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Abstract

Live-attenuated influenza vaccine (LAIV) prevents significantly more cases of influenza in immune-competent
children than the trivalent inactivated vaccine (TIV). We compared the T cell responses to LAIV or TIV in HIV-
infected children. IFN-y-ELISPOT for the three vaccine-contained influenza strains, two mismatched strains, and
phytohemagglutinin (PHA), was performed at 0, 4, and 24 weeks postimmunization in 175 HIV-infected children
randomly assigned to LAIV or TIV. The contribution of CD8 T cells to the influenza-specific response (CD8-
ELISPOT) was evaluated by CD8-cell depletion. CD8 T cells accounted for >87% of the total influenza-ELISPOT.
At baseline, total influenza-ELISPOT and CD8-ELISPOT values were similar or higher in TIV compared with
LAIV recipients. Four and 24 weeks after TIV, total influenza-ELISPOT and CDS8-ELISPOT results were signifi-
cantly lower than baseline results (p <0.001). Responses to PHA also tended to decrease at 4 weeks after TIV
(p=0.06), but rebounded to baseline levels at 24 weeks. Four weeks after LAIV, total influenza-ELISPOT re-
sponses to vaccine-contained strains A H3N2 and B significantly decreased. Other ELISPOT values at 4 weeks and
all values at 24 weeks were similar to the baseline values. At 4 and 24 weeks, TIV compared to LAIV adminis-
tration resulted in a significantly greater decrease in influenza-specific ELISPOT values for vaccine-contained
influenza A strains (p <0.02). Responses to PHA also tended to decrease more in TIV recipients (p =0.07).
HIV-infected children immunized with TIV had significant and persistent decreases in ELISPOT responses to
influenza. LAIV administration suppressed ELISPOT responses less. The clinical significance of these findings
deserves further study.

Introduction Serum antibody responses to LAIV, unlike those to TIV, do
not correlate with protection against wild-type infection and

EARLY IMMUNIZATION OF HIV-INFECTED INDIVIDUALS the mechanism(s) of protection by LAIV is not completely

with inactivated trivalent influenza vaccine (TIV) is re-
commended, although its effectiveness in these patients has
not been established. Because antibody responses to TIV are
not always adequate in this population,l’2 immunization of
household contacts is strongly encouraged as a means of pro-
tecting HIV-infected individuals against influenza. A live atten-
uated influenza vaccine (LAIV) is licensed in the United States
for immunization of healthy individuals 2 to 49 years of age.
This vaccine has been well tolerated and immunogenic in
previously immunized HIV-infected children and adults, but
its efficacy in this population has not been established.>® LATV
is more effective than TIV in healthy children and confers pro-
tection againstinfection with mismatched strains of influenza.®”

understood.*” Cell-mediated immunity (CMI), particularly
CD8-mediated cytotoxicity, plays an important role in pro-
tection against influenza in animal models.'® " Less is known
about the role of CMI in human influenza, but it may play an
important protective role.>'*'7 A recent study associated
ELISPOT responses to influenza vaccines of >100 spot-
forming cells (SFC)/10° peripheral blood mononuclear cells
(PBMCs) with protection against influenza infection in chil-
dren immunized with LAIV,'® suggesting that CMI contrib-
utes to the protective effect of LAIV.

InHIV-infected individuals, vaccine-induced CMImay play
a direct role in protection against infection and provide criti-
cally needed help to B cell antibody production. B cell
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numbers and function are compromised in HIV-infected
hosts, leading to inadequate antibody responses to vac-
cines.’®?! In addition, T cell-dependent vaccines are more
immunogenic in HIV-infected hosts than T-independent
vaccines,” underscoring the importance of using a T cell-
inducing immunogen in these individuals. We recently
showed that antibody responses to hepatitis A virus vaccine
are higher in HIV-infected children who acquired hepatitis A
virus-specific CMI after immunization compared with those
who did not.

The objectives of this study were to compare influenza-
specific CMI responses to LAIV and TIV in HIV-infected
children and to assess potential associations between the CMI
response and protection against shedding of live attenuated
vaccine viruses.

