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Abstract

Background

Though clinically similar, Ebola virus disease and Marburg virus disease are caused by dif-
ferent viruses. Of the 30 documented outbreaks of these diseases in sub-Saharan Africa,
eight were major outbreaks (>200 cases; five caused by Zaire ebolavirus [EBOV], two by
Sudan ebolavirus [SUDV], and one by Marburg virus [MARV]). Our purpose is to develop a
multivalent vaccine regimen protecting against each of these filoviruses. This first-in-human
study assessed the safety and immunogenicity of several multivalent two-dose vaccine regi-
mens that contain Ad26.Filo and MVA-BN-Filo.

Methods

Ad26.Filo combines three vaccines encoding the glycoprotein (GP) of EBOV, SUDV, and
MARYV. MVA-BN-Filo is a multivalent vector encoding EBOV, SUDV, and MARV GPs, and
Tai Forest nucleoprotein. This Phase 1, randomized, double-blind, placebo-controlled study
enrolled healthy adults (18-50 years) into four groups, randomized 5:1 (active:placebo), to
assess different Ad26.Filo and MVA-BN-Filo vaccine directionality and administration
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intervals. The primary endpoint was safety; immune responses against EBOV, SUDV, and
MARYV GPs were also assessed.

Results

Seventy-two participants were randomized, and 60 (83.3%) completed the study. All regi-
mens were well tolerated with no deaths or vaccine-related serious adverse events (AES).
The most frequently reported solicited local AE was injection site pain/tenderness. Solicited
systemic AEs most frequently reported were headache, fatigue, chills, and myalgia; most
solicited AEs were Grade 1-2. Solicited/unsolicited AE profiles were similar between regi-
mens. Twenty-one days post-dose 2, 100% of participants on active regimen responded to
vaccination and exhibited binding antibodies against EBOV, SUDV, and MARV GPs; neu-
tralizing antibody responses were robust against EBOV (85.7—100%), but lower against
SUDV (35.7-100%) and MARV (0-57.1%) GPs. An Ad26.Filo booster induced a rapid fur-
ther increase in humoral responses.

Conclusion

This study demonstrates that heterologous two-dose vaccine regimens with Ad26.Filo and
MVA-BN-Filo are well tolerated and immunogenic in healthy adults.

ClinicalTrials.gov
NCT02860650.

Introduction

Ebola virus disease (EVD) and Marburg virus disease (MVD) are caused by filoviruses that
regularly and unpredictably cause deadly outbreaks in sub-Saharan Africa; EVD is often
caused by Zaire ebolavirus (EBOV) or Sudan ebolavirus (SUDV), while MVD is caused by
Marburg virus (MARV). Both diseases can cause severe illness in humans, with high case fatal-
ity rates of approximately 50.0% [1, 2].

Though caused by different viruses, EVD and MVD are clinically similar. There have been
over 30 outbreaks of EVD and MVD since they were first identified in 1976 and 1967, respec-
tively [1, 3, 4]. Of these, eight were major outbreaks (>200 cases): five were caused by EBOV,
two were caused by SUDV [1], and one was caused by MARV [2]. The 2014-2016 EVD out-
break in West Africa was caused by EBOV and was by far the largest outbreak to date, with
over 28,000 cases and 11,000 deaths reported [5, 6]. More outbreaks of EBOV have occurred
since then, including the 2018-2020 outbreak in the Democratic Republic of Congo, with over
3,400 cases and 2,200 deaths, which further highlights the devastating impact of EVD [7].

Two vaccines are licensed that provide protection against EVD caused by EBOV: recombi-
nant vesicular stomatitis virus—Zaire Ebola virus (rVSV-ZEBOV-GP [Ervebo™]) [8, 9] and the
heterologous two-dose Ad26.ZEBOV (Zabdeno), MVA-BN-Filo (MVA; Mvabea) vaccine regi-
men [10-12]. At present, there are no specific treatments or vaccines that have been licensed
against MVD or against EVD caused by SUDV. The World Health Organization has empha-
sized the need for accelerated research to develop treatments and vaccines for SUDV and
MARY due to a lack of medical countermeasures and the threat of future outbreaks [13, 14].
Heterologous two-dose Ad26.Filo and MV A regimens have previously been shown to provide
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protection from lethal infections with Ebolavirus caused by EBOV and SUDV and from
MARY species in non-human primates; therefore, these are promising candidates for a
broadly protective prophylactic filovirus vaccine [15]. While the heterologous two-dose Ad26.
ZEBOV, MVA vaccine regimen is approved for use in a 56-day (56d) interval regimen, previ-
ous studies have found that the reverse vaccination order of MVA, Ad26.ZEBOV also elicits
robust antibody and T cell responses [16, 17]. Furthermore, the reverse vaccination order with
shorter intervals between doses may result in higher cellular responses compared to the Ad26.
ZEBOV, MVA 56d interval regimen [16]. These results supported investigation of a 56d and a
14-day (14d) interval regimen, as well as the directionality of Ad26.Filo and MVA vaccine
administration.

The objectives of this first-in-human (FIH) study were to evaluate the safety, tolerability,
reactogenicity, and immunogenicity of several multivalent filovirus vaccine regimens, aimed
to protect against EVD caused by EBOV or SUDV and against MVD caused by MARV.

Methods
Study design

This Phase 1, randomized, double-blind, placebo-controlled study (ClinicalTrials.gov:
NCT02860650) was conducted at a single site in the United States, according to the Declara-
tion of Helsinki and Good Clinical Practice guidelines. The study protocol and amendments
were reviewed and approved by the Chesapeake IRB institutional review board. All partici-
pants provided written informed consent before screening. Following screening, participants
were enrolled into four groups of 18 adults and then randomized 5:1 (active:placebo [0.9%
saline]) within the group (Fig 1 in S1 File). This was based on a computer-generated randomi-
zation schedule prepared before the study by, or under supervision of, the sponsor and was
balanced by using randomly permuted blocks. Participants, clinical staff, and site personnel
remained blinded to the allocation of investigational products throughout the study, except
the unblinded pharmacist. All vaccines and placebo were administered by intramuscular injec-
tion into the deltoid.

