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Summary:

We analysed a large homogeneous group of 14 403
patients transplanted for early leukaemia from an HLA-
identical sibling and reported to the EBMT in four time
cohorts: 1980–1989 (24%), 1990–1994 (26%), 1995–1998
(30%) and 1999–2001 (20%). We focused on death from
infection. End points were survival, death from relapse
and transplant-related mortality (TRM), which was sub-
divided into death from graft-versus-host disease (GvHD)
(1315 patients; 25% of deaths), infection (597 patients;
11% of deaths) or ‘other’ causes (1875 patients; 34% of
deaths). Survival increased from 52% at 5 years in the
first to 62% in the third cohort (Po0.05) and TRM
decreased from 36 to 26% (Po0.05) due to a reduction in
death from infection (Po0.001). GvHD, ‘other’ causes
and relapse did not improve. The relative proportions of
bacteria (217 patients; 36%), viruses (183 patients; 31%),
fungi (166 patients; 28%) or parasites (32 patients; 5%)
as cause of infectious death (cumulative incidence of death
at 5 years 1.8, 1.6, 1.4 and X0.3%, respectively) and
median time to death from infections (3 months (range
0–158 months)) did not change. Death from infections
has been reduced significantly, but it still represents an
ongoing risk after HSCT and draws attention to the time
beyond the initial period of neutropenia.
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Since its introduction over 30 years ago, haematopoietic
stem cell transplantation (HSCT) has become an esta-
blished therapy for many severe congenital and acquired
disorders of the haematopoietic system and chemo-radio-
sensitive or immuno-sensitive malignancies. HSCT has seen
rapid expansion over the last decade and is integrated in the
therapeutic plan in many disease categories.1–6 However, it
is hampered by significant morbidity and mortality. Early
mortality is considered the main impediment to broader
application of allogeneic HSCT. Toxicity associated
with the conditioning regimen, infections, graft-versus-host
disease (GvHD) and relapse of the basic disease are the
main causes of failure. Depending on patient selection and
risk constellation, 10 to 450% of the patients die within 1
year of procedure.1,7–10 Major progress has been made in
supportive care, immunosuppression and infection man-
agement, thereby improving the situation over the last two
decades and reducing the risk of lethal complications.11–15

Infections were recognised very early as a significant
contribution to morbidity and mortality during the period
of pancytopenia.1,10,16–18 With focus on neutropenia, strict
isolation in sterile units or laminar airflow compartments
has been standard care practice for many years.19–21

Improvement in diagnosing infections, availability of better
broad spectrum antibiotics, novel antifungal and antiviral
agents, introduction of intravenous immunoglobulins and
vaccination strategies have changed attitudes. Infections
are considered as treatable conditions. Strict isolation
or sterile nursing has been debated by many institutions
and is no longer considered essential in international
guidelines.19,22–24

Furthermore, reduced-intensity conditioning (RIC)
transplants have been introduced in recent years.25–28 With
a focus on immunosuppression rather than myelosuppres-
sion, RIC HSCT reduce duration and severity of pancyto-
penia, induce less mucositis and less organ toxicity. These
patients are less vulnerable to early infectious complica-
tions. RIC HSCT has triggered expansion of HSCT to
patients with severe comorbidities or at increased age.
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Attitudes have created a sense of security concerning
infectious complications.
Little information, however, exists concerning the impact

of these strategies on outcome. Sensitised by reports of
epidemics in HSCT institutions,29–31 we were interested to
find out whether incidence and cause of infectious deaths
and time of death from infections has changed over the
years.

Patients and methods

Study design

This is a retrospective cohort analysis focusing on data
reported to the Acute or Chronic Leukemia Working Party
of the EBMT. Selection criteria were early leukaemia
(acute myeloid or acute lymphoid leukaemia in first com-
plete remission or chronic myeloid leukaemia in first
chronic phase) and allogeneic transplantation from an
HLA identical sibling donor between 1980 and 2001. This
restriction provides a large homogeneous patient popula-
tion and sufficient time for follow-up.
The population was subdivided into four time cohorts

(Table 1) to study calendar time effects on the cumulative

incidence of the various causes of death. The cohorts were
chosen to have roughly equal numbers while maintaining
logical boundaries at the times of introduction of periphal
blood as stem cell source and RIC HSCT. As patients
transplanted in the most recent cohort have a maximum
follow-up of 4 years, two separate analyses were performed.
All four cohorts were used for the 12-month analysis,
including a comparison of RIC and standard conditioning.
Long-term analysis was restricted to the first three cohorts.
This provides sufficient follow-up for all patients in the
two analyses and avoids possible bias induced by RIC
transplants after 1999. Follow-up was closed as of 31
December 2003.

Patient population

The analysis includes 14 403 patients with a median age of
33 years (range 1–82). Details are summarised in Table 1.
There were slightly more male patients (56.7%); AML and
CML contributed 40% each, 20% of patients had ALL.
The female-donor, male-recipient combinations were equal
in all cohorts (25%). A quarter of the recipients (25%)
received T-cell depleted grafts. Bone marrow was the
preferred graft product (81%) in this long-term analysis.

