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Background. Human immunodeficiency virus (HIV)—infected patients have decreased immune response to
vaccines. Few data are available about pandemic flu vaccination in this population.

Methods. We conducted a multicenter, patient-blinded, randomized trial in a cohort of HIV-infected adults. Patients
received 2 injections 21 days apart of a AS03,-adjuvanted HIN1v vaccine containing 3.75 pug hemagglutinin (HA) or
a nonadjuvanted HIN1v vaccine containing 15 pig HA to assess hemagglutination inhibition (HI) response and safety.

Results. A total of 309 patients were randomized, and 306 were vaccinated. After the first vaccine dose, HI titers
=1:40 were observed in 93.4% of the patients in the adjuvanted group (A group) (n = 155) and in 75.5% in the
nonadjuvanted group (B group) (n = 151) (P < .001); seroconversion rates were 88.8% and 71.2%, and factor
increases in geometric mean titers (GMT) of 21.9 and 15.1, respectively. After 2 injections, 98.6% of patients of the A
group and 92.1% of the B group demonstrated HI titers =1:40 (P = .018); seroconversion rates were 96.5% and
87.1%, respectively, and factor increases in GMT were 45.5 and 21.2, respectively. The majority of adverse events
were mild to moderate in severity; no impact on CD4+ cell count or viral load has been detected.

Conclusions. In HIV-l-infected adults, the AS03,-adjuvanted HIN1v vaccine yielded a higher immune
response than did the nonadjuvanted one, with no impact on HIV infection.

Two large studies performed before the era of highly
active antiretroviral therapy (HAART) evidenced
high numbers of hospital admissions and high

mortality related to seasonal influenza in human
immunodeficiency virus (HIV)-infected patients
[1,2]. In the post-HAART era, the number of
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influenza-associated hospitalizations has decreased in those
patients, but hospitalization rates remain comparable to rates
in other high-risk groups [3]. Recent observations have
shown that HIV infection did not lead to a more severe in-
fection with the novel HIN1v variant [4]. However, shedding
of the influenza virus may persist >5 days in some subjects
despite treatment with oseltamivir, and the coexistence of
opportunistic infections may mask the diagnosis of HIN1v
infection and complicate the course of the disease [5].

Previous studies have suggested that the immunogenicity of
the seasonal influenza vaccine was decreased in HIV-infected
patients and have shown that vaccine response was related to
plasma HIV viral load rather than CD4+ cell counts [6-8]. The
addition of oil-in-water adjuvant to seasonal influenza vaccine
demonstrated an increased immunogenicity in HIV-infected
patients, with a clinically acceptable safety profile [9, 10]. In
most HIV-infected patients, neither influenza infection nor
influenza vaccination induced an increase in HIV viral load or
a decrease of CD4+ cell count [11, 12].

In 2009, both the seasonal and the HIN1v influenza vaccines
were recommended for HIV-infected patients due to the
potential risk of severe clinical forms in this immunocompro-
mised population [13, 14]. All published trials in the general
population were designed with 2 injections administered 21 days
apart. The published data indicated that 1 dose of adjuvanted or
nonadjuvanted monovalent influenza A HIN1v 2009 vaccine
was sufficient to immunize healthy adults [15-17]. As for
seasonal influenza vaccine, an adjuvanted vaccine might help to
induce better protection in immunocompromised patients.
Nevertheless, the safety of the AS03, adjuvant in HIV-infected
patients remains insufficiently documented, and the effect of
adjuvants on the balance between HIV and the host immune
system, which could result in viral rebound, remains unknown.

We thus conducted a randomized, patient-blinded clinical
trial to evaluate the immunogenicity and the safety of 2 doses of
HIN1v vaccine adjuvanted with AS03A, compared with 2 doses
of nonadjuvanted HIN1v vaccine, in HIV-infected adults.

METHODS

Study Design

The HIFLUVAC (HIV InFLUenza VACcine) trial was a phase 2,
randomized, patient-blinded, multicenter clinical trial. Patients
were eligible to participate if they were =18 years of age; had
HIV-1 infection; had received HAART for at least 6 months
(with viral load <50 copies/mL on at least the previous 2 visits)
or were without any antiretroviral therapy for at least 6 months
(and without any indication to start a treatment in the following
3 months); did not have an history of clinically or virologically
confirmed influenza infection during the previous 6 months;
had no febrile episode within 1 week prior to vaccination; did
not receive immune-modulatory (eg, interferon alpha and

interleukin 2) or immunosuppressant drugs; had no evolutive
opportunistic infection within the month preceding inclusion;
and had no other vaccination within 3 weeks prior to inclusion
or planned within 3 weeks following the second vaccination.