Ad26.Filo was administered at a dose of 9x10'° viral particles (vp), MVA at 5x10° infectious
units (Inf U; except for in the control group, Group 4, where MVA was administered at 1x10°
Inf U), and Ad26.ZEBOV at 5x10'° vp. Participants assigned to active regimens in Group 1
received Ad26.Filo followed by MV A 56 days later. Groups 2 and 3 received MV A followed by
Ad26.Filo 56 days or 14 days later, respectively. A subset of seven participants in Group 3 also
received a booster vaccination on Day 92 (n = 5, Ad26.Filo; n = 2, placebo) to assess reactiva-
tion of the immune responses (MVA, Ad26.Filo 14d plus Ad26.Filo booster). Group 4 served
as a tolerability and immunogenicity study control group; participants received Ad26.ZEBOV
followed by MV A 56 days later.

Participants

Participants were eligible for study enrollment if they met the following key criteria: healthy
adults aged 18-50 years old; no prior vaccination with a filovirus vaccine candidate; no known
previous exposure to MARV, EBOV, SUDV, or Tai Forest Ebolavirus (TAFV). Full inclusion
and exclusion criteria are provided in S1 Protocol.

Vaccines

Ad26.Filo is a mixture of three Ad26-based recombinant, replication-incompetent vaccines in
a 1:1:1 ratio, i.e.,, Ad26.ZEBOV (Zabdeno, Janssen-Cilag International N.V.), Ad26.SUDV, and
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Ad26.MARYV encoding the glycoproteins (GPs) of EBOV Mayinga, SUDV Gulu, and MARV
Angola, respectively. MVA-BN-Filo (MVA; Mvabea, Bavarian Nordic) is a recombinant, mod-
ified vaccinia Ankara-based, non-replicating vaccine, encoding the GPs of EBOV Mayinga,
SUDV Gulu, MARV Musoke, and the nucleoprotein (NP) of TAFV.

Endpoints and assessments

The primary study objective was to assess the safety and reactogenicity of the two-dose heterol-
ogous vaccine regimen. Participants were monitored for adverse events (AEs) for one hour
immediately after vaccination; solicited local and systemic AEs were recorded in diary cards
on the day of each study injection and for seven subsequent days. Unsolicited AEs were
reported up to 28 days post-dose 2 (all groups), and up to 28 days after the booster dose
(Group 3 booster subset only). Other safety observations included analysis of clinical labora-
tory tests, vital signs measurements, physical examinations, and electrocardiogram assessment.
Serious AEs (SAEs) were reported throughout the study. AEs were graded according to the
Food and Drug Administration (FDA) toxicity grading scale [18].

The secondary study objective was the assessment of EBOV, SUDV, and MARV GP-spe-
cific immunoglobulin G (IgG) binding antibody responses. Total IgG responses against EBOV
Kikwit GP were assessed with an EBOV GP filovirus animal non-clinical group (FANG)
enzyme-linked immunosorbent assay (ELISA) at Battelle Biomedical Research Center (sum-
marized as geometric mean concentration [GMC]; units: ELISA units/mL [EU/mL]), as previ-
ously described [15, 17, 19-21]. An adaptation of this assay was used to assess IgG binding
responses to the MARV Ci67 GP and SUDV Gulu GP. A FANG ELISA result was considered
positive if the value was above the assay-specific lower limit of quantification (LLOQ), which
was 66.96 EU/mL for EBOV, 14.86 EU/mL for SUDV, and 19.19 EU/mL for MARYV. Values
<LLOQ were imputed with LLOQ/2. For the calculation of fold increases, values <LLOQ
were imputed with LLOQ. Immune responses to the study vaccine regimens were evaluated
using serum samples collected immediately before each vaccination, at seven days and at 21
days after the second vaccination, and at 180, 240, and 360 days after the first vaccination. In
the subset of participants receiving a booster vaccination, immune responses were also mea-
sured seven and 21 days post-booster. Immune responses to TAFV NP were not analyzed as
the assays were not available at the time of the study.

The pre-defined exploratory objectives were the assessment of EBOV, SUDV, and MARV
GP-specific neutralizing antibody responses and cellular immune responses. Serum samples
were analyzed using EBOV Zaire-Makona GP, SUDV Gulu GP, and MARV Angola GP pseu-
dovirion neutralization assays (psVNA; summarized as geometric mean titer [GMT]; unit:
50% inhibitory concentration [ICs5,] titer) at Monogram Biosciences, San Francisco, CA, as
previously described [19, 20]. A psVNA result (ICs titer) was considered positive if the spe-
cific ICs, titer was more than three times amphotropic murine leukemia virus (aMLV) titer
(specificity control) and above the assay-specific LLOQ (120 for EBOV, 40 for SUDV and
MARYV), meaning that values that were less than or equal to three times aMLV or below the
assay-specific LLOQ were considered negative and imputed with LLOQ/2. For the calculation
of fold increases, values below the LLOQ were imputed with LLOQ. For both the ELISA and
the psVNA, a participant was considered a responder if the sample was negative at baseline
and positive post-baseline, or if the sample was positive at baseline and there was a greater
than 3-fold increase from baseline.

Frozen peripheral blood mononuclear cells were analyzed by intracellular cytokine staining
(ICS) at Fred Hutchinson Cancer Research Center, Seattle, Washington, United States of
America (unit: total cytokine responses [% of subset]) [22]. T cell responses are expressed as

PLOS ONE | https://doi.org/10.1371/journal.pone.0274906 October 5, 2022 4/18


https://doi.org/10.1371/journal.pone.0274906

PLOS ONE

Safety and immunogenicity of two-dose vaccine regimens of Ad26.Filo and MVA-BN-Filo

the median percentage of responding T cells, with responder rates. Methodology for the ICS
assay are included in the Methods and Table 1 in S1 File.

Statistical analyses

Sample size determination was not based on formal hypothesis testing considerations but did
comply with the recommended sample size (range, 20 to 80) by the Code of Federal Regula-
tions 312.21 for FIH products (Ad26.Filo in this study) [23]. The full analysis set was defined
as all participants who were randomized and received at least one dose of study vaccine,
regardless of the occurrence of protocol deviations. Summaries and analysis of AEs, and of
other safety data, were based on the full analysis set. The immunogenicity analysis set was
defined as all participants who were randomized, were vaccinated, and had data from baseline
and at least one post-vaccination immunogenicity blood draw. Analysis of immune responses
was performed on the immunogenicity analysis set. Safety summaries were compiled and
safety and immune response data were analyzed using SAS version 9.2. No formal statistical
testing of safety data or immune response data was planned or performed.

