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Abstract
Background—The impact of anti-vector immunity on the elicitation of insert-specific immune
responses is important to understand in vaccine development. HVTN 055 was a 150 person phase
I randomized, controlled HIV vaccine trial of recombinant modified vaccinia Ankara (rMVA) and
fowlpox (rFPV) with matched HIV-1 inserts which demonstrated increased CD8+ T-cell immune
responses in the heterologous vaccine group. The controls used in this study were the empty
vectors (MVA and FPV).

Methods—Anti-MVA and anti-vaccinia neutralizing antibodies (NAbs) were measured and
compared with cellular and humoral HIV-1-specific immune responses.

Results—Elicitation of anti-vector responses increased with increasing dose of MVA and up to 2
administrations. Further inoculations of MVA (up to 5) did not increase the magnitude of the anti-
MVA response but did delay the anti-vector NAb titre decay. There was no evidence that the
insert impaired the anti-vector response, nor that anti-vector immunity attenuated the insert-
specific responses.

Conclusion—Two doses of MVA may be ideal for the elicitation of orthopoxvirus immune
responses with further doses maintaining increased titres against the vector. We found no evidence
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that eliciting HIV insert- or MVA vector-specific immune responses interfered with elicitation of
immune responses to the other.

Trial Registration—http://www.clinicaltrials.gov/ Identifier: NCT00083603
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INTRODUCTION
Recombinant poxvirus vectors are leading candidates for HIV-1 vaccines due to their safety,
immunogenicity, genetic stability, and tolerance of large inserts [1]. However, anti-vector
immune responses develop following immunization, potentially limiting responses to the
immunogen. Heterologous prime-boosting may circumvent immune responses directed
against the initial vector, thus allowing boosting of immune responses to the insert [2, 3].

In HVTN 055, a recombinant modified vaccinia Ankara (rMVA) vector and a recombinant
fowlpoxvirus (rFPV) vector were constructed with matching HIV-1-derived inserts (rMVA-
HIV and rFPV-HIV) and different prime-boost regimens were compared [4]. The
heterologous regimens of two rMVA-HIV injections followed by three rFPV-HIV injections
(rMVA-HIV(2)/rFPV-HIV(3)) led to higher frequencies of HIV-1-specific CD8+ T cells
compared with a homologous regimen of five injections of rMVA-HIV (rMVA-HIV(5)) [4].
In contrast, gp120-specific antibodies were induced in two-thirds of the rMVA-HIV(5)
group, but less than 22% of the recipients who received rMVA-HIV(2)/rFPV-HIV(3) [4].
This study utilized unique control vaccines, namely non-recombinant empty MVA and FPV
vectors rather than a placebo, which allows for an assessment of the impact of vector and
insert responses on each other. In our prior work [5, 6], peak anti-MVA neutralizing
antibody (NAb) responses blunted the “take” following VACV challenge and in turn
appeared to limit T cell responses to VACV. We therefore hypothesized that repeated
inoculations with the same vector may have induced anti-vector immune responses which
could have blunted responses to the HIV-1 specific insert. We performed NAb assays for
MVA and vaccinia virus (VACV) on sera from the HVTN 055 study and compared the
induction of anti-vector with anti-insert immune responses.

MATERIALS AND METHODS
Study Design and Subjects

HVTN 055 was a randomized, controlled, double-blinded phase I clinical trial which
enrolled 150 HIV-uninfected, vaccinia-naïve volunteers. The recombinant rMVA and rFPV
vectors with matched HIV-1-derived inserts (rMVA-HIV and rFPV-HIV) were provided by
Therion Biologics (Cambridge, MA) and empty vectors (MVA and FPV) were used as
controls. FPV and rFPV-HIV were given at a dose of 1 × 109 plaque-forming units (pfu)
while MVA and rMVA-HIV were given at escalating doses of 1 × 107, 1 × 108, or 1 × 109