Materials and Methods
Study design (IMPAACT P1057)

HIV-infected children and adolescents aged 5 to 18 years
were randomly assigned to receive LAIV (Arm A) or TIV
(Arm B) in the autumn of 2004. Inclusion criteria were stable
combination antiretroviral therapy for >16 weeks prior to
immunization; plasma HIV RNA <60,000 copies/ml and CD4
>15% within 60 days of enrollment; and immunization with
TIV at least once in the 2 years preceding the study. Potential
subjects were excluded if they received immunomodulatory
therapy within 60 days prior to enrollment, inactivated or live
vaccines within 14 and 30 days, respectively, or if they met the
safety exclusion criteria listed in the package inserts of either
vaccine. In each study arm the vaccinees were stratified by the
following nadir CD4% criteria: Group 1 <15%; Group 2 >15%
but <25%; and Group 3 >25%.

Arm A (LAIV) received the frozen formulation of Influenza
Virus Vaccine Live, Intranasal (FluMist; MedImmune) 0.5 ml
(0.25 ml per nostril) and Arm B (TIV) received Influenza Viral
Vaccine, Intramuscular (Fluzone; Aventis Pasteur, Inc.) 0.5 ml
in the deltoid muscle region. Both vaccines were stored and
administered according to the package insert. The strains
represented in the vaccines were those recommended by
the U.S. Public Health Service (USPHS) for the 2004/2005
season: A/New Caledonia/20/99 (HIN1); A/Wyoming/3/
2003 (H3N2) (an A /Fujian/411/2002-like virus); and B/Jilin/
20/2003 (LAIV) or B/Jiangsu/10/2003 (TIV) (both Yamagata
lineage, B/Shanghai/361/2002-like viruses).

Study population for this analysis

The first 25-30 subjects in each Arm/Group combination
were enrolled in the ELISPOT substudy. Blood was obtained
at 0, 4, and 24 weeks after immunization.

Laboratory analyses

Interferon (IFN)-y ELISPOT responses were assessed on
fresh shipped PBMCs as previously described.** PBMCs
separated with Ficoll-Hypaque gradients were stimulated for
1620 h in vitro with 10 TCIDsg/cell of attenuated monovalent
influenza virus corresponding to the vaccine strains (A HIN1
New Caledonia, A H3N2 Wyoming, and B Jilin); with mis-
matched influenza strains (A H3N2 Sydney and B Yamana-
shi); and with medium and phytohemagglutinin (PHA)
(5 ug/ml) controls. Spots were visualized using a CTL ELI-
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SPOT plate reader. Background (nonspecific) spots detected
inthe medium-containing wells were subtracted from the wells
stimulated with influenza antigens. Results were reported as
SFC/10° PBMCs.

To assess the contribution of CD8 T cells to the influenza-
specific responses measured by ELISPOT, an aliquot of PBMCs
was depleted of CD8 cells using magnetic beads coated with
anti-CD8 monoclonal antibodies (mAbs) (Stem Cell Technol-
ogy) as per the manufacturer’s instructions. The CD8-
depleted PBMCs were subsequently stimulated with A H3N2
Wyoming, A H3N2 Sydney, and medium control in ELISPOT
assays as above. The contribution of CD8 T cells was calculated
by subtracting the SFC/10° PBMCs in CD8-depleted PBMCs
from the SFC/10° PBMCs in undepleted PBMCs. The results
are described as CD8-ELISPOT, whereas the results obtained
with undepleted PBMCs are described as total ELISPOT.

Statistical analysis

The medians and 95% confidence limits of the ELISPOT
results were calculated using a distribution-free method.* The
comparison between categorical groups was conducted either
using the Wilcoxon rank sum test (two groups) or Kruskal-
Wallis test (more than two groups). The comparison between
different time points was conducted using the Signed rank test.

Results
Baseline characteristics of the study population

Of 243 HIV-infected children enrolled in P1057, ELISPOT
results were obtained from 175 (90 in the LAIV group and 85
in the TIV group). There were no differences in demographic
or HIV-specific characteristics between the vaccine groups at
baseline: the mean age was 11 years, the median CD4 was
>25% and >500 cells/pul, and the mean plasma HIV concen-
tration was 2.8 logio RNA copies/ml in both arms (Table 1)
and in all HIV-specific (CD4%) stratification groups (data not
shown).

Despite randomization and the fact that baseline assays
were run simultaneously for the two vaccine groups, baseline
ELISPOT responses to influenza strains and PHA tended to be
higher in TIV than LAIV recipients (Table 1). Differences
reached statistical significance only for A H3N2 Wyoming
total ELISPOT (medians of 167 vs. 111 SFC/ 10° PBMCs, re-
spectively; p=0.01, Wilcoxon rank sum test). CD8 T cells
mediated >87% of the ELISPOT responses detected in these
HIV-infected children on highly active antiretroviral therapy
(HAART).