Results
Participant characteristics/demographics

The first participant was enrolled on 14 September 2016 and the date of last participant last
visit was 08 January 2018. Of the 125 participants screened, 72 participants were randomized
(5:1, active:placebo) and received at least one dose of study vaccine. In total, 60/72 participants
(83.3%) completed the study (Fig 1). Participant demographics were similar between treat-
ment groups (Table 1). The majority of participants were White (36/72, 50.0%) or Black or
African American (26/72, 36.1%), were female (40/72; 55.6%), and the median age was 28.5
years.

Safety

Solicited local and systemic AEs were mostly Grade 1 or 2 (Table 2), were transient in nature,
and were generally reported more frequently in participants who received an active vaccine
than in those who received placebo. There were no Grade 4 AEs, no deaths, and no AEs lead-
ing to permanent discontinuation of study vaccination.

The most frequently reported solicited local AE was injection site pain/tenderness
(Table 2), which was reported more frequently following active vaccines than following pla-
cebo (post-Ad26.Filo [38/48, 79.2%]; post-MVA 5x10° Inf U [40/45, 88.9%]; post-MVA 1x10°
Inf U [4/11, 36.4%]; post-Ad26.ZEBOV [13/15, 86.7%]; and post-placebo [4/23, 17.4%]). In
total, four participants experienced Grade 3 solicited local AEs: two of 48 (4.2%) participants
who received Ad26.Filo (injection site pain/tenderness, n = 2; erythema/redness, n = 1) and
two of 15 (13.3%) participants who received Ad26.ZEBOV (injection site pain/tenderness,

n = 2; swelling/induration and warmth, n = 1).

The most frequent solicited systemic AEs were headache, fatigue, chills, and myalgia
(Table 2). In total, 16 participants (11.3%) experienced Grade 3 solicited systemic AEs; the
majority of these (11/16) were reported following vaccination with Ad26.Filo. The most fre-
quent Grade 3 solicited systemic AEs were headache and chills after vaccination with Ad26.
Filo (6/48, 12.5% for both), and headache after Ad26.ZEBOV dosing (3/15, 20.0%).

The most frequent unsolicited AE across all doses was a decrease in hemoglobin (Table 3).
The majority of unsolicited AEs were Grade 1 or 2 in severity and considered unrelated to a
study vaccine by the investigator. Two Grade 3 unsolicited AEs were reported, both of which
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Screened
| N =125 |
|
Randomized
| |

I
Received at least one dose of study vaccine

[
GROUP 1

I
GROUP 2

I
GROUP 3

1
GROUP 4

Ad26.F, MVA 56-d MVA, Ad26.F 56-d MVA, Ad26.F (Ad26°) 14-d Ad26.Z, MVA* 56-d
N =15 N=15 N=15(N=5) N=15
Placebo Placebo Placebo Placebo
N =3 N=3 N =3 (N=2) N=3

Discontinued the study
Active vaccines: N = 0

Placebo: N = 1¢

Discontinued the study
Active vaccines: N = 2¢

Placebo: N =0

Discontinued the study
Active vaccines: N = 2'

Placebo: N = 19

Discontinued the study
Active vaccines: N = 5"

Placebo: N = 1!

Completed the study
Active vaccines: N = 15
Placebo: N =2

Completed the study
Active vaccines: N = 13
Placebo: N =3

Completed the study
Active vaccines: N = 13
Placebo: N =2

Completed the study
Active vaccines: N = 10
Placebo: N =2

Analysed

Safety analysis
Active vaccines: N = 15
Placebo: N =3

Immunogenicity analysis
Active vaccines: N = 15
Placebo: N =2

Analysed

Safety analysis
Active vaccines: N = 15
Placebo: N =3
Immunogenicity analysis
Active vaccines: N = 15
Placebo: N =3

Analysed

Safety analysis
Active vaccines: N = 15
Placebo: N =3

Immunogenicity analysis
Active vaccines: N = 14
Placebo: N =2

Analysed

Safety analysis
Active vaccines: N = 15
Placebo: N =3

Immunogenicity analysis
Active vaccines: N = 12
Placebo: N =2

Fig 1. Participant disposition®. Ad26.F = Ad26.Filo; Ad26.Z = Ad26.ZEBOV; Inf U = infectious units; MVA = MVA-BN-Filo; N = number of
participants. *A total of four participants had a major protocol deviation. In Group 1, one participant received disallowed concomitant therapy
(bleomycin and cisplatin) during the post-dose 2 follow-up period. In Group 2, one participant did not have a Day 8 visit. In Group 4, one participant
did not have a Day 8 visit, and another participant received a disallowed concomitant therapy (prednisone) and, as a result, discontinued the study prior
to receiving the second vaccination. Participants were considered lost to follow-up after multiple unsuccessful contact attempts. bOnly a subset of
Group 3 participants received a booster vaccination. “MVA-BN-Filo at a dose of 1x10° Inf U. ®Participant was unable to attend visits due to a family
emergency. This participant had only received dose 1 vaccination. “Participants were lost to follow-up. One of two participants had only received dose 1
vaccination. ‘One participant was lost to follow-up and one participant suddenly relocated. One of two participants had only received dose 1
vaccination. #Withdrawal by the participant (no longer interested in participating). This participant had only received dose 1 vaccination. "Withdrawal
by the participant (one participant was out of town and no longer interested in participating, one participant did not want to receive the second
vaccination, one participant relocated, and one participant moved out of state) and one participant was lost to follow-up. One additional participant
was unable to receive the second vaccination due to taking disallowed medication (prednisone) to treat an adverse event of left hip pain; this participant
did not discontinue study participation. Three of five participants had only received dose 1 vaccination. ‘Participant was lost to follow-up. This
participant had only received dose 1 vaccination.

https://doi.org/10.1371/journal.pone.0274906.9001

were laboratory abnormalities. Grade 3 decreased hemoglobin from baseline was observed in
one participant (1/45, 2.2%) seven days post-dose 2 vaccination with MVA 5x10° Inf U. The
abnormality was judged to be clinically insignificant and reported as a Grade 3 unsolicited AE
unrelated to the study vaccine. A repeat test was done on Day 240 and assessed as Grade 1.
Grade 3 decreased segmented neutrophils were observed in one participant (1/48, 2.1%) seven
days post-dose 2 vaccination with Ad26.Filo. The abnormality was judged to be clinically insig-
nificant and reported as a Grade 3 unsolicited AE unrelated to the study vaccine. A repeat test
was done on the Day 78 visit; the AE was assessed as Grade 2. A total of two SAEs (germ cell
neoplasm and appendicitis) were reported in the study; these occurred more than 28 days
post-vaccination and were not considered related to the study vaccine by the investigator.

