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Background.  OVX836 is a recombinant protein vaccine targeting the highly conserved influenza nucleoprotein (NP), which 
could confer broad-spectrum protection against this disease.

Methods.  A randomized, placebo-controlled, double-blind, dose-escalating, single- center, first-in-human study was conducted 
in 36 healthy adults aged 18–49 years. Twelve subjects per cohort (9 vaccine and 3 placebo) received 2 OVX836 intramuscular ad-
ministrations on days 1 and 28 at the dose level of 30 µg, 90 µg, or 180 µg. Safety and immunogenicity were assessed after each vac-
cination and for 150 days in total.

Results.  OVX836 was safe and well tolerated at all dose levels, with no difference in solicited local and systemic symptoms, and 
unsolicited adverse events between the first and second administration, or between dose levels. All subjects presented pre-existing 
NP-specific immunity at baseline. OVX836 induced a significant increase in NP-specific interferon-gamma T cells and anti-NP im-
munoglobulin G at all dose levels after the first vaccination. The second vaccination did not further increase the response. There was 
a trend for a dose effect in the immune response.

Conclusions.  The safety and reactogenicity profile, as well as the humoral and cellular immune responses, encourage further 
evaluation of OVX836 in a larger Phase 2a study.
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Seasonal influenza is estimated to result in approximately 3 to 
5 million cases of severe illness worldwide every year, with ap-
proximately 290 000 to 650 000 deaths, mostly among people 
aged 65 years or older [1].

Annual vaccination is considered the most effective way to 
prevent influenza. Among the general population in the United 
States, seasonal trivalent or quadrivalent influenza vaccine ef-
fectiveness has been limited to 42% on average over the last 
10 years (32% in the elderly) [2]. Similar data are available in 
Europe [3]. When circulating viruses did not match the vac-
cine viruses, effectiveness may drop to 10%–20% only, as in the 
season 2014–2015 [2]. There is therefore a medical need for 
improving influenza vaccines efficacy.

Although antibody threshold values for viral surface hemag-
glutinin and neuraminidase are recognized as surrogates/cor-
relates for efficacy in clinical trials on most current vaccines [4], 
cellular responses, in particular CD4- and CD8-mediated re-
sponses, are very likely to contribute to protection, in particular 
in the elderly population [5–8].

In humans, there is growing evidence on the role of T-cell 
immunity against conserved internal antigens (nucleopro-
tein [NP], matrix protein 1 [M1], and polymerase B1 [PB1]) 
in the protection against influenza. A prospective cohort study 
conducted during the H1N1 pandemic of 2009 showed that 
higher frequencies of pre-existing T cells specific to conserved 
CD8 epitopes from NP, M1, and PB1 were found in individ-
uals who developed less severe illness [9]. In a challenge study, 
pre-existing CD4+, but not CD8+, T cells responding to influ-
enza NP and matrix protein were associated with lower virus 
shedding and less severe illness [10]. The Flu Watch Cohort 
Study has suggested that pre-existing T-cell responses targeting 
NP provide protective immunity against pandemic and sea-
sonal influenza. The presence of NP-specific T cells before ex-
posure to virus correlated with fewer cases of symptomatic, 
polymerase chain reaction (PCR)-positive influenza A, during 
both pandemic and seasonal influenza periods [11]. In addi-
tion, NP is highly conserved across A strains [12], as well as 
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partially conserved between A and B strains [13, 14]. These re-
sults provide the rationale to develop NP-based vaccines against 
influenza.

OVX836 (OSIVAX, Lyon, France) is a recombinant pro-
tein developed as a universal vaccine against influenza A 
strains [15], with cross-protection against B strains (J.D., F.N. 
and M.C., unpublished data, 2018). The antigenic part cor-
responds to the NP sequence of the A/WSN/1933(H1N1) in-
fluenza virus. OVX836 protein contains 7 copies of NP, each 
fused to OVX313 (Osivax’s proprietary pro-immunogenic tag, 
named Oligodom). The OVX313 sequence is derived from the 
C-terminal oligomerization domain of the human C4b binding 
protein (hC4BP) [16], but it is modified to minimize homology 
with the human sequence (hybrid chicken sequence; ho-
mology less than 20%). When fused by deoxyribonucleic acid 
(DNA) engineering to an antigen, and after protein expression, 
OVX313 has the unique property to heptamerize antigens, thus 
improving the antigen’s accessibility to the immune system and 
increasing their humoral and cellular immune responses [15]. 
Because NP is less subject to antigenic variation than influenza 
surface antigens, OVX836 will not have to be adapted annu-
ally, as required for current seasonal influenza vaccines. Animal 
studies have demonstrated OVX836’s ability to elicit humoral 
and cellular immunity—including CD8+ T cells in the lungs—
as well as protection in mice [15] and ferrets [17] against influ-
enza challenges. More importantly, OVX836 administered by 
the intramuscular (IM) route protected mice against lethal viral 
challenge using 3 different influenza A subtypes isolated several 
decades apart (100% survival in all cases), demonstrating the 
cross-protective properties of the vaccine [15]. This was accom-
panied by approximately 1 log reduction of viral load in lungs 4 
days postchallenge. Noticeably, OVX836 did not provide steril-
izing immunity since the infected mice lost some weight before 
recovering. Recent adoptive transfer experiments demonstrated 
that protection is mediated by NP-specific CD8+ T-cells isolated 
from the lung and spleen of mice vaccinated with OVX836 [18]. 
This study presents the first clinical safety and immunogenicity 
results obtained in healthy volunteers with OVX836 adminis-
tered by the IM route.