The trial was performed in French National Agency for
Research on AIDS and Viral Hepatitis (Agence National de
Recherche contre le VIH et les hépatites virales (ANRS) ANRS-
labeled sites in France. Patients were centrally randomized (1:1)
to receive 2 intramuscular injections of A/HIN1v vaccine either
unadjuvanted or adjuvanted with AS03, and administered 21
days apart. Randomization was stratified according to HAART
versus no HAART at baseline, and 2 lists were generated with
a block size of 6 using SAS, version 9.1 (SAS Institute) by the
trial statistician. A central coordinating center was responsible
for validation of patient eligibility, randomization, data collec-
tion, and monitoring. No center knew the vaccine allocation of
any patient prior to randomization, and the result of individual
randomization was faxed by the central office to the trial center.

Blood samples were planned for assessment of hemaggluti-
nation inhibition (HI) antibodies against vaccine antigen prior
to vaccination, 21 days following each dose, and at months 6 and
12. Standard biochemical tests, CD4+/CD8+ cell counts, and
serum HIV-1 RNA levels were planned for days 0, 21, and 42
and for months 3, 6, and 12.

Written informed consent was obtained from each patient.
The protocol was conducted in accordance with the Declaration
of Helsinki and French law for biomedical research and was
approved by the “Ile de France III”” Ethics Committee (“Comité
de Protection des Personnes Ile-de-France III,” Paris).

Vaccines

The monovalent A/HIN1v inactivated split-virion vaccine was
manufactured by GlaxoSmithKline (GSK) Biologicals. The vac-
cine seed virus was prepared from the reassortant virus NYMC
X-179A (New York Medical College), generated from the A/
California/7/2009 strain, as recommended by the World Health
Organization (WHO) [18]. The seed virus was propagated on
embryonated eggs, and the vaccine was produced using the
licensed manufacturing process for Pandemrix (a trade mark of
the GlaxoSmithKline group of companies). AS034, a tocopherol
oil-in-water emulsion-based adjuvant system containing 11.86 mg
tocopherol was manufactured by GSK Biologicals. The AS03,-
adjuvanted vaccine contained 3.75 pg hemagglutinin (HA),
whereas the nonadjuvanted vaccine was formulated to contain 15
ng HA, which was the dosage used for seasonal influenza vaccine.
The HINI1v vaccine was formulated in multidose vials and in-
jected intramuscularly in a total 0.5 mL of antigen suspension,
mixed with AS03, adjuvant emulsion or without adjuvant.

Safety Assessment
Patients were provided with diary cards to record the occurrence
and severity of solicited local reactions at the injection site
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(erythema, edema, and pain), solicited general reactions (fever,
headache, asthenia, shivering, increased sweating, myalgia, and
arthralgia), and any unsolicited adverse events during 21 days
after vaccination. Temperature was recorded daily during the
6 days after vaccination. We also collected data related to the
occurrence of selected adverse events of special interest, including
neurologic and immune system disorders. Subjects having an
influenza-like illness (ILI) defined as an oral temperature of
>37.8°C with at least 1 influenza-like symptom (cough, sore
throat, rhinorrhea, and nasal obstruction) were asked to provide
nasal and throat swab specimens for virological testing.

Laboratory Assays

Laboratory assays for immune response were performed in
a blind way in a centralized laboratory (GSK Biologicals). The
titer of antibodies against the vaccine strain was measured in all
samples by a validated HI assay as described by the WHO
Collaborating Center for Influenza, Centers for Diseases Control
and Prevention [19]. Serum samples were treated by enzymatic
treatment and heated to destroy nonspecific inhibitors. Hem-
agglutination was performed in a microtiter test using chicken
erythrocytes with the A/California/7/2009 (HIN1v) strain used
as antigen. HI assays were performed in duplicate for each
sample using serial 2-fold dilutions with a starting dilution of
the treated serum of 1:10. The sample titer was the highest
dilution that completely inhibited hemagglutination.