No notable trend in clinical laboratory abnormalities was observed. Most participants
(76.1%) meeting the FDA toxicity grading criteria for decreased hemoglobin from baseline
had hemoglobin values within the laboratory normal ranges. Any decrease in hemoglobin
level from baseline was considered to be a graded laboratory abnormality. The most frequently
reported graded laboratory abnormalities were a decreased hemoglobin level from baseline
(59.1-73.3% across all participants, including placebo) and protein in urine (9.1-30.4% across
all participants, including placebo; Table 2 in S1 File). Most cases of protein in urine were
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Table 1. Participant demographics and characteristics; full analysis set.

All 56-day interval 14-day interval
participants Group 1 Group 2 Group 4 Pooled placebo (Groups 1, 2, Group 3
and 4)
Ad26.F, MVA, Ad26. Ad26.Z, Placebo, Placebo MVA, Ad2e6. Placebo,
MVA F MVA? F Placebo
N 72 15 15 15 9 15 3
Male, n (%) 32 (44.4) 5(33.3) 8(53.3) 5(33.3) 5 (55.6) 7 (46.7) 2 (66.7)
Median age, years 28.5 29.0 27.0 28.0 28.0 28.0 35.0
Range 19;50 20;50 19;50 19;43 25;39 21;47 35;48
Median BMI, kg/m2 25.4 25.8 23.3 25.1 26.0 25.80 24.80
Race, n (%)
White 36 (50.0) 7 (46.7) 5(33.3) 8 (53.3) 5 (55.6) 8 (53.3) 3 (100)
Black or African American 26 (36.1) 5(33.3) 6 (40.0) 6 (40.0) 4 (44.4) 5(33.3) 0
Asian 6 (8.3) 2(13.3) 3(20.0) 0 0 1(6.7) 0
Native Hawaiian or other Pacific 1(1.4) 1(6.7) 0 0 0 0 0
Islander
Other 1(1.4) 0 1(6.7) 0 0 0
Multiple 2(2.8) 0 0 1(6.7) 0 1(6.7)

Ad26.F = Ad26.Filo; Ad26.Z = Ad26.ZEBOV; BMI = body mass index; Inf U = infectious units; MVA = MVA-BN-Filo.

2 MVA-BN-Filo at a dose of 1x10® Inf U.

https://doi.org/10.1371/journal.pone.0274906.t001

Grade 1 (i.e., trace protein). The majority of abnormal vital signs measurements were Grade 1
or 2 in severity. Grade 3 hypertension (systolic) was reported in two participants following vac-
cination with Ad26.Filo (n = 1 on Day 1 [Group 1 ~Ad26.Filo, MVA 56d]; n = 1 on Day 15
[Group 3 -MVA, Ad26.Filo 14d]), but neither abnormality was deemed to be clinically signifi-
cant or reported as an AE.

Immunogenicity

Binding antibody responses. EBOV, SUDV, and MARV GP-specific binding antibody
concentrations are summarized in Tables 3-8 in S1 File, respectively, and depicted in Fig 2. In
placebo recipients, binding antibody responses were not observed (<LLOQ) at any time point.

Binding antibody responses—EBOV GP. At 21 days post-dose 2, 100.0% of participants
in the filovirus regimen groups (42/42) and in the control group (Ad26.ZEBOV, MVA 56d;
11/11) exhibited binding antibody responses against EBOV. The highest GMC at 21 days post-
dose 2 was observed after MV A, Ad26.Filo 56d (13,867 EU/mL) and was comparable to the
response observed in the control group (11,295 EU/mL). At Day 360, the magnitude of the
binding antibody responses had decreased, yet responses persisted in 100.0% of participants in
filovirus regimen groups (35/35) and in the control group (9/9), with similar GMCs across the
groups (filovirus regimen groups: 1,229-1,914 EU/mL; control group: 2,025 EU/mL).

For the MV A, Ad26.Filo 14d plus Ad26.Filo booster regimen, 100.0% (5/5) of participants
exhibited a strong increase in binding antibody responses seven days post-booster vaccination,
with a ~5.5-fold increase in GMC (Day 92 pre-booster GMC: 2,425 EU/mL; Day 99 GMC:
13,445 EU/mL). At Day 360, binding antibody responses were observed in 100.0% (4/4; GMC:
1,592 EU/mL) of participants, similar to that of participants who did not receive a booster
vaccination.

Binding antibody responses—SUDV GP. At 21 days post-dose 2, 100.0% of participants
in filovirus regimen groups (42/42) and in the control group (Ad26.ZEBOV, MVA 56d; 11/11)
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Table 2. Solicited local and systemic AEs by worst severity grade by dose; full analysis set.

Grade Ad26.F MVA MVA® Ad26.Z Placebo
N - 48 45 11 15 23
Local AEs
Any event, n (%) Any 38(79.2) 40 (88.9) 5 (45.5) 13 (86.7) 4(17.4)
Grade 3 2(4.2) 0 0 2(13.3) 0
Erythema/ Redness Any 5(10.4) 0 0 0 0
Grade 3 1(2.1) 0 0 0 0
Itching Any 8(16.7) 4(8.9) 1(9.1) 1(6.7) 0
Grade 3 0 0 0 0 0
Pain/Tenderness Any 38 (79.2) 40 (88.9) 4(36.4) 13 (86.7) 4(17.4)
Grade 3 2(4.2) 0 0 2(13.3) 0
Swelling/ Induration Any 11 (22.9) 12 (26.7) 0 3(20) 1(4.3)
Grade 3 0 0 0 1(6.7) 0
Warmth Any 14 (29.2) 10 (22.2) 1(9.1) 4(26.7) 1(4.3)
Grade 3 0 0 0 1(6.7) 0
Systemic AEs
Any event, n (%) Any 43 (89.6) 28 (62.2) 4 (36.4) 12 (80) 13 (56.5)
Grade 3 11 (22.9) 0 1(9.1) 3(20) 1(4.3)
Arthralgia Any 22 (45.8) 2 (4.4) 1(9.1) 4(26.7) 1(4.3)
Grade 3 2(4.2) 0 0 1(6.7) 0
Chills Any 31 (64.6) 4(8.9) 0 7 (46.7) 0
Grade 3 6(12.5) 0 0 2(13.3) 0
Fatigue Any 36 (75) 20 (44.4) 3(27.3) 9 (60) 6(26.1)
Grade 3 3(6.3) 0 1(9.1) 2(13.3) 0
General itching Any 5(10.4) 3(6.7) 1(9.1) 1(6.7) 1(4.3)
Grade 3 0 0 0 0 0
Headache Any 38 (79.2) 14 (31.1) 1(9.1) 9 (60) 7 (30.4)
Grade 3 6(12.5) 0 0 3(20) 0
Myalgia Any 28 (58.3) 6(13.3) 2(18.2) 6 (40) 1(4.3)
Grade 3 5(10.4) 0 0 2(13.3) 0
Nausea Any 20 (41.7) 4(8.9) 0 1(6.7) 4(17.4)
Grade 3 1(2.1) 0 0 1(6.7) 1(4.3)
Pyrexia Any 10 (20.8) 1(2.2) 0 2(13.3) 0
Grade 3 1(2.1) 0 0 0 0
Rash Any 0 1(2.2) 1(9.1) 0 0
Grade 3 0 0 0 0 0
Vomiting Any 5(10.4) 1(2.2) 0 0 2(8.7)
Grade 3 1(2.1) 0 0 0 0

