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and nef antigens, was tested in a phase I study in healthy, HIV negative volunteers in London
and Lausanne. Twenty-four participants were randomised to receive NYVAC-C (20) or matching
placebo (4) at weeks 0 and 4, and assessed for safety and immunogenicity over 48 weeks. There
were no serious adverse events, and no clinical or laboratory abnormalities or other events
that led to withdrawal, interruption or dose reduction of the NYVAC-C/placebo. Half of the 10
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. Introduction

he HIV pandemic continues, with an estimated 4.1 mil-
ion new infections in 2006, the vast majority of which
s acquired through heterosexual intercourse [1]. Even in
opulations where treatment is widely available, such as
omosexual men in developed countries, the epidemic per-
ists with estimated incidence as high as 3% per year [2]. A
afe, effective HIV vaccine must remain the ultimate goal.

This paper describes the first trial in the EuroVac [3]
cientific programme, an initiative funded by the Euro-
ean Commission through a series of three awards, bringing
ogether 21 academic and pharmaceutical partners in an
mbitious effort to bring new products into Phase I clinical
rials. The first candidate that emerged from GMP produc-
ion was one of the pox vectors.

The NYVAC (vP866) strain derived from a plaque-purified
solate (VC-2) of the Copenhagen strain after deletion of
8 genes encoding proteins involved in host range and vir-
lence, has been demonstrated to be highly attenuated,
nd well tolerated in clinical trials [4,5]. The HIV genes
xpressed in the recombinant vector within this study are
erived from the Chinese R5 CRF 07 strain (97CN54) [6]
hich has been shown to be representative of the most
revalent virus strains circulating in China and India. The
V01 trial described here was the first time this novel vac-
inia construct expressing HIV subtype C gag, pol, env and
ef antigens was studied in humans.

. Materials and methods

.1. Vaccine products

he vaccine, NYVAC-C (vP2010), was manufactured by Sanofi
asteur (formerly Aventis Pasteur, Lyon, France) accord-
ng to Good Manufacturing Practice and formulated as
106 CCID50/mL NYVAC-C (vP2010) in 0.25 ml × buffer (10 mM
ris—HCl buffer; pH 7.5), 0.25 ml × virus stabiliser (lac-
oglutamate) and 0.5 ml freeze-drying medium (according
o formula 65-1-3) (batch number used: NYVAC-C S3914,
lacebo S3915).

.2. Study design

V01 was a randomised, blinded Phase I trial conducted in
wo clinical centres: Centre Hospitalier Universitaire Vau-
ois (CHUV), Lausanne and St. Mary’s Hospital, Imperial
ollege of Science, Technology and Medicine, London. Par-
icipants were randomised to receive two vaccinations of
YVAC-C (n = 20) or vehicle placebo (n = 4) on day 0 and day

8 by intramuscular injection into the non-dominant deltoid.
articipants, clinical investigators and laboratory personnel
ere all blind to the allocation. The main purpose of the

our placebo controls was to avoid bias in the laboratory
taff conducting the immunological assays.
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assay under stringent criteria, which informed the sample size
o NYVAC-C alone.
erved.

The primary safety endpoints were grade 3 or above
vents reported as

Local (pain, cutaneous reactions including induration)
or systemic (fever, chills, headache, nausea, vomiting,
malaise, and myalgia) reactogenicity events solicited
within 7 days of vaccination.
Other unsolicited or laboratory adverse events reported
at or before the 48-week visit (confirmed at examination
or on repeat testing, respectively).
Any event attributable to vaccine leading to discontinu-
ation of the immunisation regimen reported at or before
the 48-week visit.

econdary safety endpoints were defined as grade 1 and
solicited adverse events within 7 days of a vaccination,

nd all grade 1 and 2 adverse events within 28 days of a
accination.

The primary immunogenicity endpoint was CD8/CD4+ T
ell responses at week 6/8, and at any point following immu-
isation assessed using the ELISpot technique defined as
ositive according to internationally agreed criteria [7]. The
econdary immunogenicity endpoint was antibody responses
efined by the binding titration to the gp140 of CN54 strain.