pfu. Inoculations were given at 0, 1, 3, 5, and 7 months and the heterologous groups
received MVA or rMVA-HIV at 0 and 1 months and FPV or rFPV-HIV at 3, 5, and 7
months (MVA(2)/FPV(3) or rMVA-HIV(2)/rFPV-HIV(3)). Demographics, safety
assessments, and immune responses to the HIV-1-derived inserts have been reported [4].
Three subjects were excluded from our analyses (one each from the 109 rMVA-HIV(2)/
rFPV-HIV(3), 109 rFPV-HIV(5), and 109 FPV(5) groups) as no baseline samples were
available; a fourth subject (from the 109 rMVA-HIV(5) group) was excluded as no samples
were available following the enrollment vaccination.
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Orthopoxvirus Neutralization Assays
NAb responses against VACV and MVA were measured on serum samples obtained prior to
immunization (day 0) and two weeks following first (day 14), second (day 42), third (day
98), fourth (day 154), and fifth immunizations (day 210), and days 273 and 394, using a
luciferase based assay as described [6, 7]. The limit of detection for the assay was a titre of
1:10. A positive response for the MVA and VACV assays was defined as a titre ≥2 times the
baseline (day 0) titre and ≥ 1:20.

HIV-1 Specific Immune Responses
Details of the cellular and humoral immune responses to the HIV-1-derived inserts have
been reported [4]. Briefly, ICS assays [8] to measure T cell responses to HIV-1 PTE-G
peptide pools [9] were run on specimens from days 42, 98, 154, and 394. Data on responses
to any peptide pool and overall magnitude (background-adjusted percentage of positive
cells) for a T cell subset were used. Anti-Gag (p24) and anti-Env (gp120) binding antibody
responses were determined by HVTN-validated ELISAs [10] run on specimens obtained on
days 98, 154, 210, and 394.

Statistical Analysis
Analyses were generally performed as intent-to-treat (ITT) with all subjects with assay data
included regardless of the number of inoculations received. Per-protocol (PP) analyses were
used when noted and refer to analyses in which subjects are excluded from a time point if
they did not receive all scheduled inoculations prior to that time point.

Analyses of the association of MVA or VACV neutralization with HIV-1-specific T cell
responses measured by ICS and HIV-1 binding antibody responses measured by ELISA
were limited to subjects who received vaccine containing the HIV-1-derived inserts
(vaccinees) and did not include the 107 and 108 rMVA-HIV(2)/rFPV-HIV(3) arms due to
small numbers. Subjects who received empty vectors were excluded from analyses
comparing insert and vector response. To assess differences in ICS and ELISA response
rates and MVA or VACV neutralization, vector-specific neutralization was categorized into
low (non-responder or titre less than the median for responders for that assay/arm/visit) and
high (titre greater than or equal to the median for responders for that assay/arm/visit).

Differences in rates were tested with two-sided Fisher exact tests and differences in titre
distributions were tested with Wilcoxon rank sum tests. Tests with a two-sided p value <
0.05 were considered significant. No adjustments were made for multiple comparisons. 95%
confidence intervals (CIs) for response rates were calculated using the score test method
[11]. Spearman correlations were used to assess the correlation between MVA or VACV
titres and the magnitude of T cell responses or background-adjusted ELISA ODs for
responders to the two assays being compared; correlation comparisons were limited to those
with a sample size of at least 10.

RESULTS
Anti-Vector Neutralizing Antibody Responses

Baseline NAb responses to MVA and VACV were low as expected since subjects were
vaccinia-naive [4]. NAb responses to MVA and VACV were detected in a dose-dependent
manner (Figure 1; Table 1, ITT; Supplemental Table 1, PP) from subjects who received
MVA either alone or followed by FPV. Importantly, response rates for the MVA and VACV
neutralization assays were similar for those in the vaccine (rMVA-HIV) and control (MVA)
arms within a dose group (Supplemental Figure 1A-1E). Therefore, comparisons examining
MVA and VACV response rates and titres by group combine vaccinees with subjects who
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received empty vector controls. Titres were higher when neutralization was measured
against MVA than VACV, as reported [6], but the overall kinetics were similar between the
two assays. Subjects who received FPV alone had essentially no NAb responses to either
MVA or VACV.

Response rates were low for the 107 MVA(2)/FPV(3) group but increased with increasing
dosage of MVA and between the first and second inoculations (Figure 1; Table 1). For both
the 109 MVA(2)/FPV(3) and the 109 MVA(5) groups, 100% response rates were observed
for MVA and VACV neutralization after the second inoculation. Continued administration
of MVA after the second inoculation did not lead to higher NAb titres in the 109 MVA(5)
group but did lead to a slower decline in titres compared with the 109 MVA(2)/FPV(3)
group. Statistically significant or borderline differences in response rates between the 109

MVA(2)/FPV(3) and the 109 MVA(5) groups were observed for MVA neutralization at day
394 (p=0.06 ITT, p=0.01 PP) and for VACV neutralization at day 98 (p=0.054 ITT, p=0.03
PP) and days 154, 210, 273, and 394 (all p values <0.005). In the 108 MVA(2)/FPV(3)
group, 11 of 12 (91.7%) recipients responded to MVA after the second inoculation, while in
the 107 MVA(2)/FPV(3) group 9 of 11 (81.8%) subjects responded.