There were no differences in baseline ELISPOT results by
HIV-specific (CD4%) stratification groups. The proportions of
subjects in groups 1, 2, and 3 that had ELISPOT values >100
SFC/10° PBMCs were 72%, 66%, and 65%, respectively, for A
HIN1 New Caledonia; 71%, 62%, and 65%, respectively, for A
H3N2 Wyoming; and 51%, 49%, and 60%, respectively, for B
Jilin.

ELISPOT responses to TIV

At 4 weeks after TIV, total ELISPOT responses significantly
decreased to the three influenza viruses in the vaccine and to
the mismatched influenza viruses by 1.5- to 3-fold (p < 0.001;
Fig. 1A). There was also a trend to a decrease in ELISPOT
responses to PHA (p=0.06; Fig 1A). The influenza-specific
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TABLE 1. BASELINE CHARACTERISTICS OF THE STUDY
PoPULATION BY TREATMENT ARM

Parameters LAIV TIvV
Subjects 90 85
Age in years [Mean (SD)] 11.1 (3.3) 11.6 (2.8)
CD4 absolute count 862 (366) 940 (379)
[Mean (SD)]
CD4% [Mean (SD)] 33.5 (8.6) 344 (8.2)
Ethnicity
White-non-Hispanic 13 (14%) 8 (9%)
Black-non-Hispanic 53 (59%) 58 (68%)
Hispanic 21 (23%) 17 (20%)
Others 3 (3%) 2 (2%)
Gender
Male 52 (58%) 43 (51%)
Female 38 (42%) 42 (49%)
Logio plasma HIV RNA 2.8 (0.7) 2.8 (0.7)

[Mean (SD)]
ELISPOT [Median SFC/10°

PBMCs (95% CI)]

A H1IN1 New Caledonia

A H3N2 Wyoming®
CD8-mediated

B Jilin

A H3N2 Sydney
CD8-mediated

B Yamanashi

PHA

126 (101; 160)
111 (56; 132)

190 (156; 246)
167 (144; 232)
95 (72; 126) 146 (122; 220)
110 (90; 160) 136 (105; 177)
68 (47; 90) 94 (71; 106)
56 (40; 80) 85 (64; 106)
144 (106; 216) 169 (126; 206)
89 (62; 124) 146 (86; 258)

“Indicates significant differences between LAIV and TIV (p =0.01,
Wilcoxon sum rank test).

CDS8-ELISPOT responses to the two A/H3N2 strains tested
also significantly decreased 4 weeks after TIV compared to
baseline (p < 0.001; Fig 1B). At 24 weeks, influenza-specific
total and CD8-ELISPOT values were significantly lower than
baseline (p < 0.03), but PHA responses significantly increased
compared with week 4 values (p<0.01) and returned to
levels similar to the baseline levels (Fig. 1).

There were no differences in responses by HIV-specific
group (CD4% categorical values), baseline CD4% continuous
values, plasma HIV RNA, age, gender, or ethnicity. Similarly,
there were no differences in ELISPOT responses by baseline
HALI titers, which were previously described.”> CD4% and
plasma HIV RNA concentration did not change over time in
participants of this study,’ nor were there any changes in CD8
or CD19 cells over time. Therefore, changes in these lym-
phocyte populations did not explain the decrease of ELISPOT
values after vaccination. Since the decrease of ELISPOT re-
sults was unexpected, we investigated potential biases that
might have been introduced by the geographic location of the
subject or by the time when the assay was performed. This
was done by showing the absence of clusters of low results by
clinical site or date of assay. Moreover, because the study
accrued over a period of 2.5 months, there was a considerable
time overlap between baseline and week 4 ELISPOT assays in
the laboratory, and there was no downward (or upward) trend
over time among baseline ELISPOT values, demonstrating the
stability of the assay.

ELISPOT responses to LAIV

At 4 weeks after LAIV, influenza A H3N2 Wyoming and B
Jilin total ELISPOT values decreased by 1.4-fold (p <0.03;
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Fig. 2A). Total ELISPOT responses to other influenza strains
and to PHA (Fig. 2A), and CDS8-ELISPOT responses to A
H3N2 influenza viruses (Fig. 2B), did not significantly change
compared to baseline. At 24 weeks after LAIV, all ELISPOT
responses were similar to those measured at baseline. Ana-
lyses of responses to LAIV by the HIV-specific group, baseline
CD4%, plasma HIV RNA concentration, age, gender, ethnic-
ity, geographic location of the subject, and date of assay,
similar to those described for TIV, did not show any signifi-
cant associations.