Table 1 Patients characteristics

Time cohort 1980–1989 1990–1994 1995–1998 1999–2001 Total
Age** (years (median/range)) 28 (1–57) 32 (1–59) 35 (1–62) 36 (1–82) 33 (1–82)

N (%) N (%) N (%) N (%) N (%)

Age classes at transplant
o20 years 872 25.8 804 21.5 750 17.2 441 15.1 2867 19.9
20–40 years 2076 61.5 2031 54.2 2079 47.7 1335 45.8 7521 52.3
440 years 428 12.7 909 24.3 1526 35.0 1141 39.1 4004 27.8

Disease classification*
AML 1362 40.3 1498 40.0 1703 39.1 1169 40.0 5732 39.8
ALL 735 21.8 766 20.5 864 19.8 566 19.4 2931 20.3
CML 1280 37.9 1481 39.5 1793 41.1 1186 40.6 5740 39.9

Stem cell used**
BM 3376 100.0 3714 99.3 3140 72.3 1404 49.0 11634 81.2
PB 27 7 1205 27.7 1464 51.0 2696 18.8

T-cell depletion**
No 1230 55.2 1749 71.7 2691 84.8 2146 84.2 7816 75.2
Yes 997 44.8 692 28.3 483 15.2 402 15.8 2574 24.8

Recipient male–donor female
Other combinations 2542 75.3 2829 75.5 3264 74.9 2239 76.7 10874 75.5
m–f 835 24.7 916 24.5 1096 25.1 682 23.3 3529 24.5

Conditioning intensity**
Normal 554 99.5 956 99.4 1835 98.1 1851 89.9 5196 95.3
Reduced 3 0.5 6 0.6 36 1.9 209 10.1 254 4.7

Patient sex*
Male 1938 57.4 2173 58.0 2417 55.4 1641 56.2 8169 56.7
Female 1439 42.6 1572 42.0 1943 44.6 1280 43.8 6234 43.3

Total 3377 3745 4360 2921 14403

*0.05oPo0.10; **Po0.05; w2 test on trend in the 4*k table.
AML¼ acute myeloid leukaemia; ALL¼ acute lymphoblastic leukaemia; CML¼ chronic myeloid leukaemia; BM¼ bone marrow; PB¼ peripheral blood;
m–f¼ female donor for male recipient.
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Changes over time

There were distinct changes over time (Table 1). There
was a substantial increase in median age at transplant over
time from 28 years in 1980 to 36 years in 2001. As a
consequence, the proportion of patients above the age of 40
years has risen from 5% in 1980 to 39% in 1999–2001 and
the maximum age has risen from 57 to 82 years. Peripheral
blood as stem cell source has increased from 1% in the
1990–1994 cohort to 51% in the 1999–2001 cohort. T-cell
depletion as a method of GvHD prevention reached its
peak in 1980–1989 with 45%; it was applied during the
most recent cohort in 16% of patients only. RIC HSCT
were very rare before the year 1999 but were reported in
10% of the HSCT in the cohort from 1999 to 2001. Only
those transplants marked by the participating team as RIC
HSCT were considered as such in the analysis.

Definitions of study end points

For this analysis we concentrated on cause of death and
cause of infectious death, and an arbitrary but logical
hierarchy was created based on the initial definition of
outcome reporting for HSCT.32 Cause of death was
first categorised into relapse or transplant-related mortality
(TRM). Patients who never achieved remission or died
with relapse at any time after HSCT were classified as
relapse death. Patients who died without relapse were
classified as TRM. They were further subdivided into
death from GvHD, death from infection or death from
‘other causes’ according to the coding on the reporting
forms as primary cause of death. This form allows
coding for GvHD, infection or ‘other causes’. The
information on the reporting forms was taken as it was,
independent of additional remarks. Patients who died of
TRM without coding for primary cause of death were
classified as ‘other causes’; this corresponds to 397 or 2.7%
of all patients.
The same procedure was chosen for the analysis of cause

of infectious death. The reporting forms over the whole
20-year period were consistent for reporting bacterial, viral,
fungal or parasitic infectious death. No details on specific
cause of infectious death were available on the minimal
essential data reporting forms.

Statistical analysis

All statistical analyses were performed using SPSS version
11 with the exception of the cumulative incidence analyses,
which were carried out in NCSS 2001. Analyses of
categorical variables were performed using w2 tests for
association or a trend test for proportions when categories
were ordered. Survival curves were estimated using the
Kaplan–Meier approach for overall survival.
Causes of death and the subdivision of infectious death

in relation to time after transplant were analysed in two
different ways. Cause of death was assessed with cumula-
tive incidence curves and stacked cumulative incidence
plots, which take into account the various causes of death
as competing risks.33 In a second approach, the relative
contribution of the competing risks were assessed for the

three first calendar time cohorts by a landmark analysis,
beginning at 1 year (data now shown) or 4 years post
transplant. The calendar time effect on cause specific death
was tested using a Cox model.