Following the second inoculation, orthopoxvirus-specific NAb titres declined in the
heterologous groups compared with the 109 MVA(5) group. By day 394, 8 of 10 (80%)
subjects in the 107 MVA(2)/FPV(3) group had anti-MVA NAb titres < 1:20, as did 5 of 11
(45.4%) subjects in the 108 MVA(2)/FPV(3) group. Only 3 of 37 (8.1%) subjects in the 109

MVA(2)/FPV(3) group and none (0 of 36) of the subjects in the 109 MVA(5) arm had
seroreverted by day 394.

Taken together, our results demonstrate that the HIV-1 inserts had no obvious impact on the
development or maintenance of vector-specific neutralization activity. A clear dose-
dependent effect on peak NAb titres is seen with MVA administration. Furthermore, while
two inoculations of MVA at 109 pfu led to a maximal response rate and titre, the decline in
VACV and MVA NAb titres was substantially delayed by continued inoculations of MVA.

Comparison of MVA and VACV Neutralization with T cell Responses
We compared anti-vector NAb responses with T cell responses directed against the HIV-1
insert to determine if anti-vector responses interfered with the development of insert-specific
cellular immune responses. With respect to anti-MVA NAbs, there were two significant
differences in T cell response rates between high and low anti-MVA neutralization groups
(Table 2): 109 rMVA-HIV(2)/rFPV-HIV(3) CD8+ T cell responses at day 394 (high=70%,
low=25%, p=0.04) and 109 rMVA-HIV(5) CD4+ T cell responses at day 394 (high=0%,
low=31%, p=0.03). For the VACV NAb assay, 109 rMVA-HIV(2)/rFPV-HIV(3) vaccinees
with high neutralization activity had significantly higher CD8+ T cell responses than the low
neutralization group at day 98 (high=54.5%, low=7%, p=0.02) and day 154 (high=90%,
low=29%, p=0.004).

For responders to MVA or VACV, we compared their MVA and VACV NAb titres by
CD4+ or CD8+ T cell response to evaluate any association between T cell responses to the
insert and MVA or VACV titres. There were no significant differences in the distributions of
MVA or VACV NAb titres between T cell responders and non-responders, except for CD8+
T cell responses among 109 rMVA-HIV(2)/rFPV-HIV(3) vaccinees at day 154 for MVA
NAb titres (median titre for responders = 184.5, for non-responders = 51.0, p=0.002) and at
day 98 for VACV titres (median titre for responders = 92.0, for non-responders = 41.0,
p=0.02).
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We used Spearman correlation to evaluate associations between the magnitude of the anti-
insert T cell responses and anti-vector NAb titres. Among responders to the MVA and ICS
assays, the correlations between MVA NAb titres with the magnitude of T cell responses
were low to moderate (Figures 2A-C), with only the CD4+ T cell responses in the 109

rMVA-HIV(2)/rFPV-HIV(3) group at day 154 being significant (r=0.52, p=0.046). For the
VACV assay, the CD4+ comparison for the 109 rMVA-HIV(2)/rFPV-HIV(3) group at day
42 (after 2 MVA vaccinations) was significant (r=0.59, p=0.03) but not when the 109

rMVA-HIV(2)/rFPV-HIV(3) and 109 rMVA-HIV(5) arms were combined (r=0.21).

Overall, these limited associations suggest that vector-specific humoral responses elicited by
MVA do not interfere with development of cell-mediated responses directed against the
HIV-1 insert. In fact, most interactions observed are in the opposite direction; there is some
evidence of a modest, but positive, association between anti-vector neutralization activity
and T cell responses elicited by the insert.

Comparison of MVA and VACV Neutralization and HIV ELISA Responses
We also compared binding antibody responses elicited by the HIV-1 insert to vector-specific
neutralization activity. There were no significant differences in ELISA response rates to
either p24 or gp120 between the high and low MVA neutralization groups (Table 3). For
VACV neutralization, there were no significant differences in ELISA response rates to
either p24 or gp120 in the 109 rMVA-HIV(2)/rFPV-HIV(3) vaccine arm. Among vaccinees
who received 109 rMVA-HIV(5), the high VACV neutralization group had higher ELISA
response rates (except at day 394) with significant differences for both p24 and gp120 on
day 98 (p=0.02 for both), and gp120 on days 154 (p=0.05) and 210 (p=0.004).

