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Introduction

A new influenza A/H1N1strain was recognized in early
2009 and developed into a pandemic with severe disease
documented in risk groups.1-4 Hematopoietic stem cell trans-
plant (HSCT) recipients were at greater risk for complica-
tions from seasonal influenza than the general population,
especially before the introduction of neuraminidase
inhibitors.5-7 Annual vaccination is, therefore, recommended

for HSCT patients, their family, and the hospital staff caring
for them.8 Neuraminidase inhibitors have become widely
used for therapy, and higher doses and longer duration of
antiviral treatment might be needed in transplant recipients.9

The WHO recently declared the end of the A/H1N1 pan-
demic. However, the pandemic influenza A/H1N1 virus is
still circulating and is included in the 2010/2011 trivalent vac-
cine. Vaccine responses may be suboptimal after HSCT10-12

including the responses to the 2009 A/H1N1 influenza vac-
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During 2009, a new strain of A/H1N1 influenza appeared and
became pandemic. A prospective study was performed to col-
lect data regarding risk factors and outcome of A/H1N1 in
hematopoietic stem cell transplant recipients. Only verified
pandemic A/H1N1 influenza strains were included: 286
patients were reported, 222 allogeneic and 64 autologous
recipients. The median age was 38.3 years and the median
time from transplant was 19.4 months. Oseltamivir was
administered to 267 patients and 15 patients received
zanamivir. One hundred and twenty-five patients (43.7%)
were hospitalized. Ninety-three patients (32.5%) developed
lower respiratory tract disease. In multivariate analysis, risk
factors were age (OR 1.025; 1.01-1.04; P=0.002) and lym-
phopenia (OR 2.49; 1.33-4.67; P<0.001). Thirty-three patients
(11.5%) required mechanical ventilation. Eighteen patients
(6.3%) died from A/H1N1 infection or its complications.
Neutropenia (P=0.03) and patient age (P=0.04) were significant
risk factors for death. The 2009 A/H1N1 influenza pandemic
caused severe complications in stem cell transplant recipients.
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cine.13 In the summer of 2009, two separate surveys were
designed to gather information on A/H1N1 infected
HSCT patients to characterize the illness and determine
risk factors for severe complications. 

Design and Methods

Data was collected through two prospective surveys; one
from the European Group for Blood and Marrow
Transplantation (EBMT) and the other from the Infectious
Complications Subcommittee of the Spanish Group of
Haematopoietic Stem Cell Transplantation (GETH). All centers
belonging to the two organizations were invited to take part.
Data were collected from July 2009 through May 2010. While
not identical, both surveys collected information through stan-
dardized case-collection forms regarding patients’ characteristics
and their treatment, factors determining their immunosup-
pressed state, characteristics of the influenza infection, compli-
cations, vaccination status, antiviral therapy and outcome. All
patients had given their consent to the data collection.
Institutional review board approval was sought as required
locally at participating centers. Only patients with molecular
proof of pandemic influenza A/H1N1 were included.
Oseltamivir resistance was assessed when feasible and as clini-
cally indicated by nucleic acid sequencing of the A/H1N1 neu-
raminidase gene. 
Lower respiratory tract (LRT) disease was defined as presence

of pulmonary infiltrates and/or hypoxemia. Cause of death was
assessed by the local investigator. Lymphopenia was defined as
less than 0.3¥109/L and neutropenia as less than 0.5¥109/L. Data
were collected in Stockholm for the EBMT and in Madrid for the
GETH patients. All data were merged and analyzed in
Stockholm. Proportions were compared using the χ2 test.
Univariate analysis was used to identify factors that led to LRT
disease, ventilator use or death. Multivariate analysis was per-
formed with backwards stepwise logistic regression modeling
using Statistica version 9.0.

Results and Discussion

Two hundred and eighty-six patients were included in
the study; 222 had undergone allogeneic and 64 autolo-
gous HSCT. The median age was 38.3 years (range 3.3-
72.3). Age distribution is shown in Table 1. Forty-seven
patients had received bone marrow, 231 peripheral stem
cells, and 8 cord-blood grafts. One hundred and thirty
patients had HLA-identical sibling donors, 11 other family
donors, and 81 unrelated donors. 
The median time from HSCT was 19.4 months (0-

204.9). Symptoms of the infection are shown in Table 2.
One hundred and twenty-five patients (43.7%) were or
became hospitalized due to the A/H1N1 infection. Thirty-
three patients were reported as having developed the
A/H1N1 infection while in hospital (nosocomial infec-
tion).
One hundred and five patients (36.7%) had received

influenza vaccine: 94 patients (32.9%) had been vaccinated
against seasonal influenza. Thirty-three patients (11.5%)
had received at least one dose of a 2009 A/H1N1 vaccine;
6 had received 2 doses. Twenty-two patients (7.0%) had
received both seasonal and A/H1N1 vaccines. Two hun-
dred and sixty-seven patients (93.3%) received oseltamivir
therapy. Fifteen patients were given zanamivir (5.2%). 