METHODS

This randomized, placebo-controlled, double-blind, dose-
escalation Phase 1 study was conducted at the University of 
Antwerp (Antwerpen, Belgium), in accordance with Good 
Clinical Practice. It was approved by the Ethics Committee 
of the Antwerp University Hospital and the University of 
Antwerp and by the Belgian Federal Agency for Medicines 
and Health Products (FAMHP). An independent data and 
safety monitoring board regularly reviewed the data to allow 
progression of the study. Written informed consent was 
obtained from all participating subjects. The EudraCT number 

was 2018-000341-39 and the Clinicaltrials.gov number was 
NCT03594890.

Healthy adults aged 18–49 years, with a body mass index be-
tween 18 and 25 kg/m², were eligible for the study. The main 
exclusion criteria were previous influenza vaccination within 6 
months before screening, pregnancy or unwillingness to prac-
tice birth control, positive test for the human immunodeficiency 
virus or hepatitis B/C viruses, presence of an acute febrile ill-
ness on the day of vaccination, treatments that could affect the 
immune response such as systemic corticosteroids, cytotoxic 
drugs, anti-inflammatory drugs and other immunomodulatory 
drugs, and history of significant medical illness such as autoim-
mune disorders, uncontrolled diabetes or hypertension, heart, 
renal, or hepatic diseases.

Twelve subjects were included into each of the 3 sequential 
cohorts (low dose 30 µg, medium dose 90 µg, high dose 180 µg) 
(Supplementary Figure I). Each cohort was randomized at a 3:1 
ratio between OVX836 vaccine (N = 9) and placebo (N = 3).

The vaccine (300 µg/mL active substance) or the placebo 
(consisting of sodium chloride 0.9%) was administered in 
the deltoid muscle of the nondominant arm at low (30 µg in 
0.1 mL), medium (90 µg in 0.3 mL), or high (180 µg in 0.6 mL) 
dose. The study was divided in 2 phases: (1) an active treatment 
phase from day 1 to day 57, consisting of 2 IM vaccinations, 
each followed by 28 days of follow-up, and (2) a follow-up phase 
from day 58 to day 150 (month 5) after first administration.

A diary card was used to collect solicited local (administra-
tion site pain, redness, swelling, and induration) and systemic 
(fever [measured through oral temperature], cough, headache, 
arthralgia, myalgia, malaise/tiredness, and vomiting) symp-
toms that occurred within 7 days after each administration. 
Unsolicited adverse events (AEs) were recorded using open 
questions for 28 days after each administration. Intensities of 
AEs were graded as mild, moderate, severe, or potentially life-
threatening, and these were monitored throughout the active 
phase. Serious AEs (SAEs) were monitored throughout the 
study up to month 5. A predefined set of safety laboratory ana-
lyses (hematology and clinical chemistry including coagulation 
parameters and evaluation of C-reactive protein) was per-
formed at screening and then on days 8, 29, 36, and 57.

Whole blood samples were collected on days 1, 8, 29, 
36, 57, and 150 for isolation of peripheral blood mononu-
clear cells (PBMCs) and determination of the NP-specific 
interferon-gamma (IFN-γ) T-cell response using an enzyme-
linked immunospot assay (ELISPOT). Serum samples were 
collected on days 1, 29, 57, and 150 for the determination of 
anti-NP, anti-OVX313, and anti-hC4BP immunoglobulin G 
(IgG) using enzyme-linked immunosorbent assays (ELISAs). 
Immunoassays are described in the Supplementary Methods.