Results

Survival and main cause of death

At the time of analysis, 9026 patients were alive (63%),
8197 without, 829 with relapse; 5377 patients had died
(37%), 1590 from relapse (30%) and 3787 from TRM
(70%). Survival was different for the four cohorts and
increased continuously over time from 52% at 5 years in
1980–89 to 62% at 5 years in 1995–99 (Figure 1) (Po0.05).
Early survival was similar for the last two cohorts despite a
further increase in patient age, but follow-up was short in
the last cohort (1999–2001).
Main causes of death are listed in Table 2 and illustrated

in Figure 2. Cause of death was reported as relapse in 1590
patients (30%), as GvHD in 1315 patients (25%), as
infection in 597 patients (10%) or as other cause in 1875
patients (35%). The cumulative incidences of relapse,
GvHD, infections and other causes of mortality varied at
different time points after HSCT (Figure 2, Table 2). All
causes except relapse had a steep initial increase; GvHD
and infections levelled off at approx. 10 and 5%,
respectively. Relapse as cause of death began later and
showed no levelling off. Figure 3 shows the relative
contribution of each of these main causes among all
deaths, exemplified by the cohort from 1980 till 1989. This
figure illustrates that other causes, hence toxicity, did
contribute to nearly 75% of deaths within the first month,
when relapse was still negligible. Owing to these changing
relative contributions and the different follow-up time,
distributions in the four cohorts and cumulative incidences
are comparable only at a fixed time point common to all
cohorts. For example, cumulative incidences at 1 year were
compared for all four cohorts, cumulative incidence at 5
years for the first three cohorts and cumulative incidence at
10 years for the first two cohorts only.
The landmark analysis (Figure 4) visualises new in-

cidences of deaths and the persisting contribution of all
causes including infections, which remain a contributing
factor in about 2%, even among patients alive at 4 years.
These low numbers are not recognisable in the cumulative
incidence tables (Table 2).

Improvement over calendar time

Survival did improve over time due to decreasing cumula-
tive incidence of TRM with a nonproportional reduction of
the three causes of TRM. Cumulative mortality at 1 year in
the first cohort changed from 10 to 7% in the last cohort
for GvHD (NS), from 6 to 1% for infections (Po0.001)
and from 15 to 13% for other causes (NS). Relapse as cause
of death at 1 year increased from 6% in the first to 11% in
the last cohort (Po0.001) (Figure 2a). Improvement was
most marked for infectious death during the first 12 months
(Figure 2b) with a hazard ratio of 1 in the first cohort to

Cause of death in HSCT
A Gratwohl et al

759

Bone Marrow Transplantation



0.65 (0.53–0.80, 95% CI) in the second, 0.47 (0.38–0.58,
45% CI) in the third and 0.20 (0.14–0.29, 95% CI) in the
most recent cohort.

Causes of infectious death

Of the 597 deaths with infection as the primary cause of
death, according to the reporting team 217 (36%), were

attributed to bacteria, 183 (31%) to viruses, 166 (28%) to
fungi and 31 (5%) to parasites. The cumulative incidence of
deaths with infection at 5 years was 5% with a cumulative
incidence of 1.8% attributed to bacteria, 1.6% to viruses,
1.4% to fungi and 0.3% to parasites (Table 2). The
cumulative incidence of all causes decreased over calendar
time while their relative contributions remained stable
(Figure 2, Table 2). In order to assess in detail the
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Figure 1 Probability of survival of 14 403 patients with early leukaemia and an HLA identical sibling HSCT from 1980 to 2001. Four time cohorts. Time in
months post HSCT. For numbers of patients refer to Table 1.

Table 2 Cumulative incidence of main cause of death and cause of infectious death in 14 403 patients with HSCT for early leukaemia in four

calendar time cohorts

Time cohort: 1980–1989 1990–1994 1995–1998 1989–2001 All cohorts

3mo 1 y 5 y 10 y 3mo 1 y 5 y 10 y 3mo 1 y 5 y 10 y 3mo 1 y 5 y 10 y 3mo 1 y 5 y 10 y

Main cause of death
Relapse 0.01 0.06 0.13 0.14 0.01 0.06 0.13 0.15 0.01 0.06 0.11 — 0.01 0.11 — — 0.06 0.07 0.12 0.14
GvHD 0.06 0.10 0.12 0.12 0.04 0.08 0.10 0.10 0.03 0.08 0.10 — 0.03 0.07 — — 0.04 0.09 0.10 0.11
Infection 0.03 0.06 0.07 0.07 0.02 0.04 0.05 0.05 0.01 0.03 0.04 — 0.01 0.01 — — 0.02 0.04 0.05 0.05
Other causes 0.09 0.15 0.17 0.18 0.05 0.10 0.12 0.13 0.05 0.09 0.12 — 0.06 0.13 — — 0.06 0.11 0.13 0.15

Cause of infectious death
Bacterial 0.01 0.02 0.02 0.03 0.01 0.01 0.02 0.02 0.00 0.01 0.01 — 0.00 0.01 — — 0.007 0.015 0.018 0.019
Viral 0.01 0.02 0.03 0.03 0.01 0.01 0.02 0.02 0.00 0.01 0.01 — 0.00 0.00 — — 0.007 0.014 0.016 0.016
Fungal 0.01 0.02 0.02 0.02 0.00 0.01 0.01 0.01 0.00 0.01 0.01 — 0.00 0.00 — — 0.001 0.013 0.014 0.014
Parasitic NA NA NA NA 0.001 0.003 0.003 0.003

NA¼not applicable, too small numbers; mo¼months; y¼ years.
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Figure 2 Main causes of death in 14 403 patients with early leukaemia and HLA identical sibling HSCT. Separate cumulative incidences of death by
relapse, GvHD, infection and other causes are presented in four calendar time cohorts. Time in months post HSCT. Time scale over whole follow-up time,
first three cohorts only (a). First 12 months only, all cohorts (b).