Lower respiratory tract disease occurred in 93 patients
(32.5%); 68 of 222 allogeneic and 25 of 64 autologous
patients. The frequency in children under the age of ten
years was 17.8%.  The risk thereafter increased with age
so that LRT developed in 19 of 40 (47.5%) patients over
the age of 60 years (Table 1). In univariate analysis, age,
lymphopenia, neutropenia, nosocomial acquisition, and
ongoing immunosuppressive therapy were significant fac-
tors for LRT disease while type of transplant (allogeneic vs.
autologous), donor type, and time between HSCT and
A/H1N1 infection analyzed as a continuous variable had
no significant impact. However, patients infected with
H1N1 less than 12 months after HSCT had a higher risk
for LRT (49%) compared to those who developed H1N1
later (23%). When analyzed together  in univariate analy-
sis, vaccination against A/H1N1 and/or seasonal influenza
lowered the risk for LRT (P=0.045) but when exposure to
either A/H1N1 or seasonal influenza vaccine was ana-
lyzed separately there was no impact.
In multivariate analysis, patient age (OR 1.025; 1.01-

1.04; P=0.002) and lymphopenia (OR 2.49; 1.33-4.67;
P<0.001) were significant risk factors for LRT disease.
Vaccination had no protective effect in the multivariate
model (OR 0.98 (CI 0.52; 1.83); P=NS). Splitting the
cohorts into allogeneic and autologous HSCT recipients,
significant risk factors in the allogeneic group were age
(OR 1.02; 1.01-1.04; P=0.006), lymphopenia (OR 2.8; 1.4-
3.9; P<0.001), and having an unrelated or mis-matched
family donor (OR 1.8; 1.1-3.0; P=0.02), No significant risk
factor was found among autologous HSCT recipients.
Thirty-three patients required mechanical ventilation

(11.5%): 25 of the 222 allogeneic transplant patients and 8
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Table 1. Distribution of the frequency of lower respiratory tract disease
by patient age group.
Age in years at     Number and percentage     Number of patients   Total
H1N1 infection            of patients who            who did not develop
                          developed lower respiratory    lower respiratory
                                     tract disease                  tract disease

0-9                                           5 (17.8%)                                     23                      28
10-19                                       8 (21.0%)                                     30                      38
20-29                                      15 (33.3%)                                    30                      45
30-39                                       8 (22.2%)                                     28                      36
40-49                                      22 (39.3%)                                    34                      56
50-59                                      16 (37.2%)                                    27                      43
60-69                                      18 (47.4%)                                    20                      38
>70                                           1 (50%)                                        1                         2

Table 2. Symptoms of H1N1 infection.
Symptom                                         N. of patients                       %

Fever                                                                    232                                    81.1
Cough                                                                  242                                    85.0
Rhinorrhea                                                         141                                    49.3
Muscle ache                                                        82                                     28.7
Sore throat                                                          65                                     22.7
Dyspnea                                                               71                                     24.8
Gastrointestinal symptoms                             33                                     11.5
Neurological symptoms                                   10                                      3.5



of the 64 autologous transplant patients. The patients
requiring mechanical ventilation were significantly older
than those who did not (median age 53.5 vs. 35.0 years;
P=0.007). In the total cohort, age, lymphopenia, nosoco-
mial acquisition, and neutropenia were risk factors for
mechanical ventilation in univariate analysis. Age (OR
1.02; 1.00-1.04; P=0.03), and nosocomial acquisition (OR
1.7; 1.03-2.9; P=0.04) remained independent risk factors in
the multivariate analysis while lymphopenia were of bor-
derline significance (1.7; 1.0-2.8; P=0.050). In the allogene-
ic HSCT recipient cohort, age (P=0.039) and lymphopenia
(P=0.002) were significant risk factors in the multivariate
analysis.
Overall, 26 patients died during follow up.  Eighteen

(6.3%) died from A/H1N1 infection or its complications:
11 of the 222 allogeneic transplant patients and 7 of the 64
autologous transplant patients (P=NS). Sixteen patients
died from respiratory failure while 2 patients died due to
neurological disease. The median time from HSCT in the
cases of fatality was 13 months (0-184 months).
Univariate risk factors for death were age, neutropenia,
nosocomial acquisition, and lymphopenia.  In the multi-
variate analysis, neutropenia (P<0.01) and patient age
(P=0.04) were significant risk factors for death from
A/H1N1 influenza. 
Seven strains of 75 tested (9.3% of tested strains; 2.4%

of the entire population) were shown to be oseltamivir-
resistant. Six of these 7 patients had LRT disease
(P=0.005), 5 required mechanical ventilation (P<0.001),
and 5 patients died, 3 of them from A/H1N1 infection or
its complications (P<0.01).
Kumar et al. has reported data on 237 solid organ trans-