The study was not powered for any statistical hypoth-
esis testing. With a sample size of 27 subjects exposed to 
OVX836, the probability of observing at least 1 AE would be 
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75% when the probability of the event is 5% (at least 1 subject 
of 27). Descriptive statistics were used to summarize all rele-
vant parameters: number and percentage for discrete variables 
and mean (arithmetic or geometric), median, standard devia-
tion (SD), interquartile range (IQR), 95% confidence interval 
(CI), minimum (min), and maximum (max) for continuous 
variables.

RESULTS

Study Population, Demographics, and Baseline Characteristics

The study was performed between June 12, 2018 and March 
27, 2019. A total of 36 subjects were included and 33 subjects 
(91.7%) completed the whole study. Three subjects (1 in each 
vaccine group) did not receive the second administration: 1 
(30-µg group) for Salmonellosis (not considered related to 
the vaccine), 1 (90-µg group) for alanine aminotransferase in-
creased (not considered related to the vaccine), and 1 (180-µg 
group) for malaise (tiredness) and severe fever (considered 
possibly related to the vaccine) after the first administration 
(Supplementary Figure II).

The 36 subjects, all white-Caucasians, were 29.7 ± 8.6 years 
old on average (mean ± SD) (min-max = 18–49 years). Mean 
body mass index was 21.9 ± 1.8  kg/m² (min-max = 18.0–
24.7 kg/m²). There were 22 females (61%) and 14 males (39%) 
(Table 1).

Reactogenicity and Safety

The percentages of subjects reporting solicited local signs and sys-
temic symptoms after the 2 vaccinations are shown in Figure 1A 
and B, respectively. No solicited local signs were reported in the 
placebo subjects, whereas most subjects vaccinated with OVX836 
presented transient mild to moderate pain at the injection site. 
There was neither clear OVX836 dose-effect relationship in the 
number of solicited local signs nor in the number of affected 
subjects: 13 symptoms in 8 subjects at 30 µg, 22 symptoms in 7 

subjects at 90 µg, and 16 symptoms in 7 subjects at 180 µg. There 
was also no apparent increase in solicited local signs after the 
second vaccination compared with the first one (Supplementary 
Table I). None of the solicited local symptoms was severe (grade 
3) in cohorts 1 (30 µg) and 3 (180 µg). Two solicited local signs 
(induration and edema) were severe in 1 subject (11.1%) in cohort 
2 (90 µg) (Figure 1A). None of the solicited local signs, except 1 
induration (lasting 14 days in the 30-µg cohort), was ongoing at 
the end of the observation period after either vaccination, and the 
vast majority of signs lasted less than 4 days.

There was neither dose-effect relationship in the number 
of solicited systemic symptoms nor in the number of affected 
subjects: 12 symptoms in 4 subjects at 30 µg, 13 symptoms in 
6 subjects at 90 µg, and 15 symptoms in 6 subjects at 180 µg 
(Supplementary Table II). In comparison, 12 solicited systemic 
symptoms were reported by 5 of the 9 placebo subjects. Two 
severe solicited systemic symptoms were reported in 2 subjects 
vaccinated with OVX836 (the 2 subjects mentioned above who 
did not receive the second vaccination). They consisted of 1 
severe malaise (tiredness, concomitant with Salmonellosis) 
lasting 11 days in cohort 1 (30 µg) and 1 severe fever (≥39°C, 
probably related to a respiratory infection with concomitant re-
porting of cough, headache, and malaise) lasting 2 days in co-
hort 3 (180 µg) (Figure 1B). All the other systemic symptoms 
lasted less than 4 days, except in 1 subject of the 90-µg cohort: 
headache and malaise lasting 8 days.

The percentages of subjects reporting unsolicited AEs during 
the 28-day period after each vaccination (all, severe [grade 3], caus-
ally related to the study vaccine according to the investigator) and 
SAEs are shown in Supplementary Figure III. Overall, 23 unsolic-
ited AEs were reported in 8 subjects in cohort 1 (30 µg), 21 AEs in 
8 subjects in cohort 2 (90 µg), and 21 AEs in 8 subjects in cohort 3 
(180 µg), versus 25 AEs in 6 subjects in the pooled placebo groups. 
Severe unsolicited AEs were reported in 3 (33.3%), 1 (11.1%), 3 
(33.3%), and 2 (22.2%) subjects in the pooled placebo, OVX836 
30-µg, 90-µg, and 180-µg groups, respectively (Supplementary 

Table 1.  Demographics and Baseline Subject Characteristics

Characteristics
OVX836 30 µg  

(N = 9) 
OVX836 90 µg  

(N = 9) 
OVX836 180 µg  

(N = 9) 
Pooled Placebo  

(N = 9) All (N = 36) 

Age (years) Mean (SD) 29.89 (10.30) 29.00 (8.77) 30.22 (9.74) 29.78 (6.92) 29.72 (8.64)