Cause of death in HSCT
A Gratwohl et al

761

Bone Marrow Transplantation



development of the various causes of infectious death, we
combined all four cohorts and calculated the cumulative
incidences of all infectious causes of death. The four
cohorts were combined without introducing a bias, as the
proportional cumulative incidence of infections did not
differ among them, nor did it differ between the RIC and
standard HSCT subgroups in the fourth cohort. Deaths
from all infectious causes showed a difference during the
first 3 months, where the relative contribution of deaths
from bacterial infections was slightly higher. Beyond 3

months, the proportion remained the same for the whole
follow-up time (Figure 5).

Time of death after HSCT

Time of death depended primarily on the main cause
of death. Deaths from GvHD, infections and other
causes occurred all at a median of 3 months (range 0 to
about 200 months; 2 to 7, respectively 9, months; 25
to 75 percentiles) (Table 3). Percentiles for time to
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death were not estimated for relapse deaths, being biased
by the actual amount of follow-up time that differs in the
four cohorts.
Median time to death from infection was 3 months, 50%

of all infections occurred before and 50% after 3 months
(Table 4). In total, 25% of infectious deaths took place
within the first 2 months post HSCT, 25% after 7 months,
10% beyond 1 year. Time of death differed for the different
infectious causes with median time of death of 3 months for
viral and fungal infections, 4 months for bacterial infec-
tions and 5 months for parasitic infections. Late events
beyond 100 months were limited to bacterial and fungal
infections. There was no significant change in time to
infectious death among those who died from it in the four
time cohorts.
Infectious deaths within the first 12 months were

analysed separately for all cohorts and all four infectious
causes. Time to infectious death was similar for all four
infectious causes except for an early predominance of
bacterial infectious deaths within the first 2 months. That

pattern remained constant over the four time cohorts
(Figure 6). The same holds true for viral, fungal and
parasitic infections (figures not shown).
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Figure 5 Stacked cumulative incidences (left panel) and relative contribution (right panel) of bacterial, viral, fungal or parasitic infections to infectious
death over follow-up time. All four cohorts combined. Time in months post HSCT.

Table 3 Time to death (in months) by main cause of death and

cause of infectious death in four calendar time cohorts

1980–1989 1990–1994 1995–1998 1999–2001 All

Main cause of death
Relapsea

GvHD 3 (2–7) 3 (2–7) 4 (2–7) b 3 (2–7)
Infection 3 (2–8) 3 (2–6) 4 (2–7) b 3 (2–7)
Others 3 (1–9) 3 (2–9) 4 (2–10) b 3 (2–9)

Cause of infectious death
Bacterial 6 (2–12) 3 (1–5) 4 (1–8) b

Viral 3 (2–6) 3 (2–6) 3 (2–7) b

Fungal 2 (1–5) 4 (2–6) 4 (2–6) b

Parasitic 3 (2–7) 3 (2–7) 5 (5–8) b

Numbers reflect median and 25th and 75th percentiles of all intervals
between transplant and death.
aRelapse has been omitted since percentiles are biased due to the restricted
follow-up time in more recent cohorts.
bPercentiles are omitted in the most recent cohort. They can be misleading
due to the restriction to 12 months’ follow-up.

Table 4 Impact of risk factors on incidence of infectious deaths

Risk factor HR any
infection

HR
bacterial

HR
viral

HR
fungal

HR
parasitic

Age class
p20 (1) (1) (1) (1) (1)
20–40 1.9 2.2 1.5 2.5 1.1
X40 2.4 2.1 2.4 3.1 1.9

Disease
AML (1) (1) (1) (1) (1)
ALL 1.0 1.2 0.8 0.9 0.9
CML 1.0 0.8 1.0 1.1 1.4

T-cell depletion
No (1) (1) (1) (1) (1)
Yes 1.8 2.1 1.6 1.8 1.4

Gender mismatch
No (1) (1) (1) (1) (1)
Yes 1.0 1.0 1.0 1.2 0.9

Patient sex
Male (1) (1) (1) (1) (1)
Female 1.2 1.0 1.4 1.1 1.6

Reduced intensity
No (1) (1) (1) (1) (1)
Yes 0.9 NA 1.2 1.0 2.5

Source of stem cells
BM (1) (1) (1) (1) (1)
PB 0.5 0.7 0.3 0.5 0.5

HR¼Hazard ratio’s in bold are significant (Po0.05); NA¼ not applic-
able, model did not converge; AML¼ acute myeloid leukaemia;
ALL¼ acute lymphoblastic leukaemia; CML¼ chronic myeloid leukaemia;
BM¼bone marrow; PB¼peripheral blood.
Univariate hazard ratios of infectious death rates obtained from a COX
model in a competing risk context. For each end point (bacterial, viral,
fungal, parasitic), all other competing causes (including relapse, GvHD and
‘other’) of death were censored.
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Factors influencing cause of infectious death

The risk factors described in Table 1 were evaluated for
their impact on infectious deaths. Results are presented in
Table 4. Overall, there were more infectious deaths with
increasing age and T-cell depletion, and less with peripheral
blood as stem cell source. Female patients had a significant,
though small, increased probability of infectious deaths,
mainly due to viral infections. Overall increased hazards are
reflected in each of the subcategories bacterial, viral and
fungal infections.