Ad26.F = Ad26.Filo; Ad26.Z = Ad26.ZEBOV; AEs = adverse events; Inf U = infectious units; MVA = MVA-BN-Filo; n (%) = number (percentage) of doses with one or

more events.

2 MVA-BN-Filo at a dose of 1x10® Inf U.

https://doi.org/10.1371/journal.pone.0274906.t002

exhibited binding antibody responses against SUDV. The highest 21 days post-dose 2 GMC of
7,273 EU/mL was observed after MV A, Ad26.Filo 56d, while the GMC in the control group

was 259 EU/mL. At Day 360, similar to the EBOV GP-specific responses, the magnitude of the
binding antibody responses to SUDV GP had decreased, yet responses persisted in 92.9-
100.0% of participants in filovirus regimen groups, with similar GMCs across the groups (231-
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Table 3. Unsolicited AEs most frequently reported, by system organ class and dictionary-derived term (reported by >10% participants in any regimen) by dose; full

analysis set.

Grade Ad26.F MVA MVA*® Ad26.Z Placebo
N 48 45 11 15 23
Any unsolicited AE, n (%) Any 34 (70.8) 26 (57.8) 5 (45.5) 9 (60) 13 (56.5)
Grade 3 1(2.1) 1(2.2) 0 0 0
MedDRA System Organ Class
Investigations Any 16 (33.3) 17 (37.8) 1(9.1) 2(13.3) 8 (34.8)
Grade 3 1(2.1) 1(2.2) 0 0 0
Hemoglobin decreased Any 9 (18.8) 13 (28.9) 1(9.1) 1(6.7) 3(13)
Grade 3 0 1(2.2) 0 0 0
Red blood cells urine Any 3(6.3) 5(11.1) 0 0 4(17.4)
Grade 3 0 0 0 0 0
Renal and urinary disorders Any 5(10.4) 7 (15.6) 1(9.1) 1(6.7) 4(17.4)
Grade 3 0 0 0 0 0
Proteinuria Any 5(10.4) 7 (15.6) 1(9.1) 1(6.7) 4(17.4)
Grade 3 0 0 0 0 0
Infections and infestations Any 7 (14.6) 5(11.1) 0 2(13.3) 2(8.7)
Grade 3 0 0 0 0 0
Upper respiratory tract infection Any 5(10.4) 3(6.7) 0 1(6.7) 1(4.3)
Grade 3 0 0 0 0 0
Skin and subcutaneous tissue disorders Any 6 (12.5) 2 (4.4) 2(18.2) 1(6.7) 1(4.3)
Grade 3 0 0 0 0 0
Respiratory, thoracic, and mediastinal disorders Any 2(4.2) 4(8.9) 2(18.2) 1(6.7) 0
Grade 3 0 0 0 0 0
Gastrointestinal disorders Any 6 (12.5) 0 0 0 2(8.7)
Grade 3 0 0 0 0 0
General disorders and administration site conditions Any 5(10.4) 1(2.2) 0 0 0
Grade 3 0 0 0 0 0
Injury, poisoning and procedural complications Any 1(2.1) 1(2.2) 0 2(13.3) 0
Grade 3 0 0 0 0 0

Ad26.F = Ad26.Filo; Ad26.Z = Ad26.ZEBOV; AEs = adverse events; Inf U = infectious units; MVA = MV A-BN-Filo; n (%) = number (percentage) of doses with one or

more events; N = number of doses.
2 MVA-BN-Filo at a dose of 1x10® Inf U.

https://doi.org/10.1371/journal.pone.0274906.t003

324 EU/mL). Responses in the control group at Day 360 persisted in 77.8% of participants (7/
9, GMC: 43 EU/mL).

For the MV A, Ad26.Filo 14d plus Ad26.Filo booster regimen, 100.0% (5/5) of participants
exhibited a strong increase in binding antibody responses against SUDV GP within seven days
after booster vaccination, with a ~5.2-fold increase in GMC (Day 92: 524 EU/mL; Day 99:
2,748 EU/mL). At Day 360, responses against SUDV GP were seen in 100.0% (4/4) of partici-
pants with a GMC of 343 EU/mL, similar to that observed in participants who did not receive
a booster vaccination.

Binding antibody responses—MARYV GP. At 21 days post-dose 2, 100.0% of participants
(42/42) in filovirus regimen groups exhibited binding antibody responses against MARV. The
highest GMC at 21 days post-dose 2 was observed after Ad26.Filo, MVA 56d (1,240 EU/mL).
In the control group (Ad26.ZEBOV, MV A 56d) at this time point, responses were observed in
18.2% of participants (2/11; GMC: <LLOQ). At Day 360, similar to the EBOV and SUDV GP-
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Fig 2. GP-specific binding antibody responses (ELISA units/mL): Regimen profiles (geometric means with 95% Cls);
immunogenicity analysis set. Ad26.F = Ad26.Filo; Ad26.Z = Ad26.ZEBOV; CIs = confidence intervals; EBOV = Zaire ebolavirus;
ELISA = enzyme-linked immunosorbent assay; GP = glycoprotein; Inf U = infectious units; LLOQ = lower limit of quantification;
MARYV = Marburg virus; MVA = MVA-BN-Filo; SUDV = Sudan ebolavirus. *Includes all Group 3 participants up to and including
the Day 50 time point, after which point only Group 3 participants who did not receive a third dose of vaccine/placebo on Day 92 are
included. "MV A-BN-Filo at a dose 1x10® Inf U. “All time points include only Group 3 participants who received three doses of

vaccine/placebo.

https://doi.org/10.1371/journal.pone.0274906.9002

specific responses, the magnitude of the binding antibody responses to MARV GP had
decreased, yet responses persisted in 78.6-92.3% of participants in filovirus regimen groups,
with similar GMCs across the groups (53-81 EU/mL). Responses did not persist at Day 360 in

the control group.