Statistical Analysis

The main outcome measure was the HI response against vaccine
antigen. The seroprotection rate was defined as the percentage of
patients with a post-vaccination HI titer = 1:40. The
seroconversion rate was defined as the percentage of patients
with a prevaccination HI titer < 1:10 and a post-vaccination
titer = 1:40 or showing a significant increase in antibody titer;
a significant increase in antibody titer was defined as a pre-
vaccination titer = 1:10 and at least a 4-fold increase in post-
vaccination titer. Seroconversion factor or geometric mean fold
increase was defined as the geometric mean of the within-subject
ratios of the post-vaccination reciprocal HI titer to the day 0
reciprocal HI titer. Safety end points were solicited adverse
events and unsolicited adverse events.

Descriptive analyses are presented for vaccinated patients
for safety and for vaccinated and tested patients for immuno-
genicity; 95% confidence intervals (CI) for rates are exact
(Clopper-Pearson) Cls. Immunogenicity was analyzed by the
standard HI end points (with 95% CIs) used by regulatory
authorities for evaluation of influenza vaccines [20-22]. Logistic
regression was used to analyze determinants of and factors
associated with HI titers = 1:40 after 1 and 2 doses. Odds ratios
found in logistic regressions do not approximate relative risks,
because HI titers = 1:40 rates are high.

A sample size of 135 subjects analyzed per group was esti-
mated to give a power of at least 88% to meet both the European

Medicines Agency and US Food and Drug Administration
criteria assuming 85% for seroconversion and seroprotection
(HI titers = 1:40) rates and 30 for geometric mean fold increase.

RESULTS

Study Patients

Three hundred and nine patients were randomized from 26
October and 6 November 2009, of whom 306 were vaccinated.
Three patients did not receive the vaccine and were not included
in the analysis. Overall, 155 patients of the adjuvanted vaccine
group and 151 patients of the nonadjuvanted vaccine group
were included in the safety population (Figure 1). The de-
mographic profiles and the clinical characteristics of the 2 ran-
domized groups were well-balanced and are described in Table
1. At inclusion, 26% of patients reported having received a 2009
seasonal influenza vaccine.

One patient was not tested at day 0 (nonadjuvanted vac-
cine group). Seven patients were not tested at day 21 (4 in the
nonadjuvanted vaccine group and 3 in the adjuvanted vac-
cine group), including 1 patient with virologically docu-
mented influenza HIN1v illness on day 18 after vaccination
and 1 patient who withdrew consent after receipt of the first
vaccine dose (both in the nonadjuvanted vaccine group).
The immunogenicity after the first vaccination was thus
assessed in 299 subjects.

Of the 306 patients, 296 received a second dose of vaccine, of
whom 14 were not tested at day 42. Thus, the immunogenicity
after the second vaccination was assessed in 282 subjects.

Immunogenicity

At baseline, 7.7% and 10.0% of patients had HI antibodies
against A/California/7/2009 (H1N1v) strain with titers of 1:40 or
more in the adjuvanted and nonadjuvanted groups, respectively.
Baseline HI titers of 1:40 or more were observed in 13 (16.7%) of
78 patients (95% CI, 9.2%-26.8%) who had received the 2009
seasonal vaccine, as compared with 14 (6.2%) of 227 patients
(95% CI, 3.4%-10.1%) who had not received it (P = .049).

A single dose of adjuvanted HIN1 vaccine produced a higher
immune response than did a single dose of nonadjuvanted
vaccine (Table 2). The proportion of patients with HI titers of
1:40 or greater were 93.4% (95% CI, 88.2% to 96.8%) in the
adjuvanted vaccine group and 75.5% (95% CI, 67.7%—-82.2%) in
the nonadjuvanted vaccine group (P < .001). In the adjuvanted
vaccine group, the immune response was not different between
patients with HAART and patients without HAART and was
consistent with the regulatory requirements for the use of vac-
cine in adults (Table 2). In the nonadjuvanted vaccine group, the
immune response was lower for treated patients than for
untreated patients, with proportion of patients with HI titers
= 1:40 being 70.2% and 93.9%, respectively (P = .005). A single
dose of nonadjuvanted vaccine met the regulatory requirements
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Figure 1.

in patients not receiving HAART but was below the Center for
Biologics Evaluation and Research (CBER) requirements for
seroprotection in patients receiving HAART.

After the second dose of vaccine, 98.6% (95% CI, 95.0%—
99.8%) and 92.1% (95% CI, 86.3%-96.0%) of patients dem-
onstrated HI titers of 1:40 or greater in the adjuvanted and the
nonadjuvanted groups, respectively (P = .018). In the 2 groups,
the immune response was not different between patients with
HAART and those without HAART.