.3. Study population

ealthy volunteers were recruited through advertising in the
ospital and university in Lausanne and hospitals, colleges,
ewspapers, magazines and on the radio in London, and
iven a telephone number to contact. They were provided
ith further information about the study, and asked to com-
lete a short interview (by telephone or in person) to assess
heir suitability. They were given or sent an information
heet in an appropriate language about the trial.

Volunteers had to be 18—55 years old, available for 52
eeks from screening; at low risk of HIV and willing to

emain so for the duration; willing to undergo an HIV test,
enital infection screen, and pregnancy test (if appropri-
te); and using an effective method of contraception with
heir partner if heterosexually active.

Volunteers were not allowed to participate if they were
regnant or lactating; had a clinically relevant abnormal-
ty on history or examination including history of grand-mal
pilepsy, severe eczema, egg allergy, immunodeficiency or
se of immunosuppressives in preceding 3 months; had a
istory of severe local or general reaction to vaccination;
ere HIV-1/2 positive or indeterminate on screening or pos-

tive for hepatitis B surface antigen, hepatitis C antibody
r serology indicating active syphilis requiring treatment;
ad grade 1 or above routine laboratory parameters; or
ere deemed unlikely to comply with the protocol. The

se of blood products or immunoglobulins within 4 months,
ive attenuated vaccine within 60 days or other vaccine
ithin 14 days were not permitted. Participants were also

neligible if they had participated in another trial of a
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medicinal product completed less than 30 days prior to
enrolment.

2.4. Safety evaluations

Local and systemic reactogenicity data were collected sys-
tematically with specific questions prior to immunisation,
10 min (local only) and 1 h after immunisation, at least once
within the first 3 days following immunisation and at 1
week after immunisation. Vital signs (temperature, blood
pressure, pulse and respiratory rate) were measured pre-
immunisation, and at 10 and 60 min post-immunisation.

Participants were given a diary card, with instructions
and a full verbal explanation, describing the same solicited
events, which were to be filled in on the evening fol-
lowing immunisation and daily for 7 days, or longer if
events were ongoing. This was to assist in recall, and the
nurses/physicians went through this with them at the next
scheduled visit. Participants were advised to return to clinic
if vesicles appeared at any site at any time following immu-
nisation.

Data on other clinical events and laboratory events were
collected with an open question at each visit and through
haematology and chemical pathology performed at screen-
ing, 3 days and 4 weeks after each vaccination and at weeks
24 and 48.

2.5. Immunogenicity evaluations

2.5.1. Cellular assays
The immunogenicity of NYVAC-C was assessed by the quan-
tification of T-cell responses evaluated using the IFN-�
ELISpot assay with a panel of eight pools of 49—61 peptides
(15-mers overlapping by 11 amino acids), namely ENV1/2,
GAG1/2, GAG/POL, NEF and GPN1—2. The peptides encom-
passed the gag-pol-nef and env proteins of HIV-1 based on
the sequence of the immunogens expressed by the NYVAC-
C that were derived from the CN54 clade C isolate. The
assays were performed on cryo-preserved peripheral blood
mononuclear cells (PBMC) at weeks 0, 4, 6, 8, 24 and 48. The
following criteria were used to define the technical validity
of the assay and positive responses:

(a) The assay background (unstimulated PBMC) had to
be below 50 spots/106 PBMC and the positive con-
trol responses to staphylococcal enterotoxin B above
500 spots/106 PBMC.

(b) Positive responses had to be at least fourfold above
background and equal to or higher than 55 spots/106

PBMC.

2.5.2. Flow cytometry analysis
The distribution of T-cell responses in CD4 and CD8 T-
cell populations was assessed using polychromatic flow
cytometry in responders with more than 100 SFU/106 blood
mononuclear cells measured in the IFN-� ELISpot assay.