Discussion

The present data confirm and extend previous observations
on infectious deaths after HSCT: infections remain of
concern after allogeneic HSCT. A minimum of 10% of
all deaths after HSCT were primarily due to infec-
tion1,10,16,18,22,23 and the cumulative incidence of infectious
death at 10 years for all patients is 5%. TRM has decreased
over time. This improvement was significant only for
infectious deaths. All four causes of lethal infections,
subdivided into bacterial, viral, fungal or parasitic infec-
tion, have improved but time to death from a given
infectious agent has not changed. No improvement was
seen in the proportion of death due to GvHD or other
causes. Death from relapse even increased.
It is beyond the scope of this analysis to explain these

changes. It is comforting to see that transplant-related
complications did not increase despite an increase in age
over the same time period, and that a significantly smaller
proportion of patients died from infection. At the same
time, it is intriguing to see that the proportion of infectious
death and time to death remained unchanged. Failure to
alter the pattern of infectious deaths remains unexplained.

Failure to improve on relapse might reflect the fact that
patients transplanted in early leukaemia, for example, acute
leukaemia in first CR, represent a group of patients with
higher risk leukaemia during more recent years compared
to earlier periods. Many groups no longer transplant
patients with good risk leukaemia, for example, patients
with translocation t8;21 or t15;17 in first complete
remission. Failure to improve on death from GvHD and
‘other’ causes is disappointing and presents a challenge for
the transplant community.
Infections remained an important cofactor with a

constant proportion of about 2–3% of all causes of death
up to 10 years and more post HSCT, as illustrated in
the landmark analysis. Bacterial and fungal infections
contributed to death beyond 10 years. Half the infectious
deaths occurred beyond 3 months post transplant. Only
7% of lethal infectious complications and primarily lethal
bacterial infections happened within the first month post
HSCT, even less during the initial period of pancytopenia.
Time of death from infection has not changed during the
last 20 years. This holds true for all categories of infectious
deaths: bacterial, viral, fungal and parasitic infections.
The analysis focused on infectious deaths, it did not look

at incidence of infections. Our study confirms some known
main pre-transplant factors associated with infectious
death:1,10,16,34 increasing age and T-cell depletion. It also
shows an advantage for peripheral blood. Unexplained and
hitherto unreported remains the higher incidence of deaths
from viral infections in female patients. Additional analyses
will be required to see whether this represents a spurious
finding or whether it reflects a higher risk of females being
exposed to viruses transmitted from children, such as
varicella zoster or respiratory syncitial virus. The analysis
failed to show a correlation of infectious deaths with RIC, a
topic of current intense debate which may be solved only by
prospective comparative studies.35–42
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These findings have consequences. They suggest that
transplant teams are, with some exceptions, proficient in
handling infectious complications in patients during the
period of aplasia. New teams opening up novel transplant
centres need to take this experience into account. Teams
have also integrated new therapeutic agents and reduced
overall mortality from infections. On the other hand,
there is a deficiency in combating infections during the
later immunodeficiency period, whether associated or not
with GvHD. Here, novel tools and novel approaches are
required. Furthermore, these findings are important in view
of the most recent discussions on the value of protective
environments and isolation procedures for HSCT recipi-
ents.22,23 Most isolation methods are restricted to the
period of pancytopenia during the first month, rarely later
on. We had no information on methods of isolation and
duration of such preventive measures for the patients in the
analysis. We also had no information on white blood cell
counts at the time of death.
This information is not available, was not collected for

individual patients and cannot be collected reliably in
retrospect for such a large number of patients. However,
only a small proportion of patients, primarily with bacterial
infections, did in fact die from infection as main cause of
death during the early phase of transplantation. Hence,
present data suggest that delayed immune reconstitution,
which is known to take months to normalise, is probably a
more important factor contributing to infectious deaths
than pancytopenia itself.1,10,43–45 If methods of reverse
isolation and infection prevention are discussed in general
for patients undergoing HSCT, a long time interval must be
considered. It will also apply to novel strategies such as
home care of HSCT patients.46,47

The present study is limited by several aspects. It covers a
long period of time. It focused on early leukaemia and good
risk patients with HLA identical sibling transplants only.
The definitions for infectious deaths were selected on
purpose to exclude all other potential causes. Hence, the
‘real’ incidence of infectious deaths is probably higher.
Details on peripheral blood values at time of death or data
on the degree of immune reconstitution are not captured.
Late pancytopenia for any reason might have contributed
significantly. Definition of cause of death might have
changed over time or even within teams. Nevertheless, the
study provides clear answers when infectious deaths
occur. Large numbers counterbalance individual errors.
The constancy of patterns, such as proportion of causes of
death over time or time point of death over time, validate
the results and reinforce the message.
These data clearly show that, despite improvements,

infections continue to be a substantial cause of death after
allogeneic HSCT. The majority of lethal infections occur
beyond initial pancytopenia.
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Appendix A