Comparison between ELISPOT responses
to LAIV and TIV

Since neither vaccine increased ELISPOT responses to
influenza strains, we sought to determine if the decrease
in ELISPOT was significantly different after LAIV vs. TIV.
Figure 3 shows the comparison between the decrease in ELI-
SPOT responses at 4 and 24 weeks after vaccination compared
to baseline. The decreases in total and CDS8-ELISPOT re-
sponses against vaccine-contained influenza A strains were
significantly greater in TIV than in LAIV recipients (p < 0.02).
However, since baseline ELISPOT responses tended to be
higher at baseline in TIV compared with LAIV recipients, at
week 4, the ELISPOT responses were not appreciably differ-
ent in the two groups. PHA-stimulated nonspecific ELISPOT
values tended to have a more pronounced decrease at week 4
after TTV compared with LAIV (p =0.07). Changes in vaccine-
contained influenza B ELISPOT results did not significantly
differ between the two treatment groups at 4 and 24 weeks
after vaccination.

Baseline ELISPOT values and shedding
of vaccine virus

To gain insight into the association of ELISPOT-measured
CMI with protection against influenza, we used the absence of
LAIV viral shedding as a surrogate marker for vaccine-
induced influenza protection and correlated this end point
with baseline ELISPOT values. On day 3 after vaccination, the
influenza A HIN1 New Caledonia vaccine strain was recov-
ered from 18 LAIV recipients who participated in the ELI-
SPOT substudy, vaccine strain B was recovered from six
subjects, and vaccine strain H3N2 was recovered from two
subjects. A comparison of baseline ELISPOT results between
vaccine virus shedders and nonshedders was performed for
influenza A HIN1 and B, but not for A H3N2, due to the low
number of shedders. Baseline influenza A HIN1 median (95%
CI) ELISPOT values were 133 (75; 267) and 84 (52; 218)
SEC/ 10° PBMC among nonshedders and shedders, respec-
tively (p =0.27). For influenza B, corresponding results were
110 (52; 244) and 63 (19; 122) SFC/10° PBMCs (p=0.3).

Discussion

The HIV-infected children who received TIV experienced a
significant decrease in ELISPOT responses to the influenza
strains in the vaccine and to mismatched strains. LAIV ad-
ministration did not decrease the influenza-specific ELISPOT
responses of HIV-infected children, but did not increase them
either. A generalized decrease of CMI or of influenza-specific
CMI has not been reported by other investigators who as-
sessed T cell responses to influenza vaccines administered
to healthy individuals.">'®*** The administration of a
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FIG.1. ELISPOT responses of TIV recipients. Data were derived from 85 HIV-infected recipients whose PBMCs were tested
by ELISPOT after stimulation with PHA, influenza strains contained in the seasonal vaccine (A H3N2 Wyoming, A HIN1
New Caledonia and B Jilin), and mismatched influenza strains (A H3N2 Sydney and B Yamanashi). Bars represent medians
for each group. Asterisks (*) indicate significant differences from baseline and the unequal sign (#) indicates significant
difference from week 4. (A) Total ELISPOT responses representing all PBMCs; (B) CD8 ELISPOT responses representing CD8
cells only. There were significant decreases in total and CD8 ELISPOT responses against all influenza strains at 4 and 24
weeks after vaccination (p <0.03). There was a trend toward a decrease in PHA-stimulated ELISPOT at 4 weeks after
vaccination (p =0.06) followed by a significant rebound at 24 weeks (p=0.01).

virosomal influenza vaccine to HIV-infected children on tweenourresultsand those of others. Wesystematically sought
HAART also did not appear to decrease their CMI.***° ELI-  and eliminated potential technical problems that might have
SPOT assays are not standardized and there is variability —biased our results, such as changes in assay characteristics
across laboratories,***! which may explain the difference be-  over time and errors in sample collection and transportation.
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FIG. 2. ELISPOT responses of LAIV recipients. Data were derived from 90 HIV-infected recipients whose PBMCs were
tested by ELISPOT after stimulation with PHA, influenza strains contained in the seasonal vaccine (A H3N2 Wyoming, A
HIN1 New Caledonia and B Jilin), and mismatched influenza strains (A H3N2 Sydney and B Yamanashi). Bars represent
medians for each group. Asterisks (*) indicate significant differences from baseline. (A) Total ELISPOT responses representing
all PBMCs; (B) CD8 ELISPOT responses representing CD8 cells only. There were significant decreases in total ELISPOT
responses against influenza strains A H3N2 Wyoming and B Jilin at 4 weeks after vaccination (p <0.03). All other total and
CD8 ELISPOT responses were not significantly different from baseline.

