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Immunization with a pandemic influenza A H1N1 2009 was recommended for HIV-infected patients. However, there is limited
information concerning the impact of immunizationwith this vaccine on immune activation andHIVviral replication. In this study,
45 HIV-infected children and adolescents receiving antiretroviral therapy were immunized with a 2-dose series of nonadjuvated
monovalent influenza A H1N1 2009 vaccine upon enrollment and approximately 1 month later. Immunogenicity was determined
by haemagglutination inhibition assay. The level of immune activation was determined by identification of CD38 and HLA-DR on
CD8+ T cells. Patients were divided into 2 groups which include patients who had an undetectable HIV viral load (HIV detectable
group) and patients who show virological failure (HIV nondetectable group). The results showed seroconversion rate of 55.2% in
HIV nondetectable group, whereas 31.3% was found in HIV detectable group. Both groups of patients showed no major increase
in immune activation after immunization. Interestingly, a decrease in the frequency of CD8+ T cells that coexpressed CD38 and
HLA-DR was observed after immunization in both groups of patients. We suggested that immunization with influenza A H1N1
2009 vaccine can induce immune response to the pandemic virus without major impact on HIV viral replication and immune
activation.

1. Introduction

A recent pandemic of an influenza A H1N1 2009 caused a
wide spread impact on global health [1]. It is becoming
an important issue that an urgent production of influenza
vaccine in response to a new pandemic is required in order to
control the infection. In general, influenza vaccination is rec-
ommended for protection in a group of people at a high risk
of susceptibility to infection. HIV-infected patients were

normally recommended due to severe complications in this
group of patients [2]. However, the potential benefit of vac-
cination in HIV-infected patients remains questionable due
to an observation of suboptimal immune response [3] and
concerns about an increasing HIV viral replication after
vaccination [4].

A potential mechanism concerning an influence of
immune activation on HIV viral replication suggested that
the induction of immune activation during the course of



222 Disease Markers

vaccination might be able to induce an active HIV viral
replication. Many studies demonstrated the alteration of
CD4+ T cell count and the level of HIV viral load which are
themarkers for HIV disease progression.The studies in HIV-
infected patients who immunized with influenza vaccine
showed that there was a minor change in the level of HIV-1
proviral DNA and significantly increased in HIV-1 RNA
when compared to prevaccination level [5]. Similar to this
study, Staprans and his colleagues used the high sensitivity
technique to detect HIV-1 RNA and found that plasma
viremia was increased within 1-2 weeks after immunization
and returned to the prevaccination level within 4 weeks after
immunization. However, plasma viremia in a few patients
did not return to baseline or even showed an increased level
during the study [6]. In the study reported by Ramilo et al.,
which studied HIV-infected children, it showed that 5 of 15
HIV-1-infected children who received influenza vaccination
showed an increase in HIV viral load up to 150% after immu-
nization and 4 of 15 patients showed that the HIV viral load
returns to baseline level within 6–8 weeks [7]. Furthermore, a
study that determines the impact of influenza vaccine onHIV
viral load and %CD4 in HIV-infected patients demonstrated
that immunization with influenza vaccine has high impact
on HIV viral load in HIV-infected patient who did not take
antiretroviral therapy. Similarly, a decrease in %CD4 after
immunization was also reported [8]. However, some studies
indicated that immune activation from influenza vaccination
did not significantly alter the HIV viral load and CD4+ T cell
count [9].

Beside the detection of HIV viral load, there was a
possibility of using immune activation as a marker of disease
progression in HIV-infected patients. Previous observation
showed that both CD8+ T lymphocyte number and per-
centage were increased, and their phenotype also changed
after acute HIV infection [10]. Furthermore, an increased
activationmarker level includingCD25,HLA-DR,CD38, and
CD57 on CD8+ T lymphocytes was also observed [11–14].
More importantly, the increase of CD38 and HLA-DR on
CD8+T lymphocytes is found to correlatewithHIVviral load
and is inversely correlated with CD4+ T cell count [14–18].

In this study, the correlation between immunization,
HIV viral replication, and immune activation was examined
in order to give an understanding on a relationship bet-
ween these parameters in HIV-infected children receiving
antiretroviral therapy.

2. Materials and Methods

2.1. Study Population. Forty-five HIV-infected children at 6
months to 18 years of age who had been followed at Faculty
of Medicine Siriraj Hospital, Mahidol University, Bangkok,
Thailand, were recruited. Out of 45, 22 (48.9%) are male.
All patients received anti-retroviral therapy at least 1 year
before the beginning of the study and throughout the study
period. Patients who received immunosuppressive therapy
for the previous 6 months or blood products in the previous
3 months were excluded from this study. None of these

patients received other licensed live vaccines within 4 weeks
or inactivated vaccines within 2 weeks of study entry.