List of participating centres for the Infection study

Algeria, Alger, R Hamladji, Centre Pierre et Marie Curie [703]
Argentina, Buenos Aires, L Feldman, Antartida Hospital Privado
[742]

Australia, Melbourne, A Schwarer, Alfred Hospital [595]
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Australia, Perth, R Hermann, Royal Perth Hospital [710]
Australia, Sydney, P Shaw, Children’s Hospital of Westmead [711]
Austria, Graz, W Linkesch, Karl Franzens University Graz [308]
Austria, Graz, C Urban, University Children’s Hospital [593]
Austria, Innsbruck, G Gastl, University Hospital Innsbruck [271]
Austria, Linz, D Lutz, Elisabethinen-Hospital [594]
Austria, Vienna, H Gadner, St Anna Hospital [528]
Austria, Vienna, H Greinix, AKH Vienna [227]
Austria, Vienna, H Ludwig, Wilhelminenspital [828]
Belarus, Minsk, O Aleinikova, Belorussian Centre for Pediatrics [591]
Belarus, Minsk, A Uss, Hospital No. 9 [801]
Belgium, Antwerp, R de Bock, AZ Middelheim [783]
Belgium, Antwerp, W Schroyens, Universiteit Antwerpen (UZA) [648]
Belgium, Brugge, D Selleslag, AZ Sint-Jan [506]
Belgium, Brussels, D Bron, Institut Jules Bordet [215]
Belgium, Brussels, A Ferrant, Cliniques Universitaires St Luc [234]
Belgium, Brussels, R Schots, University Hospital VUB [630]
Belgium, Charleroi, M Andre, CHNDRF [349]
Belgium, Gent, L Noens, University Hospital Gent [744]
Belgium, Leuven, M Boogaerts, University Hospital Gasthuisberg

[209]
Belgium, Liege, Y Beguin, University of Liege [726]
Canada, Ottawa, L Huebsch, Ottawa General Hospital [351]
China, Y Wenwei, Hospital of Blood Disease [550]
Croatia, Zagreb, B Labar, University Hospital Centre-Rebro [302]
Czech Republic, Brno, J Vorlicek, University Hospital Brno [597]
Czech Republic, Hradec Králové, L Jebavy, Charles University

Hospital [729]
Czech Republic, Pilsen, V Koza, Charles University Hospital [718]
Czech Republic, Prague, A Vitek, Institute of Hematology and Blood

Transfusion [656]
Denmark, Copenhagen, N Jacobsen, Rigshospitalet [206]
Estonia, Tartu, H Everaus, Tartu University Clinics [746]
Finland, Helsinki, U Pihkala, Children’s Hospital University of

Helsinki [219]
Finland, Helsinki, T Ruutu, Helsinki University Central Hospital [515]
Finland, Turku, K Remes, Turku University Central Hospital [225]
France, Angers, M.Boasson, CHRU [650]
France, Besancon, J Cahn, Hôpital Jean Minjoz [233]
France, Caen, Leporrier, CHU de Caen [251]
France, Clamart, T de Revel, Hôpital Percy [665]
France, Clermont-Ferrand, J Bay, Centre Jean Perrin [273]
France, Clichy, J Briere, Hôpital Beaujon [662]
France, Creteil, C Cordonnier, Hôpital Henri Mondor [252]
France, Dijon, H Guy, Hôpital le Bocage [667]
France, Grenoble, J Sotto, Hôpital A.Michallon [270]
France, Lille, J Jouet, Hôpital Claude Huriez [277]
France, Lyon, M Michallet, Hôpital E.Herriot [671]
France, Lyon, N Philippe, Hôpital Debrousse [806]
France, Marseille, D Blaise, Institut Paoli Calmettes [230]
France, Marseille, C Coze, Hôpital d’Enfants de la Timone [301]
France, Montpellier, F Bernard, Hôpital Arnaud de Villeneuve
[988]

France, Montpellier, J Rossi, University Hospital [926]
France, Nancy, P Lederlin, CHRU Nancy [249]
France, Nantes, J Harousseau, Hotel Dieu [253]
France, Nice, N Gratecos, Hôpital de l’Arget [523]
France, Paris, G Andreu, Pitie-Salpetriere [262]
France, Paris, A Baruchel, Hôpital St Louis [748]
France, Paris, A.Buzyn, Hôpital Necker [160]
France, Paris, F Dreyfus, Hôpital Cochin [280]
France, Paris, A Fischer, Hôpital Necker [201]
France, Paris, E Gluckman, Hôpital St Louis [207]
France, Paris, N Gorin, Hôpital St Antoine [213]
France, Paris, G Leverger, Hôpital Trousseau [675]
France, Paris, B.Rio, Hotel Dieu [222]
France, Paris, E Vilmer, Hôpital Robert Debré [631]
France, Pessac, J Reiffers, CHU-Bordeaux/Hôpital Haut-Leveque
[267]