For the MV A, Ad26.Filo 14d plus Ad26.Filo booster regimen, 100.0% (5/5) of participants

exhibited a strong increase in binding antibody responses seven days post-booster vaccination,
with a ~3.3-fold increase in GMC (Day 92: 155 EU/mL; Day 99: 510). At day 360, binding anti-
body responses were observed in 100.0% (4/4) of participants with a GMC of 133 EU/mL, sim-
ilar to participants who did not receive a booster vaccination.

Neutralizing antibody responses. EBOV, SUDV, and MARV GP-specific neutralizing
antibody concentrations are summarized in Tables 9-14 in S1 File, respectively, and depicted
in Fig 3. In placebo recipients, neutralizing antibody responses were not observed (<LLOQ) at
any time point.
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time points include only Group 3 participants who received three doses of vaccine/placebo.

https://doi.org/10.1371/journal.pone.0274906.9003

Neutralizing antibody responses—EBOV GP. At 21 days post-dose 2, 100.0% of partici-
pants in both the 56d interval filovirus regimen groups (28/28) and the control group (Ad26.
ZEBOV, MVA 56d; 11/11), as well as 85.7% of participants (12/14) in the MV A, Ad26.Filo 14d
group, exhibited responses against EBOV GP. The highest GMT at 21 days post-dose 2 was
observed after MVA, Ad26.Filo 56d (6,343 ICs, titer) and was comparable to the response
observed in the control group (6,192 ICsj, titer). At Day 360, the magnitude of the neutralizing
antibody responses had decreased in the 56d interval filovirus regimen groups compared to
the 21 days post-dose 2 time point, yet responses persisted in the majority of participants:
64.3% in the Ad26.Filo, MV A 56d group (9/14, 175 ICs, titer) and 92.3% in the MV A, Ad26.
Filo 56d group (12/13, 449 ICs, titer). In the MV A, Ad26.Filo 14d group, responses at Day 360
persisted in 100.0% of participants (8/8, GMT: 734 ICs, titer) at a magnitude similar to that
observed at 21 days post-dose 2. Responses persisted at Day 360 in 88.9% of participants (8/9,
GMT: 656 ICsy titer) in the control group.
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For the MV A, Ad26.Filo 14d plus Ad26.Filo booster regimen, a strong increase in neutraliz-
ing antibody responses against EBOV GP was observed in 100.0% of participants (5/5) seven
days post-booster vaccination, with a ~10.7-fold increase in GMT (Day 92: 520 ICs,, titer; Day
99: 5,589 ICsy, titer). Responses against EBOV persisted in 100.0% of participants (5/5, GMT:
453 ICs titer) at Day 360.

Neutralizing antibody responses—SUDYV GP. At 21 days post-dose 2, responses were
induced in 92.9-100% of participants in the 56d interval filovirus regimen groups (Ad26.Filo,
MVA 56d: 13/14, GMT: 526 ICs, titer; MV A, Ad26.Filo 56d: 14/14, GMT: 1,483 ICs, titer) and
35.7% of participants in the MV A, Ad26.Filo 14d group (5/14, GMT: 45 ICs, titer). At Day
360, the magnitude of the neutralizing antibody responses against SUDV GP had decreased in
the 56d interval groups and increased in the 14d interval group compared to the 21 days post-
dose 2 time point. Day 360 responder rates were 35.7% (5/14: 46 I1Cs titer) in the Ad26.Filo,
MVA 56d group and 76.9% (10/13: 147 ICs, titer) in the MV A, Ad26.Filo 56d group, versus
62.5% (5/8, GMT: 95 ICs, titer) in the MV A, Ad26.Filo 14d group. SUDV GP-specific neutral-
izing antibody responses were not assessed at any time point in the control group (Ad26.
ZEBOV, MVA 56d).

For the MV A, Ad26.Filo 14d plus Ad26.Filo booster regimen, a strong increase in neutraliz-
ing antibody responses against SUDV GP was observed in 80.0% of participants (4/5) seven
days post-booster, with a ~9.5-fold increase in GMT (Day 92: 63 ICs, titer; Day 99: 601 ICs
titer). On Day 360, responses against SUDV GP persisted in 80.0% of participants (4/5, GMT:
178 I1Cs titer).

Neutralizing antibody responses—MARYV GP. MARYV GP-specific neutralizing antibody
responses were only observed 21-days post-dose 2. These responses were induced in 57.1% (8/
14, GMT: 72 ICsy, titer) of participants following Ad26.Filo, MVA 56d and in 7.1% of partici-
pants (1/14, GMT: <LLOQ) following MV A, Ad26.Filo 56d. These responses did not persist
until Day 360 and were not observed at any other time point or in any other vaccination
regimen.

For the MV A, Ad26.Filo 14d plus Ad26.Filo booster regimen, the MARV GP neutralizing
antibody responder rate (40.0%, 2/5) and GMT (51 ICs titer) had increased at seven days
post-booster as compared to the pre-booster time point (20.0% [1/5] and <LLOQ, respec-
tively). However, these responses did not persist at Day 360.

Cellular immune responses. EBOV, SUDV, and MARV GP-specific CD4+ and CD8+ T
cell responses were observed in the majority of participants vaccinated with each of the three
filovirus regimens (Figs 2-7 in S1 File). Seven days post-dose 2, CD4+ T cell response rates for
these three regimens were generally similar against EBOV (21.4-42.9%) and SUDV (21.4-
78.6%) GPs, but tended to be lower against MARV GP (7.1-14.3%). At the same time point,
CD8+ T cell response rates were 7.1-53.3% against EBOV, 21.4-64.3% against SUDV, and
21.4-66.7% against MARV GPs. In general, CD8+ T cell responses were more durable than
CDA4+ T cell responses. A full description of T cell responses can be found in the Results in S1
File.