Cryo-preserved blood mononuclear cells (1—2 × 106) were
stimulated overnight in 1 ml of complete media contain-
ing golgiplug (1 �l/ml, BD Biosciences (BD)) and �CD28
antibodies (Ab) (0.5 �g/ml, BD) as described [8]. For stimu-
lation of blood mononuclear cells, peptide pools were used

a
i
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t 1 �g/ml for each peptide. SEB stimulation (200 ng/ml)
erved as positive control. The following Abs were used
n various combinations: CD4-FITC, CD8-PerCP-Cy5.5, IFN-
-APC and IL-2-PE. All Abs were from BD. At the end
f the stimulation period, cells were washed, permeabi-
ized (FACS Perm 2 solution; BD) and stained as previously
escribed [8]. Data were acquired on a FACScalibur and anal-
sed using CellQuestTM. The number of lymphocyte-gated
vents ranged between 105 and 106 in the flow cytometry
xperiments shown. With regard to the criteria of posi-
ivity of ICS, the background in the unstimulated controls
ever exceeded 0.01—0.02%. An ICS to be considered pos-
tive had to have a background less than 20% of the total
ercentage of cytokine-positive cells in the stimulated sam-
les.

Specimens were collected according to the schedule
nd the assessments were conducted in a single labora-
ory (CHUV) by five personnel using standardised equipment
nd operating procedures. Samples from all volunteers were
ested at all time points using a pool of peptides derived
rom cytomegalovirus, Epstein Barr virus and influenza
CEF).

.5.3. Humoral assays
ntibody responses to NYVAC-C were analysed using ELISA,
easuring titres of IgG to gp140 CN54 at weeks 0, 4, 8 and

4. All participant sera were screened at a 1/100 dilution,
nd subsequently at 1/20. Participants with any positive
esult in this screen were further investigated by performing
ull binding titration: At each time point, four separate ELISA
xperiments (repetitions) on the same participant sample
ere performed. For each repetition, serum was titrated

rom 1/20 to 1/240 (seven dilutions). All these analyses
ere performed at the Sir William Dunn School of Pathol-
gy, Oxford University, by a single person using standardised
quipment and operating procedures. Normal human serum
nd serum from HIV-1 seropositive patients were used as
ontrols in all screening ELISAs.

.6. Statistical methods

ll clinical event and routine laboratory data were included
n the safety analysis.

The following assumptions were made: when the same
vent was reported on the clinic form and diary card and
he grades reported were different, the maximum grade was
eported; any event existing prior to immunisation that per-
isted after the vaccination was only considered to be an
dverse event if the severity/grade of the event increased
ost-immunisation; within the 4 weeks following each vacci-
ation, a recurrence of any event was defined as an adverse
vent that occurred after the first event, with a period of no
olicited events of the same type in between. The duration
f an event was defined as the number of days from the start
f the event to the first event-free day.

The T-cell responses were analysed as present or absent

nd reported as the number (%) of participants respond-
ng to each peptide pool. For the IgG binding titration to
N54-gp140 the analysis was performed as follows: at each
ilution and background (no serum) the optical density was
ssessed three times and then averaged. For each repetition
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nd dilution, baseline optical density was subtracted from
he optical density at weeks 4, 8, and 24. For each week and
epetition, a regression line was then fitted, from which the
nd-point titre was derived (the lowest concentration where
here is an optical density above the mean background plus
wo standard deviations). If the estimated end-point titre
as within the dilution range, the repetition was classified
s positive. For each participant and week, results were
lassified as ‘negative’ if there were zero or one positive
epetitions, as ‘borderline positive’ if there were two pos-
tive repetitions, and as ‘positive’ if three or four positive
epetitions.

.7. Trial management

he study documents were reviewed and approved by St.
ary’s LREC (Local Research Ethics Committee) and GTAC

Gene Therapy Advisory Committee) for the UK, and Com-
ission d’éthique de la recherche clinique (Université de

ausanne) for Switzerland. Regulatory approval was also
btained from the competent authorities in both coun-

ries, MHRA (Medicines and Healthcare Products Regulatory
gency) for the UK and Swissmedic for Switzerland.

The trial was overseen by a Trial Coordinating Commit-
ee (TCC) which included the Principal Investigators from
ach centre, a representative from Sanofi Pasteur, and two

p
w
p
w

Fig. 1 Flow chart of study re
P.-A. Bart et al.

ndependent members including the Chair. A Data and Safety
onitoring Committee (DSMC) was also appointed to review

he design and protocol, but was only needed to meet dur-
ng the trial if three or more participants experienced an
nexplained, unexpected grade 3 or 4 clinical or laboratory
vent.