France, Poitiers, F Guilhot, Hôpital La Miletrie [264]
France, Rennes, E le Gall, CHRU de Rennes-Hôpital Sud Clinique
Medicale Infantile [661]

France, Rouen, H Tilly, Centre Henri Becquerel [941]
France, Rouen, JP Vannier, Hôpital Charles Nicolle [932]

France, Saint-Etienne, D Guyotat, CHRU de Saint-Etienne Hôpital
Nord [250]

France, Strasbourg, P Dufour, Hôpital de Hautepierre [672]
France, Strasbourg, P Lutz, Hôpital de Hautepierre [953]
France, Toulouse, M Attal, Hôpital de Purpan [624]
France, Toulouse, H Rubie, CHU de Purpan [952]
France, Vandoeuvre, D Sommelet, CHU de Nancy Hopitaux de
Brabois-Hôpital d’Enfants [676]

France, Villejuif, J Bourhis, Institut Gustave Roussy [666]
France, Villejuif, D Machover, Hôpital Paul Brousse [567]
Germany, Augsburg, G Schlimok, II Medizinische Klinik [152]
Germany, Berlin, R Arnold, Charite [807]
Germany, Berlin, W Ebell, Charité-Virchow Klinikum [336]
Germany, Berlin, W Knauf, Klin. Benjamin Franklin, FU Berlin [590]
Germany, Berlin, W Siegert, Charite-Virchow Klinikum d.Humboldt-
Un [293]

Germany, Dresden, G Ehninger, Universitätsklinikum Dresden [808]
Germany, Düsseldorf, U Göbel, Heinrich Heine Universität [651]
Germany, Düsseldorf, R Haas, Heinrich Heine Universität [390]
Germany, Erlangen, M.Gramtzki, Universität Erlangen [809]
Germany, Essen, U Schaefer, University Hospital Essen [259]
Germany, Frankfurt, D Hoelzer, Universität Frankfurt [297]
Germany, Freiburg, J Finke, University of Freiburg [810]
Germany, Hamburg, A Zander, University Hospital Eppendorf [614]
Germany, Hannover, B Hertenstein, Medical School of Hannover
[295]

Germany, Heidelberg, A D Ho, University of Heidelberg [524]
Germany, Homburg, D Beelen, University of Saarland [785]
Germany, Idar-Oberstein, A Fauser, Klinik für KMT und Hämato-
Onkologie [592]

Germany, Jena, H Sayer, Friedrich Schiller Universität Jena [533]
Germany, Jena, F Zintl, University of Jena [750]
Germany, Kiel, N Schmitz, Christian-Albrechts-University [256]
Germany, Leipzig, D Niederwieser, University of Leipzig [389]
Germany, Mainz, K Kolbe, Johannes-Gutenberg-University [786]
Germany, Marburg, A Neubauer, Philipps-Universität Marburg [645]
Germany, München, H Kolb, Klinikum Grosshadern [513]
Germany, Nürnberg, H Wandt, Klinikum Nürnberg [625]
Germany, Regensburg, R Andreesen, University Regensburg [787]
Germany, Rostock, M Freund, Universität Rostock [585]
Germany, Tübingen, L Kanz, Medizinische Klinik [223]
Germany, Tübingen, D Niethammer, University Hospital [535]
Germany, Ulm, L Bergmann, Universität Ulm [204]
Germany, Wiesbaden, R Schwerdtfeger, Deutsche Klinik für Diag-
nostik [311]

Greece, Athens, S Grafakos, ‘St Sophia’ Children’s Hospital [752]
Greece, Athens, N Harhalakis, Evangelismos Hospital [622]
Greece, Athens, G Karianakis, Diagnostic and Therapeutic Centre of
Athens [643]

Greece, Exokhi (Thessaloniki), A Fassas, The G.Papanicolaou Gen.
Hosp. of Thessaloniki [561]

Hungary, Budapest, T Masszi, St Laszlo Hospital [739]
Hungary, Budapest, K Paloczi, National Institute of Hematology and
Immunology [504]

Hungary, Miskolc, N Kalman, Postgraduate Medical School [599]
Iran, Teheran, A Ghavamzadeh, Shariati Hospital [633]
Ireland, Dublin, S McCann, St James Hospital Trinity College [257]
Ireland, Dublin, A O’Meara, Our Lady’s Hospital for Sick Children
[774]

Israel, Haifa, J Rowe, Rambam Medical Centre [345]
Israel, Jerusalem, S Slavin, Hadassah University Hospital [258]
Israel, Petach-Tikva, I Yaniv, Schneider Children’s Med.Centre of
Israel [755]

Israel, Tel-Hashomer, T Amos, Tel-Aviv University [572]
Israel, Tel-Hashomer, A Nagler, Tel-Aviv University [754]
Italy, Bergamo, T Barbui, Ospedale Bergamo [658]
Italy, Bologna, A Pession, University of Bologna [790]
Italy, Bologna, S Tura, Hospital San Orsola [240]
Italy, Brescia, T Izzi, Spedali Civili – Brescia [288]
Italy, Brescia, F Porta, Universitá degli Studi di Brescia [741]
Italy, Cagliari, G Broccia, Ospedale Oncologico [791]
Italy, Cagliari, A Cao, Ospedale Regionale Microcitemie [812]
Italy, Cagliari, L Contu, Univ. di Cagliari [811]
Italy, Catania, R Giustolisi, University of Catania [792]