Discussion

In this Phase 1, randomized, double-blind, placebo-controlled, FIH study, several multivalent
two-dose vaccine regimens comprising Ad26.Filo and MV A were assessed. Ad26.Filo is a tri-
valent combination (1:1:1) of three vaccines, Ad26.ZEBOV, Ad26.SUDV, and Ad26.MARVA,
encoding the GPs of EBOV, SUDV, and MARYV, respectively. MV A is a multivalent vaccine
encoding the EBOV, SUDV, and MARV GPs and the TAFV NP. The results of this study sup-
port that an Ad26.Filo, MV A vaccine regimen in a 56d interval, and an MV A, Ad26.Filo
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vaccine regimen in either a 56d or 14d interval, are well tolerated and immunogenic in healthy
adults. There were no deaths or discontinuations from the study vaccination due to an AE,
and no SAEs were considered related to a study vaccine. Overall, solicited AEs were more fre-
quent in active vaccine recipients than in placebo recipients, and with higher doses of MVA
(5x10% Inf U compared with 1x10® Inf U), while most Grade 3 solicited systemic AEs were
reported following vaccination with Ad26.Filo.

All filovirus vaccine regimens induced humoral immune responses to EBOV, SUDV, and
MARYV GPs. In general, MVA, Ad26.Filo 56d induced higher binding antibody responses
against the three different filovirus GPs than the 14d interval. When measured after adminis-
tration of dose 1 but prior to administration of dose 2, vaccination with Ad26.Filo as dose 1
generally induced higher antibody responses against EBOV, SUDV, and MARV GPs as com-
pared to a first vaccination with MVA. The magnitude of the antibody responses increased
after the second vaccination and 100.0% of participants in all three filovirus regimen groups
had a binding antibody response against EBOV, SUDV, and MARV GPs. At the 21 days post-
dose 2 time point, the binding antibody response rate against EBOV GP was similar between
the vaccine regimens with a 56d interval, irrespective of the vaccination order. However, the
magnitude of response was higher for MVA, Ad26.Filo 56d than for Ad26.Filo, MVA, 56d. At
the same time point, binding antibody concentrations within the Ad26.Filo, MV A 56d interval
group tended to be lower against SUDV GP and numerically higher against MARV GP in
comparison to the MV A, Ad26.Filo 56d interval. Further clinical evaluation is needed to eluci-
date whether this numerical difference in antibody response magnitude is likely linked to the
vaccination order, or rather a result of the small group sizes in this Phase 1 study. The
responses against EBOV, SUDV, and MARV GPs persisted at least one year post-dose 1 vacci-
nation, the last time point assessed in this study, with similar antibody concentrations
observed on Day 360 between the different filovirus regimens, independent of the vaccine
order and interval.

As with the binding antibody responses, the neutralizing antibody responses against EBOV
and SUDV GPs were higher after vaccination with the MV A, Ad26.Filo regimen in a 56d
interval compared to the 14d interval. Twenty-one days post-dose 2, EBOV and SUDV GP
neutralizing antibody levels tended to be higher after vaccination with the MVA, Ad26.Filo
regimen than with the Ad26.Filo, MVA regimen in a 56d interval. It is currently unclear why
all participants vaccinated with each of the three filovirus vaccine regimens exhibited binding
antibody responses against the MARV Ci67 GP, but neutralizing antibody responses against
the MARV Angola GP were only observed in one of 29 participants vaccinated with MVA,
Ad26.Filo in either the 14d or 56d interval, and eight of 14 participants vaccinated with the
Ad26.Filo, MVA 56d regimen. It should be noted that the MARV GP and SUDV GP-specific
neutralization assays were developed and qualified using non-human primate serum, and
these assays may need further development with human serum to optimize the assay specificity
and/or detection range.

Cellular immune responses were also evaluated after vaccination with the filovirus regi-
mens, and EBOV, SUDV, and MARV GP-specific CD4+ and CD8+ T cell responses were
observed in a substantial percentage of participants vaccinated with each of the three filovirus
regimens. When measured after dose 1 but before dose 2, cellular responses were detectable in
all vaccine regimens, but the frequency of responses was lower after receipt of MVA as dose 1.
The sequence of Ad26.Filo, MV A appeared to generate more CD4+ and CD8+ T cell responses
than the MV A, Ad26.Filo sequence of vaccine administration.

The Ad26.ZEBOV, MVA Ebola vaccine regimen was included here as a study control, and
the humoral and cellular immune responses induced by this regimen against EBOV GP were
consistent with those previously reported in monovalent Ebola vaccine Phase 1 clinical studies
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[17, 19, 20, 24-26]. The SUDV and MARV GP-specific humoral and cellular immune
responses were also analyzed after vaccination with Ad26.ZEBOV, MVA to evaluate whether
any immune responses to SUDV and MARV were induced by the Ad26.ZEBOV vaccine
through cross-reactivity of EBOV GP-specific responses and/or by the multivalent MVA vac-
cine. When assessed after receipt of Ad26.ZEBOV as dose 1, but prior to receipt of MVA as
dose 2, SUDV GP-specific binding antibodies (but not MARV GP-specific binding antibodies)
were induced in a small percentage of participants. The observation of cross-reactivity against
SUDV GP, but not MARV GP, after administration of Ad26.ZEBOV is not unexpected due to
the higher degree of evolutionary relatedness between the two Ebola species strains (EBOV
and SUDV) versus MARV. SUDV GP and MARV GP-specific neutralizing antibody responses
and cellular immune responses were not observed after first vaccination with Ad26.ZEBOV.
After receipt of the Ad26.ZEBOV, MV A vaccine regimen, SUDV GP-specific binding antibod-
ies were observed in all participants, while MARV GP-specific binding antibodies were only
observed in a minor percentage. SUDV GP and MARV GP-specific neutralizing antibody
responses were not observed after Ad26.ZEBOV, MV A vaccination. SUDV GP-specific CD4

+ and CD8+ T cells were observed in a substantial percentage of participants vaccinated with
Ad26.ZEBOV, MVA. Vaccination with Ad26.ZEBOV, MV A did not induce MARV GP-spe-
cific CD4+ T cell responses at the evaluated time points, and MARV GP-specific CD8+ T cell
responses were observed in one participant. This small Phase 1 study only evaluated whether
any SUDV and MARV GP cross-reactive immune responses were induced by vaccination
with the Ebola vaccine regimen Ad26.ZEBOV, MVA. Therefore, no inference can be assumed
as to possible protection against SUDV and MARV.