Moreover, although this study did not include uninfected The mechanism underlying the decrease in influenza-
controls, we previously found that ELISPOT values increased  specific ELISPOT results of HIV-infected children after TIV
in healthy young adults vaccinated with LAIV or TIV.** administration is unclear. There are several potential mecha-
Taken together, these data validate the ELISPOT results. nisms unique to HIV infection, including a strong Th2
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FIG. 3. Comparison of ELISPOT decreases of LAIV and TIV recipients from baseline to week 4 after vaccination and from
baseline to week 24 after vaccination. Data were derived from 85 and 90 HIV-infected TIV and LAIV recipients, respectively.
Bars represent median differences from study week 0 to week 4 or 24. Asterisks (*) indicate significant differences between
treatment groups. There were significantly larger differences in total and CD8 ELISPOT responses to all influenza strains in

the seasonal vaccine of TIV vs. LAIV recipients (p <0.02).

response to the vaccine that attenuates the Th1 response, and/
or stimulation of regulatory cells by the vaccine. The first
invoked mechanism seems the most likely, since TIV, which is
a stronger antibody inducer than LAIV, also suppresses
ELISPOT responses more vigorously. Furthermore, HIV-
infected hosts have a bias toward Th2 responses compared
with normal hosts,®® which may explain the difference in CMI
responses to TIV between HIV-infected and -uninfected in-
dividuals. However, we were unable to demonstrate a nega-
tive correlation between antibody and CMI responses to TIV.
The second hypothesis, invoking T cell regulation, is sup-
ported by evidence that HIV-infected individuals have higher
frequencies of regulatory T cells.>*™*” Antigen presentation by
immature dendritic cells may induce regulatory T cells®® and
HIV-infected individuals accumulate immature dendritic
cells due to their impaired ability to clear these cells.***
Recent observations ascribe a regulatory role to activated B
cells,*! which is an appealing hypothesis in the scenario of
CMI suppression following immunization. It is also possible,
although less likely, that ELISPOT responses, which would
have been generated in the previous influenza season, were
declining at the time of enrollment in this study. If this were
the case, administration of TIV did not affect the natural de-
cline of the influenza-specific ELISPOT responses, whereas
LAIV stopped it. Further investigation is needed to identify
the mechanism responsible for the T cell response to influenza
vaccines in HIV-infected children observed in this study.
The clinical significance of the diminished influenza-
specific ELISPOT after TIV is unclear. We were unable to

demonstrate an association of baseline ELISPOT values with
protection against LAIV viral shedding. However, in a large
LAIV efficacy trial of healthy children immunized for the first
time, Forrest et al.'® observed a significant association between
the acquisition of ELISPOT responses >100 SFC/ 10° PBMCs
after vaccination and protection against influenza disease. In
our study, the baseline ELISPOT values of nonshedders were
higher than those of shedders, but the differences demon-
strated in our small sample size did not reach statistical sig-
nificance.

An additional concern is that T cell responses to PHA also
tended to decrease at 4 weeks after TIV administration, al-
though they significantly rebounded at 24 weeks. A more
global T cell depression could have repercussions on the con-
trol of HIV infection or other opportunistic infections. In this
study, the plasma HIV RNA levels and the CD4% remained
stable overall in the study participants, irrespective of the type
of vaccine that they received. However, our study participants
were on highly active antiretroviral therapy (HAART) as per
inclusion criteria. Before HAART was available, several
studies showed increases in plasma HIV RNA after TIV.*>™
This was ascribed to transient CD4 activation, but, perhaps, a
transient decrease in CD8 function could also have contributed
to this adverse effect of TIV. Retroviral infection of nonhu-
man primate models demonstrated that CD8 depletion results
in a pronounced increase in viral replication.849

This study raises an important question regarding CMI
responses after TIV administration to HIV-infected individ-
uals. To elucidate the effect of strong antibody inductions on
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CMI of HIV-infected patients, further studies are needed after
the administration of TIV and of other antibody-inducing
vaccines. The most important concern is the effect of these
vaccines on the CMI of HIV-infected individuals who are not
on HAART or whose viral load is not effectively controlled
with available antiretroviral therapies.
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