For responders to MVA or VACV, we also compared their NAb titres by whether they had
binding antibody responses to p24 or gp120 elicited by the HIV-1 insert. There were no
significant differences in MVA NAb titres between those who responded to p24 or gp120.
Among vaccinees in the 109 rMVA-HIV(5) arm with a VACV response, p24 responders had
significantly higher VACV NAb titres than non-responders at day 154 (p=0.01) and gp120
responders had significantly higher VACV NAb titres at days 98 (p=0.03), 154 (p=0.04),
and 210 (p=0.005). Among 109 rMVA-HIV(2)/rFPV-HIV(3) vaccinees, the difference in
VACV titres between p24 responders and non-responders at day 210 was significant
(p=0.04).

We used Spearman correlation to evaluate for associations between the magnitude of the
binding antibody responses to the HIV-1 insert and anti-vector NAb titres. Correlations
between MVA or VACV NAb titres and ELISA background-adjusted ODs for responders
were low (range of r values −0.38 – 0.46), with no significant differences.

Taken together, these modest associations suggest that vector-specific neutralization activity
elicited by MVA do not interfere with development of binding antibody responses directed
against the HIV-1 insert. While there was no interaction between MVA neutralization and
ELISA responses, those vaccinees with high VACV neutralization activity were more likely
to have a response to gp120.

DISCUSSION
We characterized anti-orthopoxvirus NAb responses elicited by MVA vaccination at doses
from 107 to 109 pfu in subjects who were inoculated with MVA or MVA followed by FPV.
Neutralizing antibody responses against MVA and VACV were clearly generated by the 108

and 109 doses of MVA, but only a minority of recipients in the 107 dose group
seroconverted against VACV. Interestingly, a single administration of MVA in the highest
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dose groups (109 MVA(2)/FPV(3) or MVA(5)) elicited detectable anti-MVA and anti-
VACV NAb titres in most subjects at day 14 compared to a 50% response rate to MVA and
25% response rate to VACV in the 108 MVA(2)/FPV(3) group after a single injection.
These titres substantially increased by day 42 and all subjects in the 109 MVA(2)/FPV(3)
and MVA(5) groups seroconverted.

Further inoculations of MVA did not lead to boosting in MVA or VACV NAb titres, but did
lead to a slower decline in titres compared with the 109 MVA(2)/FPV(3) group. By day 394,
97% of subjects in the 109 MVA(5) group still had detectable anti-MVA NAb responses
compared with 81% in the 109 MVA(2)/FPV(3) arm. For VACV-specific neutralization, the
difference was more pronounced: 64% for the 109 MVA(5) group versus 30% in the 109

MVA(2)/FPV(3) arm. This suggests that two doses of MVA are optimal, at least for eliciting
anti-orthopoxvirus responses, although the utility of booster doses on a longer time scale are
not known.

MVA has most often been administered twice at a one month interval [6, 12–14]. One study
using MVA-TBC (Therion), similar to the strain used in HVTN 055 but at a dose of 1 × 106

pfu, inoculated volunteers up to three times and found little difference in orthopoxvirus-
specific NAb titres, CD4+ T cell responses, or CD8+ T cell responses between subjects
vaccinated with MVA once, twice, or thrice prior to Dryvax challenge [15]. In HVTN 065,
rMVA with HIV-1 inserts was given twice following a DNA priming vaccine versus thrice
without a prime. Recipients in the DNA prime/rMVA boost arm had significantly lower
VACV-specific T cell responses after the first rMVA boost than subjects who received
rMVA alone, but this inhibition was overcome by the second dose of rMVA [16]. In two
studies using MVA to deliver melanoma-derived CD8+ T cell epitopes, the rMVA-Mel3
vaccine was given up to four times at doses ranging from 107 to 109 pfu to patients with
melanoma [17, 18]. Anti-MVA binding antibodies and MVA-specific T cells were elicited
but detailed kinetics for the humoral responses were not described [17, 18]. MVA-specific T
cell responses were generally maximal after two injections, although two of five patients had
increased VACV epitope-specific CD8+ T cell responses after all four inoculations [19].