Previous studies with the monovalent Ebola vaccine regimen Ad26.ZEBOV, MVA demon-
strated that a booster vaccination one or two years after dose 1 vaccination induces a strong
and rapid anamnestic response [16, 25]. Here, we included the MV A, Ad26.Filo 14d plus
Ad26.Filo booster regimen to evaluate whether a booster vaccination with Ad26.Filo adminis-
tered at approximately three months post-dose 1 (2.5 months post-dose 2) would be capable of
inducing a similar strong and rapid increase in immune responses. A robust increase in
humoral immune responses to EBOV, SUDV, and MARV GPs was observed within seven
days, with approximate 5.5-, 3.3- and 5.2-fold increases in binding antibody GMC and 10.7-,
1.3-, and 9.5-fold increases in neutralizing antibody GMT against EBOV, SUDV, and MARV
GPs, respectively, compared to the pre-booster time point. These responses were, in general,
slightly further increased at 21 days post-booster and decreased thereafter. At Day 360, approx-
imately nine months post-booster, the level of binding and neutralizing antibody responses
was similar to the level observed pre-booster and also similar to the level observed at Day 360
in participants vaccinated with the same MVA, Ad26.Filo primary regimen in a 14d interval.
These data, although limited to five participants, indicate that a booster vaccination given as
early as 2.5 months after the last dose of the regimen is able to substantially increase the
humoral immune responses to EBOV, SUDV, and MARV GPs within seven days. Although
this short time period of seven days is indicative of an anamnestic response, it is most likely
that the increase in antibody concentrations observed post-booster vaccination is the product
of a combination of memory responses stimulated by the booster vaccination and ongoing ger-
minal center reactions that originated after the second vaccination, benefiting from a new
influx of antigen. In the clinical studies that evaluated a booster vaccination with Ad26.
ZEBOV approximately one or two years after the primary Ebola vaccine regimen Ad26.
ZEBOV, MVA, the level of persisting antibodies observed at one year post-booster was higher
compared to the pre-booster time point, an observation that was not made here at nine
months post-booster. It is possible that the timing of the booster vaccination in this study, only
2.5 months after the second dose, allowed for a rapid and strong increase in circulating
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antibody levels produced by short-lived plasma cells, but was not optimal for inducing an
increase in the level of persisting circulating antibodies, generally produced by long-lived
plasma cells.

The majority of EBOV, SUDV, and MARYV candidate vaccines in the advanced stages of
clinical development are monovalent, although two bivalent vaccines (rAd5 and cAd3-EBO)
encoding the GP from EBOV and SUDV have completed Phase 1 clinical trials [27, 28]. The
first human trial with an rAd5-based Ebola vaccine was a randomized, double-blind, placebo-
controlled, dose-escalating, Phase 1 trial [28]. The bivalent vaccine, encoding the GPs of
EBOV and SUDV, was demonstrated to be safe and well tolerated at both a low and a high
dose, with the most common AEs being mild headaches of short duration. Additionally, both
humoral and cellular immune responses were elicited in a dose-dependent manner, with
humoral immune responses increasing in both frequency and magnitude and cellular immune
responses increasing in frequency at the higher dose level. However, preexisting immunity to
human Ad5 resulted in decreased antibody responses to the EBOV and SUDV GPs. Therefore,
the known high degree of baseline seropositivity against human Ad5 was a critical concern for
this Ad5 vector-based vaccine, as preexisting immunity could decrease the magnitude and/or
frequency of immune responses against the EBOV and SUDV GPs. To address this issue, a
bivalent recombinant chimpanzee adenovirus type 3-vectored vaccine expressing the GPs of
EBOV and SUDV (cAd3-EBO) was developed and evaluated in a Phase 1, dose-escalation,
open-label trial to evaluate safety and immunogenicity [27]. As with the rAd5-based bivalent
Ebola vaccine, the bivalent cAd3-EBO was also found to be safe and well tolerated at both a
low and a high dose, with fever as the most common AE (reported only in the high dose
group). A dose-dependent effect was observed in regard to both reactogenicity and immuno-
genicity. In the high-dose group, participants reported increased use of medication for symp-
tom relief, as well as lowered body temperature. Humoral immune responses increased in
magnitude and cellular immune responses increased in frequency at the higher dose level.

The results from this FIH study support that multivalent two-dose vaccine regimens con-
sisting of Ad26.Filo and MV A are immunogenic against all three tested antigens (EBOV,
SUDYV, and MARYV). Each of these filoviruses is known to cause severe hemorrhagic fever in
humans [29]. Compared with monovalent vaccine regimens, a multivalent vaccine regimen
could reduce the number of vaccinations required to provide protection against more than
one filovirus, which could in turn reduce health service costs [30, 31]. Given that EBOV,
SUDYV, and MARY are each responsible for at least one major outbreak (>200 cases) since
1976 [1, 2], a prophylactic multivalent filovirus vaccine regimen could offer a lifesaving pre-
ventative tool for communities in Africa.

Limitations

This study was not intended to provide statistically confirmed conclusions regarding safety
and immunogenicity of the various two-dose regimens; the study was conducted to provide a
preliminary insight into the safety and immunogenicity of regimens involving Ad26.Filo and
MVA. No inference as to possible protection against EBOV, SUDV, and MARYV can be made.
Furthermore, due to the nature of this Phase 1 study, small group sizes warrant caution when
interpreting trends, particularly for the small subset of participants who received Ad26.Filo
booster vaccination in Group 3.

Conclusions

The multivalent two-dose heterologous vaccine regimens of Ad26.Filo and MVA investigated
in this study were found to be well tolerated and immunogenic in healthy adults, irrespective
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of vaccine order or interval; immune responses against all three tested filovirus antigens were
induced. Administration of Ad26.Filo as dose 1 in the regimen generally induced higher bind-
ing antibody responses against EBOV, SUDV, and MARV GPs, and higher neutralizing anti-
body responses against both EBOV and SUDV GPs, as compared to a first vaccination with
MVA. A booster vaccination with Ad26.Filo administered on Day 92 induced a strong increase
in humoral immune responses to EBOV, SUDV, and MARV GPs within seven days.
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