Participant disposition of the HIFLUVAC (HIV InFLUenza VACcine) trial. HIV, human immunodeficiency virus.

In a multivariate analysis, a single dose of adjuvanted
vaccine resulted in a higher proportion of patients with HI
titers = 1:40 than did a single dose of nonadjuvanted vaccine
(odds ratio [OR], 5.33; 95% CI, 2.44-11.65; P < .001), and
hepatitis C virus (HCV) and/or hepatitis B virus (HBV)
coinfection was negatively associated with HI titers = 1:40
(OR, 0.26; 95% CI, 0.11-0.62; P = .0023) (Table 3). HCV
coinfection was observed in 24 of 39 coinfected patients and
largely contributed to this effect: 15 (63%) of 24 HCV
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Table 1. Demographic and Clinical Characteristics of the Patients

AS03, adjuvanted H1N1v
vaccine(3.75 ug HA)

Nonadjuvanted H1N1v
vaccine(15 pg HA)

With Without With Without With Without
Characteristic HAART HAART All HAART HAART All HAART HAART All
No. of patients 120 35 155 117 34 151 237 69 306
Female sex 19 (16) 4(11) 23 (15) 25 (21) 11 (32) 36 (24) 44 (19) 15 (22) 59 (19)
Age, median years 47.3 (41.7-54.7) 42.5(33.2-50.1) 46.5 (38.6-54.0) 48.8 (44.2-54.7) 39.0 (32.6-45.7) 47.3 (40.2-53.6) 47.7 (42.5-54.7) 40.7 (33.2-48.6)  46.9 (40.0-53.8)
(IQR)
CDC stage C 38 (32) 2 (6) 40 (26) 38 (33) 1(3) 39 (26) 76 (32) 3 (4) 79 (26)
Smoker 45 (38) 16 (46) 61 (39) 37 (32) 13 (38) 50 (33) 82 (34) 29 (42) 111 (36)
HCV and/or HBV 18 (15) 5 (14) 23 (15) 14 (12) 2 (6) 16 (11) 32 (14) 7 (10) 39 (13)
coinfection
HBsAg positive 8 (6.7) 2 (5.7) 10 (6.5) 5 (4.3) 0 (0) 5 (3.3) 13 (5.5) 2 (2.9) 15 (4.9)
Anti-HCV antibody 10 (8.4) 3(8.6) 13 (8.4) 10 (8.5) 2 (5.9) 12 (7.9) 20 (8.5) 5(7.2) 25 (8.2)
positive
Nadir CD4+ cell 190 (89-278) 435 (336-542) 240 (107-369) 173 (86-253) 451 (348-541) 204 (95-371) 177 (86-263) 447 (348-541) 229 (106-369)
count, median
cells/mm?® (IQR)
Baseline CD4+ cell 537 (383-763) 503 (364-602) 522 (378-752) 560 (422-712) 522 (451-635) 551 (428-702) 556 (407-736) 507 (421-611) 536 (412-706)
count median
cells/mm? (IQR)
Baseline CD4+ cell 6 (5.0) 0 (0) 6 (3.9) 3(3.4) 0 (0) 3(2.6) 9 (3.8) 0 (0) 9 (3.0)
count <200
cells/mm?
Baseline CD4+ cell 21 (17.5) 7 (20) 28 (18.1) 14 (12.1) 1(2.9) 15 (10.0) 35 (14.8) 8(11.8) 43 (14.1)
count 200-349
cells/mm?®
Baseline CD4+ cell 25 (20.8) 10 (28.6) 35 (22.6) 28 (24.1) 13 (38.2) 41 (27.3) 53 (22.5) 23 (33.3) 76 (24.9)
count 350-499
cells/mm?
Baseline CD4+ cell 68 (56.7) 18 (51.4) 86 (55.5) 71 (61.2) 20 (58.8) 91 (60.7) 139 (58.9) 38 (65.1) 177 (58)
count =500
cells/mm?®
HIV-1 viral load, 20 (20-40) 13372 (1524-46081) 40 (20-50) 20 (20-40) 8306 (3850-29048) 40 (20-61) 20 (20-40) 9127 (3183-38200) 40 (20-50)
median copies/mL
(IQR)
HIV-1 viral load 116 (97) 3(9) 119 (77) 112 (96) 0 (0) 112 (74) 228 (96) 3 (4) 231 (76)
<50 copies/mL
Received 2009 seasonal 32 (27) 7 (20) 39 (33) 33 (28) 6 (18) 39 (26) 65 (27) 13 (19) 78 (26)
influenza vaccine
Received 2009 36 (30) 6(17) 42 (27) 31 (27) 8 (24) 39 (26) 67 (28) 14 (20) 81 (27)