Median 25.0 28.0 27.0 29.0 27.5

Min; Max 18.0; 47.0 20.0; 49.0 20.0; 48.0 22.0; 41.0 18.0; 49.0

Sex Female, n (%) 6 (66.7) 6 (66.7) 3 (33.3) 7 (77.8) 22 (61.1)

Male, n (%) 3 (33.3) 3 (33.3) 6 (66.7) 2 (22.2) 14 (38.9)

Body mass index (kg/m2) Mean (SD) 22.03 (1.39) 22.13 (2.00) 21.43 (1.33) 21.82 (2.36) 21.85 (1.76)

Median 22.10 21.99 21.07 22.06 21.84

Min; Max 19.7; 24.0 19.3; 24.7 19.9; 24.2 18.0; 24.5 18.0; 24.7

Alcohol use Current, n (%) 7 (77.8) 8 (88.9) 7 (77.8) 9 (100.0) 31 (86.1)

Never, n (%) 2 (22.2) 1 (11.1) 2 (22.2) 0 (0.0) 5 (13.9)

Tobacco use Current, n (%) 1 (11.1) 0 (0.0) 1 (11.1) 1 (11.1) 3 (8.3)

Never, n (%) 8 (88.9) 9 (100.0) 8 (88.9) 8 (88.9) 33 (91.7)

Abbreviations: Max, maximum; Min, minimum; SD, standard deviation.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiab532/6398205 by guest on 16 M

arch 2022

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab532#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab532#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab532#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab532#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab532#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiab532#supplementary-data


4  •  JID  2021:XX  (XX XX)  •  Withanage et al

Figure III). No clear OVX836 dose-effect relationship could be 
observed. There was also no increase in unsolicited AEs after the 
second versus the first vaccination (Supplementary Table III). 
The most frequent AEs (more than 1 occurrence in any group), 

reported after the 2 administrations in the placebo group and in 
the 3 vaccine groups, are listed in Table 2.

One SAE was reported in 1 OVX836 90-µg recipient con-
sisting of a urinary tract infection occurring approximately 
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Figure 1.  Reactogenicity of OVX836. (A) Percentage of subjects reporting solicited local signs (mild in dotted pattern, moderate in diagonal stripped pattern and severe in 
plain pattern) in pooled placebo subjects (N = 9) and in the 3 vaccine cohorts (30 µg, 90 µg, and 180 µg; N = 9 in each cohort) during 7 days after the 2 vaccinations (days 1 
and 29). (B) Percentage of subjects reporting solicited systemic symptoms (mild in dotted pattern, moderate in diagonal stripped pattern, and severe in plain pattern) in pooled 
placebo subjects (N = 9) and in the 3 vaccine cohorts (30 µg, 90 µg, and 180 µg; N = 9 in each cohort) during 7 days after the 2 vaccinations (days 1 and 29).
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40 days after the second vaccination. The SAE lasted for 11 
days and was considered unrelated to the vaccine by the 
investigator.

Nucleoprotein-Specific T-Cell Immune Response

The over-time evolution of NP-specific IFN-γ-producing T 
cells in the 3 OVX836 vaccine and placebo groups is shown 
in Figure 2A. All subjects had a pre-existing signal at baseline 
(mean: 89 [median, 48] NP-specific IFN-γ spot-forming cells 
(SFCs)/106 PBMCs, min-max = 5–478) with no difference 

between groups. After OVX836 vaccination, the kinetic of the 
response overall demonstrated an expansion phase, 1 week 
after each administration (days 8 and 36), followed by a con-
traction phase 3 weeks after (days 29 and 57). On day 8, the me-
dian SFCs/106 PBMCs values were 123 (IQR = 87–304) for the 
OVX836 30-µg group, 245 (IQR = 127–323) for the OVX836 
90-µg group, and 308 (IQR = 78–397) for the OVX836 180-
µg group versus 32 (IQR = 6–42) for the placebo (Figure 2B). 
There was a trend for an increase of the median NP T-cell re-
sponse as a function of the OVX836 dose level at this specific 

Table 2.  List of the Most Frequent (More Than 1 Occurrence in Any Group) Cumulated Unsolicited AEs Reported During 28 Days After Each of the 2 
Vaccine/Placebo Administrations, in the Placebo Group and in the 3 Pooled Vaccine Groupsa