2.2. Vaccine. An influenza A H1N1 2009 vaccine was the
monovalent, nonadjuvated influenza A H1N1 2009 vac-
cine (Panenza, Sanofi Pasteur, Val de Reuil, France). Each
dose (0.5mL) contained 15 𝜇g of haemagglutinin antigen of
influenza A/California/07/2009 (H1N1) v-like virus.

2.3. Study Procedure. The vaccine was provided for 2 doses,
approximately 1 month apart. The children 6 months to 3
years of age received half dose (0.25mL) of the vaccine. The
first dose of vaccine was given intramuscularly on enrollment
day and the second dose was given 28 days after the first dose.
Blood samples were drawn from the patients at enrollment
(baseline), 28 days after the first dose of immunization, and
28 day after the second dose of immunization.

2.4. Evaluation of Immunogenicity. Immunogenicity was
evaluated by measuring haemagglutination inhibition (HAI)
antibody titer at baseline and 28 days after each dose of immu-
nization. The HAI assay against the pandemic H1N1 strain
(A/Thailand/104/09) and the seasonal H1N1 (A/Brisbane/
59/07-like) strains was performed at the Department of
Microbiology, Faculty of Medicine Siriraj Hospital, Mahidol
University using standard assay. Protective antibody titers
were defined as HAI antibody titers ≥1 : 40. Seroconversion
was defined as a four-fold increase from baseline HAI
antibody titers in the subjects with a prevaccination HAI
antibody titer >1 : 10, or postvaccination HAI antibody titer
≥1 : 40 in the subjects with prevaccination HAI antibody titer
≤1 : 10.

2.5. CD4Count andHIVViral LoadDetection. RoutineCBC-
based absolute lymphocyte counts and CD4 T cell subset
analysis by flow cytometry was determined on aliquots of a
blood sample from each patient. Plasmas were also collected
by centrifugation of an aliquot of each blood sample and kept
at −70∘C and used in batches for HIV viral load determina-
tion. Abbott RealTime HIV-1 was used to determine HIV-
1 viral load level for each sample. The limit of detection is
40 copies/mL.

2.6. Immunofluorescence Staining and Flow Cytometric Anal-
ysis for Immune Activation. The following anti-human
monoclonal antibodies (mAbs) and their conjugated fluo-
rochromes were commercially obtained from Becton Dick-
inson Biosciences (BDB, San Jose, CA) and utilized at
the concentration recommended by the manufacturer: anti-
human CD3, clone UCHT1, conjugated with fluorescein
isothiocyanate (FITC); anti-human CD38, clone HB7, con-
jugated with phycoerythrin (PE); anti-human CD8, clone
SK1, conjugated with peridinin chlorophyll protein (PerCP);
anti-human HLA-DR, clone L243, conjugated with allophy-
cocyanin (APC). The whole blood procedure was utilized
for flow cytometric studies. Briefly, an aliquot of blood was
incubated with a combination of mAbs (CD3-FITC/CD38-
PE/CD8-PerCP/HLA DR-APC) followed by the addition
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Table 1: Values of CD4+ T cells.

Group

Absolute CD4 Count (cells/𝜇L) %CD4

Baseline
One month after

1st
immunization

One month after
2nd

immunization
Baseline

One month after
1st

immunization

One month after
2nd

immunization
Controller group (𝑛 = 29) 966 ± 521 985 ± 549 967 ± 549 30.15 ± 8.15 31.47 ± 7.70 31.85 ± 8.03

Noncontroller group (𝑛 = 16) 1176 ± 940 1192 ± 1007 1210 ± 896 25.35 ± 12.25 25.63 ± 12.11 26.64 ± 11.57

Table 2: Seroprotection and seroconversion rates against pandemic H1N1 2009.

Immunogenicity
Controller Noncontroller

Baseline
proportion (%)

After 1st dose
proportion (%)

After 2nd dose
proportion (%)

Baseline
proportion (%)

After 1st dose
proportion (%)

After 2nd dose
proportion (%)

Seroprotection 14/29 (48.3) 19/29 (65.5) 21/29 (72.4) 5/16 (31.3) 7/16 (43.8) 8/16 (50.0)
Seroconversion N/A 13/29 (44.8) 16/29 (55.2) N/A 5/16 (31.3) 5/16 (31.3)
Note: N/A: non applicable.

of FACS lysing solution (BDB) in order to lyse the red blood
cells. Following centrifugation and washing with phosphate
buffered saline (PBS), the cell pellet was resuspended in
freshly prepared 1%paraformaldehyde in PBS pH7.4 and sub-
jected to flow cytometric analysis. Six-parameter analysis was
performed on a FACSCalibur flow cytometer (BDB) using
Cellquest software. Cells were collected using lymphogate,
and at least 30,000 cells were analyzed per sample. CD8+ T
cells were identified based on CD3+ CD8+ population. The
frequency and density (mean fluorescence intensity, MFI) of
CD38 or HLA-DR expressing subsets was determined by a
histogram plot whereas the percentage of the CD38+ HLA
DR+ cells were determined by two-color dot plot (FITC
versus PE). Isotype controls were used to define the positive
and negative population.