pneumococcal vaccine

NOTE. Data are no. (%) of patients, unless otherwise indicated. CDC, Centers for Disease Control and Prevention; HA, hemagglutinin; HAART, highly active antiretroviral therapy; HBsAg, hepatitis B surface antigen;

HBV, hepatitis B virus; HCV, hepatits C virus; IQR, interquartile range.
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Table 2. Immune Response Stratified by HIV Treatment for Adjuvanted and Nonadjuvanted Vaccine, Hemagglutination Antibodies Against A/California/7/2009 (H1N1v)

Variable

AS03, adjuvanted H1N1v

vaccine (3.75 ng HA)

Nonadjuvanted H1N1v
vaccine (15 pg HA)

With
HAART

Without
HAART

All

With
HAART

Without
HAART

All

Prevaccination at day O

No. of patients
tested

Geometric mean
titer (95% Cl)

No. (%) of patients
with HI titers
= 1:40 (95% Cl)

Post—-dose 1 at day 21

No. of patients
tested

Geometric mean
titer (95% CI)

No. (%) of patients
with HI titers
= 1:40 (95% Cl)
Seroconversion
rate, no. (%) of
patients (95% Cl)
Seroconversion
factor (95% Cl)
Post—dose 2 at day 42
No. of patients
tested
Geometric mean
titer (95% Cl)

No. (%) of patients
with HI titers
= 1:40 (95% Cl)

Seroconversion
rate, no. (%)

of patients (95% Cl)

Seroconversion
factor (95% Cl)

120
9.2 (7.7-10.9)

12 (10.0)(5.3-16.8)

117

189.4 (1561.1-236.8)

109 (93.2)(87.0-97.0)

103 (88.0)(80.7-93.3)

20.5 (16.3-26.0)

108

424.4 (358.3-502.7)

107 (99.1)(95.0-100.0)

104 (96.3)(90.8-99.0)

46.3 (36.6-58.6)

35

6.4 (6.3-7.7)

0 (0.0)(0.0-.1)

35

175.0 (118.6-2568.2)

33 (94.3)(80.8-99.3)

32 (91.4)(76.9-98.2)

27.3 (18.7-40.0)

35

275.7 (203.8-373.0)

34 (97.1)(85.1-99.9)

34 (97.1)(85.1-99.9)

43.1 (31.6-58.8)

155

8.5 (7.3-9.8)

12 (7.7)(4.1-13.1)

152

186.0 (1564.0-224.7)

142 (93.4)(88.2-96.8)

135 (88.8)(82.7-93.4)

21.9 (18.0-26.8)

143

381.9 (329.0-443.3)

141 (98.6)(95.0-99.8)

138 (96.5)(92.0-98.9)

45.5 (37.6-565.1)

116

8.6 (7.3-10.0)

13 (11.2)(6.1-18.4)

114

102.8 (77.8-137.2)

80 (70.2)(60.9-78.4)

74 (65.5)(56.0-74.2)

12.4 (9.4-16.2)

108

164.1 (131.4-205.0)

98 (90.7)(83.6-95.5)

92 (85.2)(77.1-91.3)

19.5 (15.5-24.5)

34

6.7 (56.4-8.4)

2 (56.9)(0.7-19.7)

33

201.6 (135.7-323.9)

31 (93.9)(79.8-99.3)

30 (90.9)(75.7-98.1)

29.7 (19.9-44.5)

31

197.8 (141.1-277.3)

30 (96.8)(83.3-99.9)

29 (93.6)(78.6-99.2)

28.6 (20.9-39.2)

150

8.1(7.1-9.2)

15 (10.0)(5.7-16.0)

147

119.6 (94.0-152.1)

111 (75.5)(67.7-82.2)

104 (71.2)(63.2-78.4)

15.1 (11.9-19.0)

139

171.1 (141.9-206.3)

128 (92.1)(86.3-96.0)

121 (87.1)(80.3-92.1)