MedDRA Preferred Term 

OVX836 30, 90, 180 µg (N = 51) Pooled Placebo (N = 18)

n % E n % E 

Any unsolicited adverse event 11 64.7 23 10 66.7 21

Diarrhea 2 3.9 3 1 5.6 1

Nausea 2 3.9 2 1 5.6 1

Injection site hemorrhageb 2 3.9 2 1 5.6 1

Nasopharyngitis 5 9.8 5 1 5.6 1

Sinusitis 2 3.9 2 0 0.0 0

C-reactive protein increased 4 7.8 4 2 11.1 2

Headache 1 2.0 1 3 16.7 3

Presyncope 4 7.8 4 0 0.0 0

Nasal congestion 2 3.9 2 0 0.0 0

Oropharyngeal pain 4 7.8 5 0 0.0 0

Abbreviations: AE, adverse event; E, total number of events; MedDRA, Medical Dictionary for Regulatory Activities; n, number of administered doses followed by an AE; N, total number of 
administered doses; %, percentage of doses followed by an AE.
aFrequencies are shown per dose administered.
bCorresponding to injection site ecchymosis (MedDRA lower level term).
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Figure 2.  Cell-mediated immunity: nucleoprotein (NP)-specific interferon (IFN)-γ response. (A) Over-time evolution of the number of NP-specific IFN-γ spot forming T cells 
(SFC)/106 cells in the pooled placebo and the 3 OVX836-vaccinated groups (30 µg, 90 µg, and 180 µg) from baseline (day 1, prevaccination) to day 150 (4 months after second 
administration). Results are presented as arithmetic mean ± standard error of the mean. (B) Number of NP-specific IFN-γ SFC/106 cells in the different groups on day 8. 
Results are presented as box plots showing the median (horizontal bar in the box), the interquartile range (extremities of the box), and the minimum and maximum values 
(lower and upper error bars).
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time point. The percentage of subjects with a 2-fold increase of 
NP-specific IFN-γ-producing T cells at day 8 versus baseline 
was 67%, 78%, and 56% in the OVX836 30-µg, 90-µg, and 180-
µg groups, respectively, versus 0% in the placebo. The second 
vaccination did not allow to further increase the response 
on day 36 (1 week after second vaccination), except to some 
extent in the OVX836 90-µg group. On day 150 (4 months 
after second vaccination), the number of NP-specific IFN-γ-
producing T cells were still slightly above the placebo in the 
OVX836 groups.

Nucleoprotein-Specific Humoral Immune Response

The over-time evolution of anti-NP IgG geometric mean titers 
(GMTs) in the 3 OVX836 vaccine and placebo groups is shown 
in Figure 3A. All subjects presented pre-existing anti-NP IgG at 
baseline (GMT = 5593; min-max = 1600–25 600), with no dif-
ference between groups. On day 29, after the first vaccination, 
the GMT remain unchanged in the placebo group, whereas it 
increased to 16 127 (95% CI = 9466–27 476) for the OVX836 
30-µg group, 20 319 (95% CI = 13 940–29 615) for the OVX836 
90-µg group, and 23 702 (95% CI = 13 517–41 562) for the 
OVX836 180-µg group. The second vaccination did not allow 
a further increase of the anti-NP IgG GMTs on day 57 (28 days 
after second vaccination), and GMTs remained high at day 150 
(4 months after second vaccination). There was a trend for an 
increase of the anti-NP IgG GMTs as a function of the OVX836 
dose level.

The percentage of subjects with a 4-fold increase in anti-NP 
IgG titers at the different time points postvaccination versus 

baseline is shown in Figure 3B. On day 29 (after first vaccina-
tion) and day 57 (28 days after second vaccination), between 
44.4% and 87.5% of OVX836-vaccinated subjects presented 
a 4-fold increase of their baseline titer, versus 0% in the pla-
cebo group. On day 150 (4 months after second vaccination), 
between 37.5% and 50.0% of OVX836-vaccinated subjects still 
presented a 4-fold increase of their baseline titer, versus 0% in 
the placebo group.

Anti-OVX313 and Anti-hC4bp Humoral Immune Response

A moderate anti-OVX313 IgG response was noted in the 3 
OVX836 vaccine groups from day 29 (28 days after first vacci-
nation), reaching a maximum on day 57 (28 days after second 
vaccination), and decreasing at day 150 (4 months after second 
vaccination). At day 57, 50% to 63% in the OVX836-treated 
groups presented a detectable anti-OVX313 IgG titer (min-
max = 12.5–1600). There was a trend for an OVX836 dose-
level effect on the anti-OVX313 GMTs and on the number of 
subjects presenting a response (Supplementary Figure 4A). 
None of the anti-OVX313 IgG generated after OVX836 vacci-
nation cross-reacted with the human C4bp oligomerization do-
main (Supplementary Figure 4B).