2.7. Statistical Analysis. Data for each assay are presented
as mean ± S.D. of samples. The Mann-Whitney 𝑈 test was
used to determine the statistical significance of the difference
observed between groups.TheWilcoxon signed-rank test was
used to determine the statistical significance of the difference
observed between each time point. 𝑃 values <0.05 were
considered significant.

3. Results

3.1. HIV Viral Replication and CD4+ T Cell Level. Out of 45
patients, 37 (82.2%) patients had undetectable HIV viral load
at baseline. Eight patients who previously had undetectable
HIV viral load showed a transient increase in HIV viral load
after immunization (7 patients after the first dose and 1 patient
after the second dose). In contrast, 7 of 8HIV viremic patients
maintained detectable HIV viral load throughout the study
period. Thus, patients were divided into 2 groups based on
the presence of HIV viral replication during immunization
period. Sixteen (35.6%) patients who had detectable HIV
viral load were identified as HIV detectable group whereas 29
patients who had undetectable HIV viral load were identified
as HIV nondetectable group. The values of CD4 count

at baseline and after immunization are shown in Table 1. The
result showed no significant difference in the CD4 count at
the baseline between 2 groups. No significant change in CD4
count was observed in both groups after immunization.

3.2. Immunogenicity Evaluation. The serological responses
were showed in Table 2. At baseline, seroprotection to H1N1
2009 was found in 14 of 29 patients in HIV nondetectable
group (48.3%), whereas 5 of 16 patients were found in HIV
detectable group (31.3%). Furthermore, seroprotection to
seasonal influenza A was found in 14 of 29 patients in HIV
nondetectable group (48.3%), whereas 4 of 16 patients in HIV
detectable group (25%) showed seroprotection to seasonal
influenza A.

When seroconversionwas observed, the results fromHIV
nondetectable group showed that seroconversion to H1N1
2009 was found in 13 of 29 patients after the first dose of
immunization (44.8%) and increased to 16 of 29 patients after
the second dose of immunization (55.2%). More importantly,
seroprotection has increased in 19 of 29 patients after the
first dose of immunization (65.5%) and 21 of 29 patients
after the second dose of immunization (72.4%). However, no
seroconversion to seasonal influenza A was observed in this
group of patients except 2 patients who showed an increase
in the antibody titer that reaches seroprotection level after
the first and second doses of immunization, respectively.
In HIV detectable group, seroconversion to H1N1 2009
was found in 5 of 16 patients after the first and second
doses of immunization (31.3%). Furthermore, seroprotection
was found in 2 patients after the first and second dose of
immunization even though the antibody titer did not reach
seroconversion level. Thus, seroprotection has increased in
7 of 16 patients after the first dose of immunization (43.8%)
and 8 of 16 patients after the second dose of immunization
(50.0%). However, no seroconversion to seasonal influenza A
was observed in this group of patients.

3.3. Immune Activation. Immune activation level was
observed by the detection of CD38 and HLA-DR that
expressed on CD8+ T cells.The flow cytometric data analysis
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Figure 1: Representative gating and analysis of the frequency of CD8+ T cells that coexpressed CD38 and HLA-DR fromHIV nondetectable
group and HIV detectable group. Lymphocyte population is identified as a cell population with small forward scatter (FSC) and side scatter
(SSC).Then, CD8+T cells are identified by the expression of CD3 andCD8.The frequency of CD8+T cells that expressed CD38 andHLA-DR
is determined by the number in the upper right quadrant.

of a representative sample is illustrated in Figure 1. When
immune activation levels at baseline were examined, a
significantly higher frequency of CD8+ T cells that expressed
HLA-DR was observed in HIV detectable group when
compared to HIV nondetectable group (𝑃 = 0.0156).
Thus, the mean frequency of CD8+ T cells that expressed
HLA-DR was 37.0 ± 15.3 in HIV detectable group as
compared with 25.5 ± 14.3 in HIV nondetectable group.
Moreover, a significantly higher frequency of CD8+ T cells
that coexpressed CD38 and HLA-DR was observed in HIV
detectable group when compared to HIV nondetectable
group (𝑃 = 0.0057). Thus, the mean frequency of CD8+ T
cells that coexpressed CD38 and HLA-DR was 31.4 ± 14.6 in
HIV detectable group as compared with 19.9 ± 13.0 in HIV
nondetectable group.

