼ ethambutol; PZA¼pyrazinamide.
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Discussion

Japan has been an endemic country of tuberculosis. Among
the newly diagnosed patients in 2001, 57.1% were at the age
of 60 years and above and 17.5% were in their 20’s and
30’s. Many patients above 50 have a history of tuberculosis.
Even without obvious history of tuberculosis, latent
infection after unknown exposure is common in the
generation. Therefore, Patients 1 and 2 were considered
to have reactivation of latent tuberculosis. Transmission
from them to Patient 3 was unlikely because Patient 3 was
admitted to the hospital 20 and 25 days after patients 1 and
2 had died, respectively. No patients had tuberculosis
during her hospitalization. Owing to her young age, her
tuberculosis was considered a primary infection rather than
reactivation of latent infection.

The incidence of tuberculosis following RI-UCBT is
2.5% in our hospital, and the median age was 54 years in
this study. A high incidence of tuberculosis might be

Figure 1 Chest CT scans. (a) Patient 1: follow-up CT on day 75 showed
multiple cavities in bilateral lungs, which were 12mm in diameter. (b)
Patient 2: chest CT on day 34 showed infiltration in the right lower lobe,
thickening of bronchial wall and pericardial effusion. (c) Patient 3: enlarged
mediastinal lymph nodes.

Figure 2 Pathologic features of tuberculosis infection. (a) Caseous
necrosis without granulation in the lung. Paraffin section with hematox-
ylin–eosin stain; original magnification � 100. (b) Acid-fast bacilli (arrow-
head) in caseous necrosis in the liver. Paraffin section with Ziehl–Neelsen
stain; original magnification � 400.
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expected in RI-UCBT patients due to patients’ age and
prolonged immunosuppression associated with the use of
CB as a stem cell source; however, the incidence of
tuberculosis following RI-UCBT was comparable to that
following allo-HSCT in previous reports from endemic
countries.15,18–21 Tuberculosis is less frequent in RI-UCBT
recipients than in the immunodeficient patients of different
etiologies such as solid organ transplantation and AIDS.
Immunosuppression after RI-UCBT is transient,11 while
AIDS patients and solid organ transplant recipients have a
life-long immunosuppression. Alternatively, the frequent
and prolonged use of several antibiotics may suppress
reactivation of M. tuberculosis. Fluoroquinolones are active
against M. tuberculosis, and are occasionally used as
antituberculous prophylaxis.16

Clinical features of tuberculosis following RI-UCBT
might be different from those following conventional allo-
HSCT.13–21 Tuberculosis following conventional allo-
HSCT usually occurs several months after transplantation;
the median time to presentation with tuberculosis was 324
days post transplant.18 It usually follows indolent clinical
courses. The lung is the most common site of the disease,
and the common manifestations are fever and cough. If
treated adequately, most patients are cured without relapse.
The clinical courses of our patients were different from
those in the previous reports.13–21 Tuberculosis developed
within 100 days of RI-UCBT, either reactivation or
primary infection, and disseminated rapidly to various
organs. It should be noted that all the three patients
developed miliary tuberculosis, and two of the three

patients were refractory to antituberculosis therapy and
finally died. Such a rapid extrapulmonary progression of
tuberculosis has been reported in solid organ recipients or
AIDS patients.26,27

Although limited data are available on immune recon-
stitution of RI-UCBT recipients, it is clear their cellular
immunity is extremely impaired (Table 3). While recovery
of the immune system depends on peripheral expansion of
mature T- and B-lymphocytes transferred with the graft,28

CB does not contain antigen-experienced cells, leading to a
slow immune reconstitution and an increased risk of
infectious complications. Functional immune recovery
begins 3 months after conventional UCBT in adult
patients, and T-cell reconstitution begins by 18 months.29

Figure 3 Macroscopic and pathologic features of cutaneous tuberculosis. (a) Disseminated tuberculosis (arrowhead) in the forearm. (b) Caseous necrosis
and granuloma in the dermis. Paraffin section with hematoxylin–eosin stain; original magnification � 100.

Table 3 Phenotypic analysis of peripheral lymphocytes at the onset

of tuberculosis

Patient 2 Patient 3

White blood cells (� 109/l) 2.0 1.5
Lymphocyte (� 109/l) 0.28 0.12
CD4+T cell (� 109/l) 0.09 0.04
CD8+T cell (� 109/l) 0.07 0.034
CD4/8 ratio 1.24 1.14
CD4+, 45RA+ (� 109/l) 0.044 0.011
CD4+, CD45RO+ (� 109/l) 0.01 0.022
CD4+, CD69+ (� 109/l) 0.0 0.0011
CD4+, CD25+ (� 109/l) 0.06 0.021
CD20+ (� 109/l) 0.004 0.001
CD3�, CD56+ (� 109/l) 0.08 0.019
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Chronic GVHD, immunosuppressive therapy, TBI and T-
cell depletion have been shown to be risk factors for
tuberculosis following conventional allo-HSCT.16,17,30 We
used a TBI-containing preparative regimen, and two
patients developed either GVHD or pre-engraftment
immune reaction, requiring corticosteroid. Prolonged im-
munosuppression results in failure to acquire adoptive
immunity against tuberculosis, and TBI hampers normal
function of alveolar macrophages. Both might have
contributed to an increased susceptibility to early-onset
tuberculosis.

This study demonstrates that tuberculosis is a significant
complication of RI-UCBT. There is a considerable delay
from the onset of symptoms to the diagnosis of tubercu-
losis. Unless we have enough information on the complica-
tion, it is difficult to make an early diagnosis and to initiate
an antituberculous treatment. A delay in establishing a
diagnosis of tuberculosis in RI-UCBT recipients could have
a pivotal impact on their survival. While needs for
antituberculous prophylaxis are controversial in solid
organ and marrow transplantation,31 identification of
high-risk patients and prophylaxis in the subgroup may
be beneficial in RI-UCBT. We suggest screening before RI-
UCBT with PPD skin test in addition to chest CT,
especially in the endemic areas. Further studies are
warranted to investigate clinical features of tuberculosis
following RI-UCBT, and to identify its optimal manage-
ment.
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