DISCUSSION

In this first-in-human, randomized, placebo-controlled trial, 
OVX836 candidate vaccine appears to be safe and well tolerated 
between 30 µg and 180 µg (IM), as a 2-dose schedule at 1-month 
interval. No significant dose-effect relationship was observed in 
terms of reactogenicity or safety up to the 180-µg dose.
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Figure 3.  Humoral immunity: nucleoprotein (NP)-specific immunoglobulin G (IgG). (A) Over-time evolution of NP-specific IgG geometric mean titers (GMTs ± 95% confi-
dence interval [CI]) from baseline (day 1 prevaccination) up to day 150 (4 months after second administration) in the pooled placebo and 3 OVX836 vaccine groups (30 µg, 90 
µg, and 180 µg). (B) Percentage of subjects presenting a 4-fold increase of the NP-specific IgG titer between baseline (day 1 prevaccination) and day 29 (28 days after first 
administration), day 57 (28 days after second administration), and day 150 (4 months after second administration) in the pooled placebo and 3 OVX836 vaccine groups (30 
µg, 90 µg, and 180 µg).
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At baseline, all subjects included in the study presented 
pre-existing NP immunity, consistent with previous findings 
showing that NP-specific T cells [8, 11] and antibodies against 
NP [19, 20] are present in the blood of healthy individuals. 
This is assumed to be associated with periodical exposure to 
influenza virus over life course. In fact, approximately 5%–20% 
of unvaccinated adults are estimated to be infected by sea-
sonal influenza annually, with rates of symptomatic influenza 
being approximately half of these estimates [21, 22]. High var-
iability observed at baseline between subjects, especially for 
NP-specific T cells, could be related to the time elapsed be-
tween the last influenza infection and day 1 sampling in the 
current study. Since split seasonal vaccines contain residual NP 
[23], one may envisage that pre-existing NP immunity might 
also be related to annual vaccination. However, there is no clear 
evidence that seasonal vaccination can increase NP responses 
[24, 25].

A single injection of OVX836 was able to increase the number 
of NP-specific T cells at day 8 and anti-NP IgG titers at day 29. 
The second vaccination 28 days later did not confer additional 
benefit over the first one, with anti-NP IgG or NP-specific T-cell 
levels showing either no or only a marginal increase compared 
with the levels observed after first vaccination. Taken together, 
these findings are consistent with a recall of the NP pre-existing 
immune memory after OVX836 vaccination. For both the hu-
moral and cellular NP-specific responses, there was a trend for 
an OVX836 dose effect, without correlations between these 2 
types of responses (data not shown).

The response kinetics were different for anti-NP IgG levels 
(humoral response) and NP-specific effector T-cell response 
(IFN-γ-mediated cellular response). Whereas the IgG level 
remained high from day 57 up to day 150 (GMTs remaining 
above placebo at this late time point), T cells peaked 1 week 
after each vaccination and decreased afterwards while tending 
to remain above placebo at day 150. This NP-T cell kinetic after 
OVX836 vaccination is consistent with the kinetic described 
after influenza infection: peak of CD4+ and CD8+ T cells within 
1 week then return to baseline 3 or 4 weeks after [10, 26], cor-
responding to the expansion and contraction phases described 
for T-cell responses [27, 28]. The disappearance of T cells from 
the blood compartment coincides with the conversion of some 
of them into functional memory cells localized in secondary or-
gans or nonlymphoid organs, and these cells play a critical role 
in the fight against subsequent infections [29].

The levels of NP-specific T cells measured in this study 
were above the threshold of 20 SFCs/106 PBMCs, found by 
Hayward et al [11], as predictive of an efficacy against PCR-
confirmed symptomatic influenza. The levels achieved 1 week 
after OVX836 vaccination were consistent with the threshold 
of 100 SFCs/106 PBMCs in IFN-γ ELISPOT analyses identi-
fied by Forrest et al [30] as correlating with protection against 
symptomatic influenza infection in young children vaccinated 

with a live-attenuated influenza vaccine. However, it remains 
difficult to compare results between studies due to ELISPOT 
assay technical specificities and lack of method standardiza-
tion [4, 29].

OVX836 also induced an increase of anti-NP IgG levels. 
Because NP is included inside the virus, anti-NP IgG cannot 
exhibit any direct action on the virus, such as neutralization. 
However, anti-NP IgG may play a role in the destruction of in-
fected cells [31] either through antibody-dependent cellular 
cytotoxicity [32], through immune complex natural killer cell 
priming [33] or other mechanisms [34]. The relevance of these 
mechanisms in humans remains unclear.