In order to determine the alteration in immune activation
after immunization with an influenza A H1N1 2009 vaccine,
the level of immune activation was compared between each
time point. As shown in Figure 2, both groups of patients
showed no significant change in the frequency of CD8+ T
cells that expressed CD38 as well as the density of CD38 on
CD8+ T cell population. In contrast, significant decreases

in both frequency and density of HLA-DR expression were
observed in both groups of patients.

When coexpression of CD38 and HLA-DR was exam-
ined, a decrease in the frequency of CD8+ T cells that co-
expressed CD38 andHLA-DRwas observed after immuniza-
tion when compared with each time point in both groups
of patients (Figure 3). Similarly, a decrease in the frequency
of CD8+ T cells that expressed HLA-DR without CD38 was
observed after immunization when compared with each time
point in both groups of patients. In contrast to those 2
populations, an increase in the frequency of CD8+ T cells
that expressed CD38 without HLA-DR was observed after
immunization when compared with each time point in both
groups of patients.

4. Discussion

The results reported in this study showed that the use of a
monovalent, nonadjuvated influenza A H1N1 2009 vaccine is
moderately immunogenic inHIV-infected children receiving
antiretroviral therapy.More importantly, the presence of HIV
viral replication in the patients does not have an influence
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Figure 2: Comparison of mean frequency and mean fluorescence intensity of CD38+ or HLA-DR within CD8+ T cell population. Three
different time points including baseline (open columns), 28 days after the first dose of immunization (gray columns), and 28 days after the
second dose of immunization (black columns) are demonstrated for HIV nondetectable group and HIV detectable group. NS indicates no
significance.
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Figure 3: Comparison of mean frequency of CD8+ T cell population that coexpressed CD38 and HLA-DR. Three different time points
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on the induction of the immune response by the vaccine
as demonstrated by a similar seroconversion rate that was
observed in both HIV nondetectable and HIV detectable
group.

Studies using similar vaccine in healthy adults showed
higher seroprotection and seroconversion rates than that
observed in this study [19–21]. The results reported in
this study demonstrated low seroprotection and seroconver-
sion rates similar to that observed in the previous studies
which showed a low immunogenicity to a pandemic influenza
AH1N1 vaccine [22, 23]. Apart from a similar immunogenic-
ity after immunization with a pandemic influenza A H1N1
vaccine when compared to other studies, the results reported
in this study focused on the effect of a pandemic influenza A
H1N1 immunization on the level of immune activation which
has never been observed in other studies.This study answered
a question that is necessary and will be relevant to clinical
practice, since immunization alone might induce a disease
progression inHIV infected patients. If vaccination induces a
strong generalized immune activation in the patients, itmight
cause a serious side effect to the patients such as an induction
of HIV viral replication. An extremes caution needs to be
considered when starting an immunization program in HIV
infected patients.

Furthermore, in an attempt to examine the induction
of HIV viral replication and generalized immune activation
after immunization with a pandemic influenza A H1N1
vaccine, the result showed that immunization with this
vaccine did not induce a marked increase in HIV viral
replication except a transient increase in some patients.
Furthermore, no marked increase in the level of immune
activation, as determined by a combination of CD38 and
HLA-DR expression, since decrease levels of either HLA-
DR alone or in combination with CD38 were observed in
patients during baseline and after immunization. The reason
for a decrease in HLA-DR expression after immunization
with a pandemic influenza A H1N1 vaccine as observed in
this study remains unclear since a previous study showed
that an immunization with DNA-based HIV vaccine did not
induce any alteration in the expression of activation markers
[24].While another study showed that different cytokines had
different effects on the expression of HLA-DR on specific T
cell population [25]. It might be possible that an induction
of specific pattern of cytokine response during immunization
might induce a downregulation of HLA-DR expression on
CD8+ T cells.

While previous studies showed an increases HIV viral
replication after immunization [5–7], the finding that immu-
nization by an influenza A H1N1 vaccine in this study did
not induce a marked increase in HIV viral replication or
immune activation suggested that the immune stimulation
induced by the vaccine is safe in HIV-infected children.
It might be possible that the antiretroviral therapy which
was taken by these HIV-infected children has enough HIV
viral suppression effect during the time of antigen stimu-
lation by the vaccine. These results are in agreement with
a previous study that shows a stable HIV viral load and
CD4 T cell count after immunization with an influenza
vaccine [9].

5. Conclusion

In conclusion, the results in this study demonstrated that a
monovalent, nonadjuvated influenza A H1N1 2009 vaccine is
immunogenic in HIV-infected children receiving antiretro-
viral therapy regardless of neither the patients had active
HIV viral replication nor they had a complete suppression.
Furthermore, immunization did not significantly induce
either HIV viral replication, alteration of CD4+ T cell level,
or immune activation in HIV-infected children receiving
antiretroviral therapy.
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