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a b s t r a c t
In order to evaluate the immunogenicity, safety, and tolerability of monovalent 2009 pandemic inﬂuenza
A/H1N1 MF59-adjuvanted vaccine in patients with ␤-thalassemia major, 31 subjects (19 males; mean
age 17.8 ± 8.7 years) with ␤-thalassemia major and 28 age- and gender-matched healthy controls were
enrolled. Four weeks after vaccination, seroconversion rates were about 80% and seroprotection rates
100% in both groups. Three months after vaccination, most of the subjects remained seroconverted and the
seroprotection rates were 93.5% among the patients and 100% among the controls. Safety and tolerability
were also very good, with no differences between the groups.
© 2010 Elsevier Ltd. All rights reserved.

1. Introduction
The list of patients for whom inﬂuenza vaccination is recommended by all health authorities includes those with chronic blood
disorders such as ␤-thalassemia major [1] because chronic anemia
with tissue hypoxia, multiple blood transfusions, increased iron
deposits, and iron chelation therapy can all reduce host defences
and increase susceptibility to bacterial and viral infections [2].
Furthermore, most patients with ␤-thalassemia major are splenectomised or have functional spleen deﬁcits, both of which can cause
a further increase in the risk of inﬂuenza-related complications
as they are associated with a reduced speciﬁc antibody response,
an impaired complement-dependent opsonisation pathway, and
decreased phagocytosis [3,4].
The ﬁndings of studies of the immune response to vaccines
of patients with functional or anatomical asplenia indicate that
their vaccine-induced immunogenicity is similar to that of healthy
subjects, but the fact that vaccine failures have been reported in
properly immunised asplenic subjects suggests that protection can
sometimes be less than expected [5]. There are few data regarding the immunogenicity of inﬂuenza vaccines in asplenic patients
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and those that are available seem to indicate that, at last in the
case of seasonal A/H1N1 antigen, the seroprotection rates evoked
by the inactivated vaccine are lower than in healthy subjects
[6].
The recent inﬂuenza pandemic caused a new A/H1N1 virus
led to a higher incidence of hospitalisations and death than the
annual rates associated with seasonal inﬂuenza viruses [7]. A
number of speciﬁc vaccines against this virus can generate adequate antibody responses in healthy subjects [8], but there are no
published data concerning their efﬁcacy in spenectomised and nonsplenectomised patients with chronic anemia. The aim of this study
was to evaluate the immunogenicity, safety, and tolerability of the
2009 monovalent pandemic inﬂuenza A/H1N1 MF59-adjuvanted
vaccine in patients with ␤-thalassemia major.
2. Material and methods
2.1. Study population
Adolescents and young adults with ␤-thalassemia major regularly attending the outpatient clinic of the Department of Maternal
and Pediatric Sciences of the University of Milan (Italy) were considered eligible for the study. As the pandemic A/H1N1 inﬂuenza
vaccine was available in Italy only about four weeks after the ﬁrst
documented episode of pandemic inﬂuenza, those who had suf-
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2.4. Statistical analysis
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Serum antibody levels were determined by means of a hemagglutination inhibition (HI) assay using a standard method [9]. The
serum samples were tested in duplicate at an initial dilution of
1:10, and those that were negative for the antibody were assigned
an arbitrary titre of 1:5. The HI antibody titres were expressed as
the reciprocal of the highest dilution of serum which completely
inhibited hemagglutination.
The parameters used as expressions of a humoral immune
response were the seroconversion rate (deﬁned as the percentage
of subjects experiencing at least a 4-fold increase in HI antibody
titre from a seropositive pre-vaccination titre or an increase from
<10 to ≥40 in those who were seronegative), geometric mean titres
(GMTs), the difference between the mean pre- and post-vaccination
titre, and the seroprotection rate (deﬁned as the percentage of subjects reaching an HI titre of ≥40).
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All of the subjects received a single dose of the monovalent
pandemic inﬂuenza A/H1N1 MF59-adjuvanted vaccine produced
by Novartis (Focetria, Siena, Italy). Each dose contained 7.5 g of
H1 hemoagglutinin, 9.75 mg of the squalene MF59, 1.175 mg of
polysorbate 80 and 1.175 mg of sorbitan trioleate in buffer, and was
administered by means of an injection into the deltoid muscle of
the non-dominant arm.
Serum samples were collected for antibody assay immediately
before the vaccine was administered, and four weeks (28 ± 2 days)
and 3 months (90 ± 2 days) later.
The subjects were observed for 30 min after the injection, and
they or their parents recorded the occurrence of solicited and unsolicited local symptoms (erythema, swelling/induration, and pain) or
systemic symptoms (an axillary temperature of ≥38 ◦ C, irritability,
sleepiness, changes in eating habits, vomiting, diarrhea, malaise,
muscle ache) for the next 14 days. The symptoms were considered mild if they did not interfere with normal everyday activities,
and severe if they prevented them and required medical attention.
Adverse reactions were deﬁned as any reaction that persisted for
longer than seven days after the vaccination, and serious adverse
reactions as any reaction that required medical attention or hospitalisation during the study period.
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beginning of the study were excluded in order to avoid the risk of
enrolling patients who had already had the disease. A similar number of healthy age- and gender-matched subjects were enrolled as
controls.
The study protocol was approved by the Ethics Committee of
the Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,
Milan, Italy. Written informed consent to participate in the study
was obtained from all of the subjects and from the parents or legal
guardians of those aged less than 18 years.
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Table 1
Immunogenicity endpoints against the 2009 pandemic A/H1N1 inﬂuenza strain in patients with ␤-thalassemia major and healthy controls (a), and in splenectomised and non-splenectomised patients with ␤-thalassemia major
(b).
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Table 2
Summary of solicited local and systemic reactions in the 14 days following vaccination with the 2009 pandemic A/H1N1 MF-59 adjuvanted inﬂuenza vaccine in children
with ␤-thalassemia major and healthy controls.
Adverse events
Local reactions, no. (%)
Erythema
Swelling/induration
Pain
At least one local event
Systemic reactions, no. (%)
Fever ≥38 ◦ C
Rhinitis
Malaise
Spleepiness
Changed eating habits
Vomiting
Diarrhea
At least one systemic event
At least one local or systemic event
Required drugs for local or systemic events
Serious adverse events