One vaccine targeting the full-length NP has been evalu-
ated in clinical trials: a viral vector vaccine (Modified Vaccinia 
Ankara) targeting NP + M1. This vaccine candidate recently 
failed to reach the primary endpoints in both a field efficacy trial 
(ClinicalTrials.gov Identifier: NCT03880474) and in a challenge 
trial (ClinicalTrials.gov Identifier: NCT03883113). OVX836 is 
a new attempt to develop a broad-spectrum influenza vaccine 
based on full-length NP only and using a different technology 
(recombinant protein).

One limitation in this study is that the T-cell phenotype 
was not evaluated (CD4+ and CD8+ T cells) and that only 
IFN-γ was studied as functional marker. As already men-
tioned, the respective role of CD4+ and CD8+ in the protec-
tion against influenza remains to be clarified and should be 
evaluated in future studies. Another limitation of the study 
is the low number of subjects per group (N = 9) and the high 
interindividual variability in the pre-existing immunity at 
baseline.

CONCLUSIONS

It can be concluded from this Phase 1 study that OVX836 in-
duced NP-specific immune responses and showed an accept-
able safety and reactogenicity profile. The dose levels of 90 µg 
and 180 µg have been selected for further evaluation in a larger 
Phase 2 study (ClinicalTrials.gov Identifier: NCT04192500).

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.

Notes

Acknowledgments. We are grateful to the healthy volunteers 
who took part in this study. We acknowledge the contributions 
of the staff of the Centre for the Evaluation of Vaccination in 
Antwerpen, the contribution of N. C.’s team from Laboratory 
for Experimental Hematology, and the contribution of Christine 
Bain and her team at Active Biomarkers. We are also grateful 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiab532/6398205 by guest on 16 M

arch 2022



8  •  JID  2021:XX  (XX XX)  •  Withanage et al

to the members of the Data Safety Monitoring Board: Bernard 
Fritzell, Abraham Palache, and Terho Heikkinen. We also thank 
Béhazine Combadière and Delphine Guyon-Gellin for review of 
this manuscript, Judith Del Campo for fruitful discussions con-
cerning immunoanalysis protocols and results, Florian Sourd 
for helping in the preparation of figures, and Jacques Bruhwyler 
for writing the manuscript and reviewing the biostatistics.

Author contributions. P. V. D. is leading the Centre for the 
Evaluation of Vaccination in charge of this study; K. W. was the 
Principal Investigator; I. D. C. is senior medical doctor in the team; 
and N. C. was in charge of the peripheral blood mononuclear cell 
processing of all samples of the study. In this context, the University 
of Antwerp was funded by Osivax.

Financial support. This project has received funding from 
Bpifrance (Grant Numbers DOS0058200/00, DOS0080075/00, 
and DOS0080076/00) and from the European Union’s Horizon 
2020 Research and Innovation Program under Grant Agreement 
Number 961112.

Potential conflicts of interest. A. L. V. and Florence Nicolas 
are shareholders and executive members of Osivax. M. C., M. 
L., and J. T. are employed by Osivax. S. V. and P. W. are con-
sultants who received fees from Osivax. All authors have sub-
mitted the ICMJE Form for Disclosure of Potential Conflicts 
of Interest. Conflicts that the editors consider relevant to the 
content of the manuscript have been disclosed.

References

	 1.	 Iuliano AD, Roguski KM, Chang HH, et al; Global Seasonal 
Influenza-associated Mortality Collaborator Network. 
Estimates of global seasonal influenza-associated respiratory 
mortality: a modelling study. Lancet 2018; 391:1285–300.

	 2.	 Centers for Disease Control and Prevention. Past Seasons 
Vaccine Effectiveness Estimates. Available at: https://www.
cdc.gov/flu/vaccines-work/past-seasons-estimates.html. 
Accessed 21 May 2021.

	 3.	 European Centre for Disease Prevention and Control. 
Influenza vaccine effectiveness. Available at: https://www.
ecdc.europa.eu/en/seasonal-influenza/prevention-and-
control/vaccine-effectiveness. Accessed 21 May 2021.

	 4.	 Krammer F, Weir JP, Engelhardt O, Katz JM, Cox RJ. 
Meeting report and review: immunological assays and cor-
relates of protection for next-generation influenza vaccines. 
Influenza Other Respir Viruses 2020; 14:237–43.

	 5.	 McElhaney JE, Kuchel GA, Zhou X, Swain SL, Haynes L. 
T-cell immunity to influenza in older adults: a pathophysi-
ological framework for development of more effective vac-
cines. Front Immunol 2016; 7:41.

	 6.	 Trombetta CM, Montomoli E. Influenza immunology eval-
uation and correlates of protection: a focus on vaccines. 
Expert Rev Vaccines 2016; 15:967–76.