The data management, site monitoring, analysis and
eport writing were coordinated by the UK Medical Research
ouncil Clinical Trials Unit (MRC CTU) in collaboration with
he Clinical Centres, Sanofi Pasteur and the EuroVac scien-
ific programme coordination.

. Results

.1. Study population

f 36 volunteers screened 12 were not enrolled for reasons
escribed in the study flow diagram (Fig. 1). Twenty-four
olunteers were enrolled into the study between 4th August
nd 5th November 2003.
Four participants, median age 38 years old, received a
lacebo vaccination. Two (50%) were female and three (75%)
ere of white ethnicity. The baseline characteristics of the
articipants receiving NYVAC-C are described in Table 1, and
ere similar to those receiving placebo.

cruitment and follow-up.
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Table 1 Baseline characteristics in NYVAC-C recipients

Characteristic Centre Total

CHUV (n = 10) St. Mary’s (n = 10)

Demographic and clinical data
Sex Female 5 (50%) 4 (40%) 9 (45%)
Age (years)a 28 (20—51) 36 (22—49) 28 (20—51)
Ethnicity White 10 (100%) 8 (80%) 18 (80%)

Arm circumference (cm)a Male 31 (29—33) 33 (27—37) 31 (27—37)
Female 30 (28—30) 29 (27—31) 30 (27—31)
Total 30 (28—33) 31 (27—37) 30 (27—37)

Height (cm)a Male 178 (169—185) 179 (170—189) 178 (169—189)
Female 168 (164—171) 171 (162—177) 168 (162—177)
Total 171 (164—185) 176 (162—189) 173 (162—189)

Weight (kg)a Male 68 (63—70) 80 (67—94) 70 (63—94)
Female 64 (55—67) 65 (57—70) 64 (55—70)
Total 66 (55—70) 73 (57—94) 68 (55—94)

Diastolic blood pressure (mmHg)a 73 (65—84) 73 (60—90) 73 (60—90)
Systolic blood pressure (mmHg)a 114 (100—135) 110 (106—130) 111 (100—135)

Routine laboratory parametersb

Haemoglobina (g/dl) 13.9 (11.0—15.3) 14.9 (12.6—16.5) 14.0 (11.0—16.5)
White cell counta (109 cells/l) 5.8 (3.5—10.2) 7.1 (6.4—10.5) 6.6 (3.5—10.5)
Neutrophilsa (109 cells/l) 3.4 (1.6—6.1) 4.2 (3.6—6.7) 4.0 (1.6—6.7)
Lymphocytesa (109 cells/l) 1.7 (1.0—3.5) 2.1 (1.8—2.9) 2.0 (1.0—3.5)
Plateletsa (109 cells/l) 291 (181—344) 244 (152—362) 282 (152—362)
ALTa (U/l) 18 (7—44) 21 (13—41) 19 (7—44)
Alkaline phosphatasea (U/l) 54 (31—69) 66 (52—104) 60 (31—104)
Bilirubina (�mol/l) 10 (10—14) 10 (7—19) 10 (7—19)
Creatininea (�mol/l) 98 (81—104) 93 (70—141) 97 (70—141)

a 5.0

ys) b
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Glucose (�mol/l)
a Median (range).
b Blood taken at screening visit a median of 7 days (IQR 4—31 da

The immunisation schedule was completed as planned
by all participants. A total of 96 clinic visits were expected.
One participant (NYVAC-C) missed visit 6, 3 days after the
second immunisation but attended for the following visit 1-
week after the second immunisation and a diary card was
completed for the whole week, and one participant (NYVAC-
C) failed to attend the week 48 appointment, and the data
from this final visit are missing from the safety analyses.

3.2. Safety results

There were no serious or severe/extreme (grade 3/4)
events, although two volunteers (both NYVAC-C) were
admitted for elective surgery for pre-existing conditions dur-
ing follow-up, one for lipo-suction and one to repair an
inguinal hernia. Neither event met the protocol definition
of a serious adverse event (based on ICH GCP criteria) [9].