21.2 (17.5-25.7)

NOTE. Seroconversion rate is given as the percentage of patients with a prevaccination HI titer <1:10 and a post-vaccination titer = 1:40, or showing a significant increase in antibody titer defined as a prevaccination titer
= 1:10 and at least a 4-fold increase in post-vaccination titer. Seroconversion factor or geometric mean fold increase is defined as the geometric mean of the within-subject ratios of the post-vaccination reciprocal Hl titer to
the day O reciprocal Hl titer. According to the European Union Committee for Medicinal Products for Human Use, criteria for HI antibody response in adults 18-60 years of age are a percentage of HI titers = 1:40 > 70%,
a percentage of seroconversion >40%, and a geometric mean fold increase > 2.5. According to the United States Center for Biologics Evaluation and Research, criteria for Hl antibody response in adults <65 years of age
are a lower limit of the 95% ClI for HI titers = 1:40 = 70% and a lower limit of the 95% ClI for seroconversion = 40%. Cl, confidence interval; HA, hemagglutinin; HI, hemagglutination inhibition.
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Table 3. Univariate and Multivariate Analyses of Predictive Baseline Factors for Hemagglutination Inhibition Titers > 1:40 at Day 21 After Vaccination

Variable No. of patients Univariate analysis OR (95% Cl)? PP Multivariate analysis OR (95% CI)? PP
Male vs female 299 1.218 (0.564-2.627) .62

Age <40 years 299 1.676 (0.744-3.778) 21 1.153 (.469-2.834) .76
Smoker 299 0.859 (0.450-1.638) .64

CDC stage C 299 0.907 (0.481-1.711) .76

HCV and/or HBV coinfection 298 0.326 (0.150-.706) .005 0.259 (.109-.617) .002
Nadir CD4+ cell count, per 50 cells/mm? higher 299 1.069 (0.977-1.171) .15 0.976 (.875-1.089) .66
Baseline CD4+ cell count, =350/mm? 298 1.182 (0.532-2.629) .68

Seasonal influenza vaccination 299 1.297 (0.610-2.757) .50

HAART vs without HAART 299 0.281 (0.097-.815) .02 0.444 (.025-7.924) .68
Baseline plasma HIV-1 viral load, log,o copies/mL 299 1.601 (1.062-2.416) .024 1.251 (.426-3.672) .68
AS03, adjuvanted vsnonadjuvanted H1N1v vaccine 299 4.605 (2.190-9.685) <.001 5.331 (2.439-11.65) <.001

NOTE. CDC, Centers for Disease Control and Prevention; Cl, confidence interval; HAART, highly active antiretroviral therapy; HBV, hepatitis B virus; HCV, hepatitis C virus; OR, odds ratio.

@ Wald confidence interval.
® Wald %2 P value.
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Figure 2. Solicited reports of adverse events 21 days after the first dose and second dose of the HIN1 vaccine. Patients with at least 1 vaccine-related
adverse event are reported. Severity of vaccine-related adverse events was graded as mild (mild or transient discomfort, without limitation of normal
daily activities, and no medical intervention or corrective treatment required), moderate (mild to moderate limitation of normal daily activities and minimal
medical intervention or corrective treatment required), or severe (marked limitation of normal daily activities, medical intervention and corrective
treatment required, and possible hospitalization), except for erythema and edema at the injection site, which was graded on the basis of a measurement
of the diameter of the local reaction (mild, 0-50 mm; moderate, 50—100 mm; severe, >100 mm). *Other severe systemic reactions in the adjuvanted
vaccine group after receipt of the first dose: oral herpes, rhinorrhea, and arthralgia, with 1 patient who reported multiple events (arthralgia, shivering,
rhinorrhea, back pain, abdominal pain, cough, dyspnea, nasal congestion, and pharyngolaryngeal pain; day 1 to day 10); other severe systemic reactions in
the nonadjuvanted vaccine group: arthralgia, cough, and hot flash. +Other severe systemic reactions in the adjuvanted vaccine group after receipt of the
second dose: arthralgia in 2 patients, shivering; other severe systemic reactions in the nonadjuvanted vaccine group: shivering. Adj, AS03,-adjuvanted

vaccine group; N, nonadjuvanted-vaccine group; NA, not available.

coinfected patients and 11 (73%) of 15 HBV coinfected
patients had HI titers =1:40, as compared with 237 (87%) of
274 and 241 (85%) of 283 HIV-1 monoinfected patients.
CD4+ cell count was not predictive, and no differences were
detected between CD4+ cell count subgroups, defined as
<200, 200-349, 350-499, and =500 cells/mm’ (data not
shown). Seroprotection rates remained higher after 2 doses
of adjuvanted vaccine than after 2 doses of unadjuvanted
vaccine (OR, 6.52; 95% CI, 1.37-30.93; P = .018). Similar
results were obtained for the rate of seroconversion after the
first or the second injection (data not shown).