Although we did not see evidence of boosting in NAb titres after the second immunization,
there was boosting of insert-specific CD8+ T cell responses in the rMVA-HIV(2)/rFPV-
HIV(3) groups, particularly at the highest dose [4]. In contrast, heterologous boosting did
not increase anti-Env antibody responses which were highest in the 109 rMVA-HIV(5)
group [4]. We explored the relationship between anti-vector and anti-insert responses and
we found minimal interaction between the two. High MVA or VACV NAb titres were not
associated with lower T cell responses to the HIV inserts, suggesting that anti-vector
responses do not interfere with development of responses to the immunogen. There was
some evidence of a positive association between VACV neutralization and CD8+ T cell
responses among vaccinees who received rMVA-HIV(2)/rFPV-HIV(3), although this
association was not seen with MVA neutralization. There was no association between MVA
neutralization and ELISA responses against gp120 or p24, but vaccinees receiving rMVA-
HIV(5) who had high VACV neutralization activity were more likely to have an antibody
response to gp120.

In an analogous macaque study using rVACV, rMVA, and rFPV vectors from Therion
(similar to the vectors used in HVTN 055) at a dose of 2 × 109 pfu which delivered SIV-
derived inserts [20], our group found evidence that a third dose of rMVA did elicit boosting
of anti-orthopoxvirus humoral responses [7]. In a regimen of rMVA-SIV at weeks 0, 8, 26,
and 43, higher anti-VACV binding antibodies were seen at week 48 than in animals
inoculated with either rMVA-SIV or rVACV-SIV followed by rFPV-SIV. Anti-vector NAb
and comet neutralization were also boosted after the third dose [7]. A fourth dose of rMVA-
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SIV did not lead to increases in anti-orthopoxvirus NAb titres, but peak titres were
maintained for over four months [7]. The differences in the vaccination schedule or dose of
rMVA between the macaque study and HVTN 055 could explain the differences we
observed in the pattern of immune responses following booster inoculation.

Our results from HVTN 055 highlight several important concepts. First, orthopoxvirus-
specific NAbs are induced by rMVA inoculation in a dose-dependent fashion from 1 × 107

to 1 × 109 pfu. While a second dose boosts NAb titres, further doses do not yield higher
titres but do significantly delay the decay in NAb titres over more than one year of follow-
up. Furthermore, orthopoxvirus-specific NAb titres were not different between subjects
administered rMVA-HIV compared with those inoculated with the empty vector, suggesting
that the HIV-1-derived insert does not interfere with induction of anti-vector humoral
immune responses. Finally, anti-vector NAb responses elicited by rMVA-HIV do not
interfere with the development of responses directed against the HIV-1-derived insert in an
orthopoxvirus-naive cohort. In fact, the associations we identified suggest that there may be
a positive, albeit modest, interaction between anti-vector and anti-insert responses. This
possible association may reflect underlying host genetics or adjuvant-like properties of the
viral vector and should be examined in a larger cohort with detailed examination of vector-
induced cellular immune responses.
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Highlights

• Virus-specific neutralizing antibodies are induced by MVA in a dose-dependent
fashion

• A second dose of MVA boosts NAb titres, but further doses do not yield higher
titres

• An HIV-1-derived insert did not interfere with induction of anti-vector
antibodies

• Anti-vector antibodies did not interfere with induction of HIV-1-specific
responses
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Figure 1. Neutralizing antibody (NAb) titres to MVA and VACV are elicited in a dose-dependent
manner among responders
Serum samples were obtained at days 0, 14, 42, 98, 154, 210, 273, and 394 following
immunization. Serial dilutions were tested for neutralizing activity against (A) MVA:Luc or
(B) VACV:Luc. Data are presented as median ID50 titres with interquartile ranges (IQR) for
each dose and immunization group. The limit of detection was a serum ID50 titre of 10 and
arrows indicate days of immunization. A positive response was defined as a titre ≥ 2 times
the day 0 titre and ≥ 1:20.
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Figure 2. The magnitude of anti-vector NAb responses has little impact on the magnitude of
HIV-1 cellular immune responses by rMVA-HIV among vaccinees
The magnitude of HIV-1 specific CD4+ T cell responses among responders detected by
intracellular cytokine staining (ICS) were compared with (A) anti-MVA and (B) anti-VACV
NAb titers for NAb responders at days 42, 98, and 154. The magnitude of HIV-1 specific
CD8+ T cell response among responders detected by ICS (C) were compared with anti-
MVA (left) and anti-VACV (right) NAb titers for NAb responders at day 154.
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Table 1

Neutralizing antibody response rates against MVA and VACV by Intent-to-Treat (ITT) analyses.

