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Influenza is one of the most common infectious diseases,
and human immunodeficiency virus 1 (HIV-1)-infected
individuals are particularly endangered by development
of its complications (1). Influenza is, however, effectively
preventable by annual vaccination, and regular vaccination
is recommended for both the general population and all
endangered groups. Vaccination against seasonal influenza
has also been proven to be effective and safe in several stud-
ies with HIV-1-infected subjects. For safety reasons, HIV-
1-infected individuals are vaccinated only with inactivated
influenza vaccines. HIV-1-infected individuals with CD4+
T lymphocyte (CD4+) counts >500 cells/pl are generally
regarded as sufficiently immunocompetent, whereas those
individuals with CD4+ counts < 200 cells/pl are considered
to have significantly reduced immunoresponsiveness (2).
Titers of post-vaccination hemagglutinin-specific antibodies
>40 are generally considered protective and, according to the
requirements of the Committee for Medicinal Products of
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Abbreviations: CD4+ = CD4+ T lymphocyte; EMA/CHMP = Com-
mittee for Medicinal Products of the European Medicines Agency;
HA = hemagglutinin, HIV = human immunodeficiency virus

the European Medicines Agency (EMA/CHMP), the protec-
tion rate should reach at least 70% of vaccinees, the response
rate — defined as a 4-fold or higher increase in HA-specific
antibody titers — should reach a minimum of 40% vaccinees,
and the conversion factor — defined as the ratio of the post-
vaccination geometric mean titers to the pre-vaccination
geometric mean titers — should exceed 2.5 (3).

The advent of the 2009 HIN1 pandemic influenza A virus
has raised concerns about the immunogenicity and safety of
newly developed vaccines, especially in immunocompro-
mised individuals.

In our study, we evaluated the immunogenicity and
safety of a new adjuvanted pandemic influenza vaccine in 34
HIV-1-infected patients: 33 males and 1 female at the mean
age of 43 years (range 27-71). All vaccinees were over the age
of 18 years and signed the informed consent form. None of
them had received influenza vaccinations in the three seasons
prior or suffered from an episode of a febrile illness during
the last six months. The mean baseline CD4+ count was 568
cells/ul (range 90-1151) and the mean nadir CD4+ count
was 306 cells/ul (range 6-673). Twenty-six patients (76.5%)
were on combination antiretroviral therapy and 23 (88.5%)
of them had a baseline HIV RNA viral load of < 20 copies/ml.
In five subjects (11.2%), HA-specific antibodies were already
found in the pre-vaccination serum: three of them had low
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Table. Characteristics of vaccinees with and without protective (=40) post-vaccination anti-HA titers

Seroprotection

No seroprotection

(n=24) (n=10) p-value
Mean age in years (standard deviation) 44.1 (9.5) 40.9 (12.3) 0.411
Mean baseline CD4+ cells/ul (standard deviation) 604 (276) 480 (261) 0.232
Mean nadir CD4+ cells/ul (standard deviation) 318 (161) 276 (192) 0.511
Mean duration of HIV infection in years 8.6 (6.1) 8.6 (6.8) 0.976
(standard deviation)
Number of vaccines with a baseline viral load of <20 HIV RNA 19 (79.2%) 3(30.0%) 0.015
copies/ml (%)
Number of vaccines on combination antiretroviral therapy (%) 20 (83.3%) 6 (60.0%) 0.195
Geometric mean of baseline titers (95% CI) 1.6 (0.9-2.3) 1.3 (0.4-2.1) 0.532
Geometric mean of post-vaccination titers (95% CI) 84.8 (45.5-124.0) 6.0 (1.7-10.4) <0.001

titers of 10, and the other two subjects had titers of 20 and
40, respectively.

Inactivated adjuvanted split HIN1 influenza vaccine
(Pandemrix’, GlaxoSmithKline), containing 3.75 ug of
hemagglutinin (HA) A/California/7/2009 and the adjuvant
AS03, was used for vaccination. Two serum samples were
collected from the vaccinees: the first sample on day 0 at
the time of vaccination, and the second on day 28 + 2 after
the vaccination. The vaccinees were also asked to note pos-
sible reactions and/or side effects. Antibody production was
tested by hemagglutination-inhibition assay according to
WHO methodology (4). The levels of protective antibodies
were quantified and evaluated according to the standard
parameters set by the EMA/CHMP (3).

Arithmetic means, standard deviation, 95% confidence
intervals, counts and proportions were calculated for statis-
tical analysis. Unadjusted group comparisons are based on
a two-sided, two-sample Student’s t-test and Fisher’s exact
test. Potential predictors for reaching protective titers were
assessed by logistic regression.