Vital signs before and after immunisations were similar.
There were no moderate (grade 2) local reactions follow-

ing the first immunisation and only one after the second
(induration recorded by a participant that received NYVAC-
C on a diary card) (Fig. 2). The most common solicited local
reaction was pain at the injection site. The proportion of
participants receiving NYVAC-C with erythema increased sig-

1
i
b
h
i

(3.9—6.4) 4.4 (3.7—6.0) 4.8 (3.7—6.4)

efore trial entry.

ificantly after the second immunisation (p < 0.002). Four
olunteers (all NYVAC-C) reported eight moderate systemic
vents (one chills/rigors, two malaise, one myalgia, three
eadache, and one nausea), three following the first immu-
isation and one following the second. The most common
olicited systemic reaction was malaise. The median dura-
ion of solicited events was 2 days (range 1—9 days). Five
vents lasted for 5 days or more and these were all in par-
icipants receiving NYVAC-C.

There were no grade 2 laboratory abnormalities. Eleven
articipants (eight NYVAC-C, three placebo) developed
rade 1 abnormalities that were not present at screening in
he following routine laboratory parameters: platelets (one
YVAC-C), ALT (three NYVAC-C), AST (one placebo), biliru-
in (one NYVAC-C), creatinine (four NYVAC-C, one placebo)
nd glucose (one NYVAC-C, one placebo). None of these was
onsidered clinically significant.

Five NYVAC-C recipients reported a non-solicited adverse
vent within 28 days of an immunisation, which was consid-
red related to study product. All of these were mild (grade

): oral ulceration on day 2 following immunisation last-
ng 7 days; pain at injection site on day 8 lasting 3 days;
lood streaks when blowing nose on day 0 lasting 2 days,
aematoma at injection site on day 2 lasting 11 days, and
tchiness at injection site on day 7 lasting 5 days.
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ig. 2 Number of solicited adverse events (episode of max-
mum grade) within 7 days of (a) vaccination 1 and (b)
accination 2.

All of the volunteers reported at least one non-solicited
dverse event during total follow-up to week 48. Sixty-seven
vents in 23 volunteers were considered mild and 15 events
n 12 volunteers moderate. Nine events in eight (7 NYVAC-C,
placebo) participants were considered possibly or probably

elated to study product, only one of which was moderate
nd this was fatigue occurring in a participant 10 weeks after
he first NYVAC-C immunisation. This event was associated
ith mild weight loss (3 kg from a baseline of 65 kg), and
oth were considered possibly related to vaccine. Complete
esolution occurred after 12 weeks.

.3. Immunogenicity results

ue to a technical error with the equipment used to sepa-
ate cells prior to freezing at St. Mary’s Hospital Laboratory,
here were no baseline and no primary endpoint samples
vailable from participants that had been enrolled at St.
ary’s. All 12 CHUV participants were included in the ELISpot
nalyses. One of the two participants receiving placebo had
etectable ELISpot responses. These were to the GPN pep-
ide pool and were seen at baseline and all subsequent

eeks (4, 6, 8, 24 and 48). T-cell responses were detected in
ve out of 10 NYVAC-C recipients with available stored sam-
les (50%, 95% CI: 19—81%) (Table 2 and Fig. 3). Responses
o env represented the majority of the total responses (i.e.
NV1 50% and ENV2 10%) and were found in all respon-

i
i
g
i
N
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ers in the range of 58—120 SFU/106 cells (Fig. 3). The
nv-specific T-cell responses were therefore further char-
cterized, and successfully mapped in four volunteers to
dentify five distinct epitopes, two of which are new, and
hree have been previously described in HIV-infected sub-
ects (NVWATHACVPTDPNP, KNCSFNISTSIRGKV, TDPNPQEVV).

Multicolor flow cytometry analysis was carried out on two
-week samples with more than 100 SFU/106 blood mononu-
lear cells measured in the IFN-� ELISpot assay. This analysis
onfirmed that both CD4 and CD8 T-cell responses were
nduced and that responses were polyfunctional, as indi-
ated by the presence of both IFN-� and IL-2 secreting T
ells (Fig. 4).