Thalassemic patients (n = 31)

Healthy controls (n = 28)

1 (3.2)
1 (3.2)
6 (19.3)
7 (22.6)

2 (7.1)
3 (10.7)
7 (25.0)
7 (25.0)

4 (12.9)
1 (3.2)
1 (3.2)
1 (3.2)
1 (3.2)
1 (3.2)
1 (3.2)
8 (25.8)
11 (35.5)
4 (12.9)
0 (0.0)

7 (25.0)
5 (17.9)
5 (17.9)
3 (10.7)
4 (14.3)
1 (3.6)
2 (7.1)
10 (35.7)
12 (42.9)
8 (28.6)
0 (0.0)

Percentages in parentheses. No signiﬁcant differences between the patients with ␤-thalassemia major and healthy controls.

3. Results
Of the 47 eligible patients with ␤-thalassemia major followed
up, 31 (65.9%) were enrolled in the study (19 males; mean age
17.8 ± 8.7 years), including 15 (48.4%) who had undergone splenectomy at least three years before entering the study. All of the
patients had received transfusions of ﬁltered red blood cell concentrates at regular intervals (a mean of 15 transfusions/year), and
seasonal inﬂuenza vaccine in the two years preceding this study.
The control group consisted of 28 healthy subjects with similar
characteristics in terms of gender (20 males), age (17.6 ± 7.0 years)
and previous inﬂuenza vaccinations.
Table 1 shows the immune responses of the two groups after
the administration of the 2009 pandemic inﬂuenza A/H1N1 MF59adjuvanted vaccine. About 35% of the subjects in all the groups
had baseline speciﬁc antibody titres of 40 or more upon HI assay
and a measurable GMT. Four weeks after the administration of
the vaccine, thalassemic children and healthy controls had seroconversion rates of about 80% and seroprotection rates of 100%.
GMTs and the increase in antibody levels were higher in the group
of ␤-thalassemia patients but not signiﬁcantly so. Three months
after the vaccination, most of the subjects remained seroconverted
without any statistically signiﬁcant difference between the groups,
and 93.5% of the thalassemic patients and 100% of the controls
were still seroprotected. GMTs and their increase from baseline
remained higher in the ␤-thalassemic patients, but there was still
no statistically signiﬁcant difference in comparison with the controls.
There was no signiﬁcant difference in seroconversion rates,
GMTs or seroprotection rates between the splenectomised and
non-splenectomised ␤-thalassemic patients.
Table 2 summarises the incidence of solicited and unsolicited
local and systemic reactions in thalassemic patients and healthy
controls during the 14 days following vaccination. Local reactions
occurred in 25% of the subjects in both groups, whereas systemic
reactions were more frequent among the controls, but this difference was not statistically signiﬁcant. No serious adverse event
occurred in any of the enrolled subjects.
4. Discussion
Our ﬁndings indicate that the antibody responses to the administration of a single dose of the monovalent 2009 pandemic
inﬂuenza A/H1N1 MF59-adjuvanted vaccine are similar in patients
with ␤-thalassemia major and healthy subjects, and enough to