Safety

No deaths or adverse events of special interest were reported.
Until day 42, 3 serious adverse events were reported: 1 hos-
pitalization for ILI 2 days after the second unadjuvanted
vaccine injection, 1 recurrent depression episode, and 1
increase in serum alanine transaminase value attributable to
other drugs.

After the first or second injection, at least 1 solicited local
adverse event was reported by 110 patients (71%) in the
adjuvanted vaccine group and 32 patients (21%) in the non-
adjuvanted vaccine group (P < .001); at least 1 solicited systemic

adverse event was reported by 74 patients (48%) in the
adjuvanted vaccine group and 41 patients (27%) in the non-
adjuvanted vaccine group (P < .001). The most commonly
reported solicited local adverse event was injection-site pain, and
the most commonly reported solicited systemic events were
asthenia and headache. The majority of solicited adverse events
were mild to moderate in intensity. A general trend for lower
frequencies of solicited adverse events was observed after the
second vaccination, compared with after the first vaccination,
whereas their pattern remained the same (Figure 2). Unsolicited
adverse events were reported by 12% and 6% of subjects in the
adjuvanted and unadjuvanted vaccine group, respectively; of
these events, 93% occurred within 7 days after the first or second
dose of vaccine (data not shown).

There was no significant variation in the CD4+ cell counts
between day 0 and day 21 or day 42 in any group: in the
adjuvanted group, median changes of CD4+ cell counts were
+0 cells/mm? at day 21 and +0 cells/mm?” at day 42 for patients
receiving HAART and were +5 cells/mm” at day 21 and +39
cells/mm? at day 42 for patients not treated for HIV infection; in
the nonadjuvanted group, median changes of CD4+ cell counts
were —3 cells/mm’® at day 21 and —30 cells/mm’ at day 42
for patients receiving HAART and were +5 cells/mm® at day 21
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and —21 cells/mm’ at day 42 for patients not treated for HIV
infection. The viral load did not vary significantly between days
0 and 42 in both adjuvanted and nonadjuvanted vaccine groups
(data not shown).

Twenty-three patients had ILI, including 7 (5%) in the
adjuvanted vaccine group and 16 (11%) in the nonadjuvanted
vaccine group. Nasal swab samples were available for 6 patients
in the adjuvanted vaccine group and 11 patients in the non-
adjuvanted vaccine group. Two patients in the nonadjuvanted
group had test results that were positive for 2009 HINI,
1 patient on day 18 after the first vaccination (onset of symp-
toms, day 13) and 1 patient on day 25 after the second vacci-
nation.

DISCUSSION

Our study is the first randomized trial designed to evaluate the
immunogenicity and the safety of HIN1v vaccine, unadjuvanted
or adjuvanted with AS03,, in a population of HIV-1—infected
adults receiving HAART or without indication for antiretroviral
therapy. We observed that the adjuvanted vaccine formulated
with 3.75 g of HA antigen confers a higher immune response
than does the nonadjuvanted vaccine, which contains
4 times the antigen content, especially in patients treated with
HAART and after the first dose.

In the subgroup of patients receiving HAART, the adminis-
tration of a single 15-ug dose of nonadjuvanted vaccine was
associated with a proportion of patients with an HI titer of 1:40
or more of 70.2%, a seroconversion rate of 65.5%, and a geo-
metric mean fold increase of 12.4. Although this met the
regulatory requirements of the European Union Committee for
Medicinal Products for Human Use, it did not meet the CBER
requirements for seroprotection. In contrast, the treated patients
who received the adjuvanted vaccine met both regulatory
requirements after the first injection. Our findings are in keeping
with previous results published by Iorio et al [9], who reported
that patients with HIV infection receiving HAART who received
a nonadjuvanted seasonal influenza vaccine had a significantly
lower immune response, compared with that of patients who
received the MF-59 adjuvanted vaccine.