plant (SOT) recipients with pandemic A/H1N1 infection.3
Their results showed a high risk (31.7%) of pneumonia
with 15.6% of recipients requiring admission to intensive
care units. Our results in HSCT recipients were similar
with 32.5% of patients developing pneumonia and 11.5%
needing mechanical ventilation. The risk of death from
A/H1N1 infection or its complications was, however,
somewhat higher in our study than that reported by
Kumar et al. (6.3% vs. 4.2%). A small study from Australia
showed a high mortality rate (21.9%) in hospitalized allo-
geneic HSCT patients and patients with malignancy.14 Our
corresponding proportion was 14.5%. Before the avail-
ability of neuraminidase inhibitors, mortality from
influenza A in HSCT recipients was reported to be up to
15%.5,7 In more recent studies, both morbidity and mortal-
ity rates have fallen, suggesting a positive effect of neu-
raminidase-inhibitor therapy.6,15 The rapid increase in the
rate of oseltamivir resistance in non-pandemic H1N1 has,
however, become a major concern.16
The design for both the EBMT and the GETH studies

probably identified the more severe cases, since patients
with milder infections presumably did not seek medical
attention as often as those with more significant symp-
toms. The denominator of A/H1N1-infected transplant
recipients is, therefore, difficult to determine. It is, howev-
er, likely that the allogeneic HSCT recipients were more
likely to be diagnosed and reported than those who had
undergone autologous HSCT: we received five times as
many reports for the former, despite the fact that similar
numbers of allogeneic and autologous transplants are per-
formed annually.17 It is likely that the fact that we found
no difference in outcome between the two cohorts repre-
sents a reporting bias. Many patients were diagnosed

quite late after HSCT. This could be due to several rea-
sons, including the general advice given to these patients
to contact their physicians with the onset of significant
infections and the fact that these patients are prone to
more severe infections. In fact, the longest time from
transplant to fatal A/H1N1 infection was 184 months after
HSCT.  
We found age and lymphopenia to be risk factors for

pneumonia, mechanical ventilation and death. Studies
show that the likelihood of severe complications from the
pandemic increased with age, presumably representing the
presence of concomitant diseases. Similar results were
found in the Kumar study.3 Two small studies of children
with malignancies infected with the A/H1N1 pandemic
strain also suggest relatively mild disease.18,19 Lymphopenia
has been identified as a risk factor for LRT disease, both for
influenza and for infections with other respiratory viruses.5
Although we found that neutropenia was a significant risk
factor for death, this was not the case for pneumonia or for
mechanical ventilation. This could be due to an increased
risk of secondary bacterial infections.  Among allogeneic
patients, a transplant from an unrelated or mismatched
family donor was a risk factor for LRT disease. This is rec-
ognized in other viral infections due to delayed immune
reconstitution as compared with patients receiving HLA-
matched sibling donor grafts. Interestingly, having an unre-
lated donor in allogeneic HSCT and lower lymphocyte
counts were recently found to be associated with poor
antibody response to 2009 A/H1N1 vaccination.13 In our
study, it was not possible to analyze in sufficient detail the
impact of acute or chronic graft-versus-host disease which
may, of course, influence the likelihood of lymphopenia.
The same probably applies to ongoing immunosuppressive
therapy, which was a risk factor in our univariate but not
in our multivariate analysis.
Oseltamivir therapy initiated within 48 h of symptom

onset was associated with reduced risk both for pneumo-
nia3,4 and for the need for intensive care.3 While most
patients received antiviral therapy, we have no informa-
tion about time to initiation. It is logical, however, that
rapid antiviral treatment is at least as important after
HSCT as after organ transplantation, despite the absence
of formal, prospective, controlled studies. Although the
rates of oseltamivir resistance have until now been quite
low for the pandemic A/H1N1 strain,20 it is worthy of note
that we found a relatively high incidence and this also
seemed to affect the severity of the disease in these
patients.  However, it is likely that severe disease prompt-
ed testing for resistance. Thus, our finding does not neces-
sarily imply that oseltamivir resistant pandemic A/H1N1
strains are more pathogenic. Another report shows a high
incidence of oseltamivir resistance in hematology/oncolo-
gy patients21 suggesting that immunosuppressed patients
are more at risk of having resistant strains.
Vaccination is the key preventive measure against

influenza and is recommended both by health authorities
and by scientific organizations.8,22 Experience from the
A/H1N1 pandemic, however, shows the difficulty of rap-
idly producing and delivering a pandemic strain vaccine.
An important issue is, therefore, whether the seasonal
vaccine had any effect. Unfortunately, our multivariate
analysis did not show any protective effect from either the
seasonal or the A/H1N1 vaccines against the more severe
complications. The possibility of a protective effect of the
seasonal vaccine has been suggested by an early study
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from Mexico23 and findings of cross-reacting antibodies in
some but not all studies.24 It should be noted that most
patients receiving A/H1N1 vaccine only received a single
vaccination and the interval between vaccination and
infection was short (data not shown). No conclusions
regarding efficacy can, therefore, be drawn. 
Our study shows that new influenza A strains can cause

significant morbidity and even mortality in HSCT recipi-
ents, and its impact would have been devastating had the
strain been more pathogenic. Strategies must, therefore,
be in place as soon as possible during the early phase of
influenza pandemics and large outbreaks of seasonal
influenza for management of high-risk individuals. 
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