Specimens were available from all trial participants up
o and including week 24 for assessment of IgG antibody
esponses to CN54 gp140 antigen using ELISA. All partic-
pants were negative at 1/100 dilution. At 1/20 dilution
2 specimens (10 NYVAC-C, 2 placebo) gave signals above
he background, meriting further investigation as described
nder Section 2. Three (15%, 95% CI: 3—38%) participants
all in the NYVAC-C group) had at least one positive anti-
ody response at maximal end-point titre of 61, 116 and 50
t weeks 4, 8, and 24, respectively.

Only one of these three participants was assessed in the
LISpot assay, as the other two were St. Mary’s participants.
his participant was a responder in the ELISpot assay. Of the
our remaining participants with a positive ELISpot, 1 had a
orderline positive IgG response and three were negative.

. Discussion

revious trials of HIV immunogens using pox vectors have
een disappointing in comparison to Adenovirus vector in
erms of cellular responses. Although only 10 of the individ-
als exposed to NYVAC-HIVC had viable cells for the ELISpot
ssessment, 5 (50%) of these were responders under the
ost stringent criteria. This is encouraging and warrants

urther investigation, particularly in light of the favourable
afety profile reported here.

The EuroVacc investigators were able to amend the pro-
ocol in time to collect ELISpot samples 2 weeks after the
econd NYVAC-C immunisation, after emergent data sug-
ested the peak response may occur at this time point.
his was confirmed as all five responders were detected at
eek 6, whereas only three would have been identified if
eek 8 had been the only time point. However, no ELISpot

esponses were durable, with only one individual eliciting a
ositive response at week 24, and none by week 48. As part
f a non-protocol study IgM responses to Env were exam-
ned, and detected in a greater proportion of participants
han IgG. Moreover, serum from the patient with the great-
st Env-specific IgM titre demonstrated antibody-dependent
omplement-mediated inactivation of the autologous isolate
n a PBMC-based assay, suggesting that the Env-specific IgM
ould have antiviral activity [10].

Two important lessons arose from this trial. Firstly, that

t is not feasible to go from bench to completion of clin-
cal trial within a 3-year scientific grant. The EuroVac I
rant started in 2000, with the intention of delivering five
mmunogens using common inserts. The first immunogen,
YVAC-C, emerged in the third quarter of 2003, and the
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Fig. 3 Magnitude of the T-cell responses. (A) Individual patterns of the T-cell responses as measured by the frequencies of the
IFN-� secreting cells against different peptide pools encompassing the env, gag, pol and nef proteins in the ELISpot assay are shown
for all responders. Each bar corresponds to the reactivity against a different peptide pool and positive responses are indicated by
a star. (B) Distribution T-cell responses against ENV1 at different time points.
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Table 2 ELISpot responses for participants receiving NYVAC-C, by participant and week

Participant Week 0 Week 4 Week 6 Week 8 Week 24 Week 48

S0101 — — — — — —

S0102 — — Env1 Env1 — —
Env2
Nef

S0104 — — — — — —

S0105 — — — — — —

S0106 — Env1 Env1 Env1 Env1 —
Gag1
Gag2
Nef

S0107 — Env1 Env1 — — —

S0108 — — Env1 Env1 — —
Env2
Gag1
Gag2
Nef

S0109 — — — — — —

S0111 — — — — — —

S0112 — — Env1

Placebo recipients: S0103, no response to any pool at any time; S011
other pools at any time points.
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later by Professor Peter Liljeström based at the Karolinska
ig. 4 Detection of IFN-� but also IL-2 secreting ENV-specific
D4 T cells in a responder.

roduction was heavily underpinned by Sanofi Pasteur (then
ventis). The second lesson was that sharing standardised
perating procedures is insufficient to guarantee quality
ontrol of biological assays. Although experienced labora-
ory technicians from the London site visited the central
aboratory in Lausanne and observed the standardised oper-

ting procedures in practise, and laboratory staff from
ausanne observed procedures in London, the baseline spec-
mens collected from London participants failed to yield any
ells. This was due to a fault within the machine used to
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0, response to GPN pool at all time points, no response to any

reeze cells prior to cryopreservation. By the time the error
as detected all the participants had been enrolled and
assed the primary endpoint (week 8). Corrective action was
aken immediately and there were no further failures in this
r the subsequent trial.
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