Moreover, the high response rate obtained after a single dose
of adjuvanted vaccine is equal to that obtained after 2 doses of
nonadjuvanted vaccine (93.4% vs 92.1%).

In our study, the HI immune response was shown to be
independent of baseline CD4+ cell counts, which is in contrast
with other studies that have used either the same ASO03
adjuvanted vaccine [23] or another nonadjuvanted formulation
[24], which have shown lower HI responses after a single-dose
vaccination and reported that baseline CD4+ cell counts were
positively associated with better immune responses. In our trial,
patients selected had to either have virologically controlled
infection for at least 6 months or not to have met the criteria for

HAART initiation. Consequently, patients with high baseline
CD4+ cell counts were preferentially enrolled, with only 3% of
patients having CD4+ cell counts <200 cellsymm?; therefore,
the population under study may not have been diverse enough
to evidence a correlation between CD4+ cell counts and
immune response. This indirect selection of patients with high
CD4+ cell counts, which nonetheless reflects the current status
of patients with HIV infection in care in industrialized countries,
could also explain the higher vaccine response rates observed in
our study, compared with those of other HIN1v vaccine trials
involving HIV-infected patients. However, in the study of Bickel
et al [23], which used the same AS03 adjuvanted vaccine,
patients had similar CD4+ cell count at baseline (mean CD4+
cell count, 514 cells/mm?). It is also possible that the observed
difference in HI between studies resulted, at least in part, from
technical read-out variations among the laboratories where the
respective study samples were tested, as has already been
observed with seasonal influenza [25].

The results of the present trial show that the 2009 A/HIN1v
vaccine with or without AS03, adjuvant was associated with
a clinically acceptable safety profile in HIV-infected patients. As
previously observed in a cohort of healthy volunteers [26], soli-
cited local and systemic adverse events were more frequent in
patients who received the adjuvanted vaccine. These adverse
events (notably, fever, headache, and asthenia) remained mostly
mild to moderate in intensity and decreased in frequency between
the first and the second dose, as reported in healthy adults.

Interestingly, in an HIN1v vaccine trial in a cohort of
healthy adult volunteers reported by Roman et al [26], pain at
the injection site was reported in 88.9% of subjects receiving
the AS03, adjuvanted HIN1v vaccine (5.25 pg HA) and in
59.1% of subjects receiving the nonadjuvanted HIN1v vaccine
(21 pg HA), compared with 65% and only 10%, respectively,
after the first dose in our study; erythema was observed in
31.7% of subjects who received the AS03, adjuvanted vaccine
and in 4.5% of subjects who received the nonadjuvanted
vaccine, compared with 12.9% and 3.3%, respectively, after
the first dose in our study. Also, asthenia, which was the most
common systemic adverse event in both studies, was reported
for 41.3% of subjects who received the adjuvanted vaccine and
27.3% of subjects who received the nonadjuvanted vaccine in
the Roman et al [26] trial, whereas these frequencies were 25%
and 4%, respectively, in our study. Therefore, although the
quantity of antigen was slightly higher in the latter study, the
intensity of local inflammation at injection site and the in-
tensity of systemic reactions appear to be sharply decreased in
HIV-infected patients, compared with healthy volunteers
vaccinated with HIN1v vaccine.

Previous reports have suggested that seasonal influenza
vaccines could, in some settings, induce a transient increase in
viral load. Our results with HIN1v vaccine did not demon-
strate any significant change in viral load or CD4+ cell counts
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after administration of either AS03, adjuvanted or non-
adjuvanted HIN1v vaccine. Although we cannot exclude
a transient increase of HIV-1 RNA replication within days of
the vaccination, results do not suggest any increased risk of
disease progression following vaccination with either formu-
lation, both in treated and in untreated patients. This is in line
with the report of a large study involving 36,000 HIV-infected
patients, which reported the absence of long-term effects of
seasonal influenza vaccine on CD4+ cell counts, viral load, or
progression to AIDS or death [11].

In conclusion, in a large randomized, controlled trial, the
AS03, adjuvanted HIN1v vaccine yielded a higher HI immune
response than did the nonadjuvanted vaccine in a cohort of
HIV-infected adults and had no impact on HIV infection. These
findings encourage the further development of adjuvanted
vaccines for use in the difficult-to-immunize population of
people living with HIV infection, which may be of critical
importance in future vaccination programs against influenza

viruses with novel HAs [27].
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