Cause of death in HSCT
A Gratwohl et al

767

Bone Marrow Transplantation



Italy, Cremona, S.Morandi, Centro Trapianti Midollo Osseo, II [226]
Italy, Firenze, A Bosi, Ospedale di Careggi [304]
Italy, Genova, A Bacigalupo, Ospedale San Martino [217]
Italy, Genova, G Dini, Insitute G Gaslini [274]
Italy, Milano, C Bordignon, Isitituto Scientifico H.S. Raffaele [813]
Italy, Milano, G Lambertenghi Deliliers, Ospedale Maggiore di
Milano [265]

Italy, Milano, E Morra, Ospedale di Niguarda Ca’Granda [294]
Italy, Monza, E Pogliani, Ospedale San Gerardo [544]
Italy, Monza, C Uderzo, Ospedale San Gerardo/Pediatrica [279]
Italy, Napoli, B Rotoli, University of Napoli [766]
Italy, Padova, C Messina, Clinica Oncoematologia Pediatrica e Centro
Leucemie Infantili [285]

Italy, Palermo, G Mariani, Univ. di Palermo [814]
Italy, Palermo, R Scime, Ospedale V Cervello [392]
Italy, Parma, V Rizzoli, Univ. di Parma [245]
Italy, Pavia, E Alessandrino, Policlinico San Matteo IRCCS [286]
Italy, Pavia, F Locatelli, Policlinico San Matteo IRCCS/Pediatrica
[557]

Italy, Perugia, M Martelli, University of Perugia [794]
Italy, Pesaro, G Lucarelli, Pesaro Hospital [529]
Italy, Pescara, P di Bartolomeo, Ospedale Civile [248]
Italy, Pisa, M Petrini, University of Pisa [795]
Italy, Reggio Calabria, P Iacopino, Azienda Ospedaliera ‘‘Bianchi-
Melacrino-Morelli’’ [587]

Italy, Rome, S Amadori, Univ. Tor Vergata, St Eugenio Hospital [756]
Italy, Rome, W Arcese, Univ. ‘‘La Sapienza’’ [232]
Italy, Rome, G Leone, Universita Cattolica S Cuore [307]
Italy, Rome, I.Majolino, Ospedale San Camillo [287]
Italy, Taranto, P Mazza, Hospedale Nord [332]
Italy, Torino, F Fagioli, Ospedale Regina Margherita [305]
Italy, Torino, M Falda, Azienda Ospedaliera S Giovanni [231]
Italy, Trieste, M Andolina, Istituto Per L’Infanzia Burlo Garofolo
[525]

Italy, Udine, R Fanin, Udine University Hospital [705]
Italy, Verona, F Benedetti, University of Verona [623]
Italy, Vicenza, F Rodeghiero, S Bortolo Hospital [797]
The Netherlands, Amsterdam, H van den Berg, Academic Medical
Centre [247]

The Netherlands, Leiden, R Willemze, Leiden University Hospital
[203]

The Netherlands, Maastricht, H Schouten, University Hospital
Maastricht [565]

The Netherlands, Nijmegen, A Schattenberg, University Medical
Centre, St Radboud [237]

The Netherlands, Rotterdam, J Cornelissen, Daniel den Hoed Cancer
Centre/AZR [246]

The Netherlands, Utrecht, LVerdonck, University Medical Centre
Utrecht [239]

New Zealand, Christchurch, N Patton, Canterbury Health Laboratory
[798]

New Zealand, Wellington, K R Romeril, Wellington Hospital [581]
Norway, Oslo, L Brinch, Rikshospitalet National Hospital [235]
Poland, Gdansk, A Hellmann, Medical University of Gdansk [799]
Poland, Katowice, J Holowiecki, Silesian Medical Academy [677]
Poland, Poznan, J Hansz, K.Marcinkowski University [730]
Poland, Poznan, J Wachowiak, K Marcinkowski University of Med.
Sciences [641]

Poland, Warsaw, K Sulek, Military Medical Academy [816]
Poland, Wroclaw, A Lange, K.Dluski Hospital and Institute of Imm.
and Exp. Therapy [538]

Portugal, Lisboa, M Abecasis, Inst.Portogues Oncologia [300]
Portugal, Porto, P Pimentel, Inst.Portogues Oncologia Centro do
Porto [291]

Russia, St Petersburg, dr Moiseev, Russian Institute of Technology
[724]

Saudi Arabia, Riyadh, A Alabdulaaly, Riyadh Armed Forces Hospital
[818]

Saudi Arabia, Riyadh, S Bazarbashi, King Faisal Specialist Hospital
and Research Centre [397]

Slovakian Republic, Banska Bystrica, K Mocikova, Roosevelt
Hospital [333]

Slovakian Republic, Bratislava, J Lakota, National Cancer Institute
[610]
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Switzerland, Geneva, B Chapuis, Hôpital Cantonal Universitaire [261]
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