Twenty-eight days after the vaccination, protective
anti-HA titers >40 were found in 24 (70.6%) vaccinees with
a mean baseline CD4+ count of 604 cells/ul and a nadir
CD4+ count of 318 cells/pl. The response rate was 79.4%
(27 vaccinees) and the conversion factor was 26.1. Post-
vaccination anti-HA titers >40 were not found in ten (29.4%)
individuals with a mean baseline CD4+ count of 480 cells/ul
and a nadir CD4+ count of 276 cells/pl. These CD4+ counts
were lower than in the vaccinees with protective titers, but
the difference was not significant. Four vaccinees (11.2%) had
undetectable anti-HA titers in both the baseline and post-
vaccination serum samples. Their mean nadir CD4+ count
was 309 cells/pl (range 79-400) and their mean baseline
CD4+ count was 724 cells/pl (range 342-1151).

In a logistic regression model with an indicator of pro-
tective titers as the dependent variable, only the viral load
was significantly associated (odds ratio = 0.06, p = 0.022)
with the outcome, whereas the time from HIV diagnosis,

age, and CD4+ counts remained insignificant. The basic
characteristics of the vaccinees with and without protec-
tive post-vaccination antibody titers are summarized in the
Table. No serious adverse events were observed; only nine
individuals (26.5%) reported moderate pain at the applica-
tion site lasting a maximum of 2 days.

In our study, 24 (70.6%) vaccinees had protective anti-HA
titers 28 days after the vaccination. In the studies with non-
adjuvanted monovalent pandemic vaccines with 15 pg of HA,
the protection rate ranged from 60.8% to 75.5% (5, 6). In the
studies with adjuvanted vaccines (AS03 + 3.75 pg HA), the
protection rate ranged from 45.2% t0 92.2% (7, 8). In the stud-
ies with another adjuvanted vaccine (MF59 + 7.5 pg of HA),
the protection rate was between 78% and 97.7% (9, 10).

The protection rate of 70.6% reached in our cohort thus
exceeded, albeit only narrowly, the limit required for the
normal population. Other parameters, such as the 26.1
conversion factor and the 79.4% response rate, also exceeded
the requirements of the EMA/CHMP (3).

The reasons why ten (29.4%) vaccinees did not produce
protective titers despite relatively high CD4+ counts are
not clear. A sufficient number of CD4+ cells, is generally
considered an important factor for humoral immune re-
sponse; however, in several other studies with pandemic
vaccines, the predictive value of the CD4+ count was also
not found (5, 7, 11). A possible explanation for reduced im-
munogenicity of vaccination in individuals without serious
immunodeficiency may be found in immune dysregulation
affecting T- and B-cell quantities and functions, immune
activation or immunosenescene (12). In one study (13),
the production of protective antibodies correlated with
an increase in IL21 levels and IL21-R-expressing B-cells.
Unfortunately, these markers were not tested in any other
published studies.

Similarly to other studies, our study did not confirm the
predictive values of factors such as age, baseline HIV sup-
pression, or antiretroviral use (5, 7, 11, 14). Of course, the
major limitation in assessing the predictive value of those
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factors may likely be attributed to the relatively low number
of subjects tested in most of the published studies.

Five of our vaccinees had baseline titers of HA-specific
antibodies. The very low titers of <10 that were found in
three patients can occur despite preparation of the serum and
removal of non-specific inhibitors and do not imply previous
exposure to the pandemic 2009 virus (15). The baseline HA-
specific antibody titers of 20 and 40 detected in two other
individuals do not exclude the possibility of previous infection
with the pandemic 2009 virus. None of the participants expe-
rienced any acute respiratory infection in the 6-month period
preceding the vaccination. However, since the presence of the
pandemic 2009 virus was confirmed in the Czech Republic
six months before the start of the study, exposure to the virus
resulting in asymptomatic infection may not be excluded.

The only side effect observed in our study was moderate pain
at the application site with an incidence of 26.5%. This occur-
rence is within the range of incidence reported in other studies,
varying between 1.8% in one study where a non-adjuvanted
pandemic vaccine was used (14) and 84% observed in another
study where the AS03 adjuvanted vaccine was used (7).

The production of protective antibodies after vaccination
of HIV-1-infected individuals with a single dose of inac-
tivated pandemic adjuvanted influenza vaccine exceeded
beyond the limits set by EMA/CHMP for the healthy adult
population (3). The results of our study thus confirmed
satisfactory immunogenicity and good tolerability of the
tested vaccine and helped to reduce the concerns about the
inferiority of vaccines based on novel pandemic influenza
A virus antigens.
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