Group Day post vaccination Proportion Responding [95% CI]

MVA VACV

1 × 109 FPV(5) 14 1/39 (2.6%) [0.5%–13.2%] 0/39 (0%) [0.0%–9.0%]

42 1/39 (2.6%) [0.5%–13.2%] 0/39 (0%) [0.0%–9.0%]

98 2/38 (5.3%) [1.5%–17.3%] 0/38 (0%) [0.0%–9.2%]

154 1/36 (2.8%) [0.5%–14.2%] 0/36 (0%) [0.0%–9.6%]

210 1/35 (2.9%) [0.5%–14.5%] 1/35 (2.9%) [0.5%–14.5%]

273 1/36 (2.8%) [0.5%–14.2%] 0/36 (0%) [0.0%–9.6%]

394 1/37 (2.7%) [0.5%–13.8%] 0/37 (0%) [0.0%–9.4%]

1 × 107 MVA(2)/FPV(3) 14 1/12 (8.3%) [1.5%–35.4%] 0/12 (0%) [0.0%–24.2%]

42 9/11 (81.8%) [52.3%–94.9%] 2/11 (18.2%) [5.1%–47.7%]

98 7/11 (63.6%) [35.4%–84.8%] 2/11 (18.2%) [5.1%–47.7%]

154 2/11 (18.2%) [5.1%–47.7%] 0/11 (0%) [0.0%–25.9%]

210 1/11 (9.1%) [1.6%–37.7%] 0/11 (0%) [0.0%–25.9%]

273 2/11 (18.2%) [5.1%–47.7%] 0/11 (0%) [0.0%–25.9%]

394 0/10 (0%) [0.0%–27.8%] 0/10 (0%) [0.0%–27.8%]

1 × 108 MVA(2)/FPV(3) 14 6/12 (50.0%) [25.4%–74.6%] 3/12 (25.0%) [8.9%–53.2%]

42 11/12 (91.7%) [64.6%–98.5%] 8/12 (66.7%) [39.1%–86.2%]

98 9/11 (81.8%) [52.3%–94.9%] 5/11 (45.5%) [21.3%–72.0%]

154 6/11 (54.5%) [28.0%–78.7%] 2/11 (18.2%) [5.1%–47.7%]

210 3/11 (27.3%) [9.7%–56.6%] 1/11 (9.1%) [1.6%–37.7%]

273 3/11 (27.3%) [9.7%–56.6%] 1/11 (9.1%) [1.6%–37.7%]

394 2/11 (18.2%) [5.1%–47.7%] 1/11 (9.1%) [1.6%–37.7%]

1 × 109 MVA(2)/FPV(3) 14 40/41 (97.6%) [87.4%–99.6%] 23/41 (56.1%) [41.0%–70.1%]

42 41/41 (100%) [91.4%–100.0%] 41/41 (100%) [91.4%–100.0%]

98 38/38 (100%) [90.8%–100.0%] 32/38 (84.2%) [69.6%–92.6%]

154 36/36 (100%) [90.4%–100.0%] 24/36 (66.7%) [50.3%–79.8%]

210 33/36 (91.7%) [78.2%–97.1%] 18/36 (50.0%) [34.5%–65.5%]

273 32/36 (88.9%) [74.7%–95.6%] 17/36 (47.2%) [32.0%–63.0%]

394 30/37 (81.1%) [65.8%–90.5%] 11/37 (29.7%) [17.5%–45.8%]

1 × 109 MVA(5) 14 40/41 (97.6%) [87.4%–99.6%] 19/41 (46.3%) [32.1%–61.3%]

42 41/41 (100%) [91.4%–100.0%] 41/41 (100%) [91.4%–100.0%]

98 40/40 (100%) [91.2%–100.0%] 39/40 (97.5%) [87.1%–99.6%]

154 37/37 (100%) [90.6%–100.0%] 35/37 (94.6%) [82.3%–98.5%]

210 36/36 (100%) [90.4%–100.0%] 34/36 (94.4%) [81.9%–98.5%]

273 34/34 (100%) [89.8%–100.0%] 28/34 (82.4%) [66.5%–91.7%]

394 35/36 (97.2%) [85.8%–99.5%] 23/36 (63.9%) [47.6%–77.5%]
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