suggest long-lasting protection from pandemic inﬂuenza infection
as more than 90% of the thalassemic patients had seroprotective antibody titres three months after the administration of the
vaccine. Moreover, the immunogenicity of the pandemic MF59adjuvanted vaccine was the same in the splenectomised and
non-splenectomised patients. This can be explained by the fact that
the adolescents and young adults who had undergone splenectomy
had done so at least three years before their enrolment in the study.
It is well known that the negative impact of splenectomy is greater
in younger patients and, in most cases, no longer relevant three
years after surgery [5]. The safety and tolerability of the vaccine
were also very good, with no difference between the groups or in
comparison with the results of other studies of MF59-adjuvanted
vaccines [10].
Clinical experience with avian and human inﬂuenza vaccines
in subjects who are presumed to have no pre-existing antibody
(as in the case of the 2009 pandemia) suggests that two doses are
required to induce a protective HI antibody titre, but we found that
a single dose was sufﬁcient. This is clinically relevant because it
is well known that compliance to a double-dose regimen is usually poor and that a number of subjects remain unprotected even
if they have received the ﬁrst vaccine dose [11]. However, it is not
clear whether the increase in the speed and magnitude of the antibody response in our subjects with ␤-thalassemia major was due
to the addition of MF59 to the A/H1N1 antigen or to other factors,
or a combination of both. High seroprotection rates have also been
found in healthy subjects administered pandemic vaccines without
adjuvants [12,13], which suggests that the pandemic H1 hemagglutinin is a strong antigen that can adequately stimulate the immune
system even in hosts, as in our study, whose defences are a little
less efﬁcient than those of healthy subjects.
It is also possible that there may be a greater degree of preexisting immunity against the pandemic virus in the population
than originally presumed. As previously reported by others [14],
we found that about one-third of our patients and controls had
antibodies against HI and, although we excluded subjects who had
suffered a recent inﬂuenza-like illness, it is not possible to exclude
asymptomatic infection with the pandemic virus as local viral activity had already begun before the beginning of the study. Finally,
it cannot be excluded that a previous vaccination with the traditional seasonal A/H1N1 strain may play a role. Although the 2009
pandemic A/H1N1 virus is antigenically very distant from recently
circulating seasonal H1N1 strains, previous vaccinations may have
led to the development of a certain degree of immune memory.
The pandemic virus is still of the same H1N1 subtype, and there are
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reports of cross-protection arising from exposure to antigenically
drifted strains of the same inﬂuenza subtype [15].
In conclusion, the immune response to monovalent 2009
pandemic inﬂuenza A/H1N1 MF-59 adjuvanted vaccine is similar in splenectomised and non-splectomised patients with
␤-thalassemia major and in healthy subjects. Protection can be
assured by a single vaccine dose. Moreover, also the safety and tolerability of the vaccine is similarly good. Although these data need
to be conﬁrmed in larger study populations, they could be extrapolated when considering inﬂuenza vaccine use in subjects with
other hemoglobinopathies (i.e. sickle cell disease) or other types of
splenectomised patients. Further studies are required to elucidate
the greater immune response to the pandemic MF59-adjuvanted
product in comparison with non-adjuvanted or differently adjuvanted inﬂuenza vaccines, and to evaluate immune responses in
younger patients.
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