	 7.	 Pleguezuelos O, Robinson S, Fernandez A, Stoloff GA, 
Caparrós-Wanderley W. Meta-analysis and potential role 

of preexisting heterosubtypic cellular immunity based on 
variations in disease severity outcomes for influenza live 
viral challenges in humans. Clin Vaccine Immunol 2015; 
22:949–56.

	 8.	 Savic M, Dembinski JL, Kim Y, et al. Epitope specific T-cell 
responses against influenza A in a healthy population. 
Immunology 2016; 147:165–77.

	 9.	 Sridhar S, Begom S, Bermingham A, et al. Cellular immune 
correlates of protection against symptomatic pandemic in-
fluenza. Nat Med 2013; 19:1305–12.

	10.	 Wilkinson TM, Li CK, Chui CS, et al. Preexisting influenza-
specific CD4+ T cells correlate with disease protection against 
influenza challenge in humans. Nat Med 2012; 18:274–80.

	11.	 Hayward AC, Wang L, Goonetilleke N, et al; Flu Watch 
Group. Natural T cell-mediated protection against seasonal 
and pandemic influenza. Results of the flu watch cohort 
study. Am J Respir Crit Care Med 2015; 191:1422–31.

	12.	 Babar MM, Zaidi NU. Protein sequence conservation and 
stable molecular evolution reveals influenza virus nucleo-
protein as a universal druggable target. Infect Genet Evol 
2015; 34:200–10.

	13.	 Terajima M, Babon JA, Co MD, Ennis FA. Cross-reactive 
human B cell and T cell epitopes between influenza A and B 
viruses. Virol J 2013; 10:244.

	14.	 Koutsakos M, Illing PT, Nguyen THO, et al. Human CD8+ 
T cell cross-reactivity across influenza A, B and C viruses. 
Nat Immunol 2019; 20:613–25.

	15.	 Del Campo J, Pizzorno A, Djebali S, et al. OVX836 a recom-
binant nucleoprotein vaccine inducing cellular responses 
and protective efficacy against multiple influenza A sub-
types. NPJ Vaccines 2019; 4:4.

	16.	 Hofmeyer T, Schmelz S, Degiacomi MT, et al. Arranged 
sevenfold: structural insights into the C-terminal oligomer-
ization domain of human C4b-binding protein. J Mol Biol 
2013; 425:1302–17.

	17.	 Del Campo J, Andrès P, Chevandier M, et al. OVX836, a 
novel universal influenza A vaccine candidate, protects fer-
rets against viral challenge [abstract]. ISRIV (International 
Society for Influenza and other Respiratory Virus Diseases) 
Options X for the control of Influenza, Singapore, 28 
August-1 September 2019.

	18.	 Del Campo J, Bouley J, Chevandier M, et al. OVX836 
heptameric nucleoprotein vaccine generates lung tissue-
resident memory CD8+ T-cells for cross-protection against 
influenza. Front Immunol 2021. Available at: https://www.
frontiersin.org/articles/10.3389/fimmu.2021.678483/ab-
stract. Accessed 21 May 2021.

	19.	 Krammer F. The human antibody response to influenza A 
virus infection and vaccination. Nat Rev Immunol 2019; 
19:383–97.

	20.	 Haaheim R. Single-radial-complement-fixation: a new im-
munodiffusion technique. 2. Assay of the antibody response 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiab532/6398205 by guest on 16 M

arch 2022

https://www.cdc.gov/flu/vaccines-work/past-seasons-estimates.html
https://www.cdc.gov/flu/vaccines-work/past-seasons-estimates.html
https://www.ecdc.europa.eu/en/seasonal-influenza/prevention-and-control/vaccine-effectiveness
https://www.ecdc.europa.eu/en/seasonal-influenza/prevention-and-control/vaccine-effectiveness
https://www.ecdc.europa.eu/en/seasonal-influenza/prevention-and-control/vaccine-effectiveness
https://www.frontiersin.org/articles/10.3389/fimmu.2021.678483/abstract
https://www.frontiersin.org/articles/10.3389/fimmu.2021.678483/abstract
https://www.frontiersin.org/articles/10.3389/fimmu.2021.678483/abstract


Phase 1-OVX836-Nucleoprotein Flu Vaccine  •  JID  2021:XX  (XX XX)  •  9

to the internal antigens (MP and NP) of influenza A virus in 
human sera after vaccination and infection. Dev Biol Stand 
1977; 39:481–4.

	21.	 Tokars JI, Olsen SJ, Reed C. Seasonal incidence of sympto-
matic influenza in the United States. Clin Infect Dis 2018; 
66:1511–8.

	22.	 Somes MP, Turner RM, Dwyer LJ, Newall AT. Estimating 
the annual attack rate of seasonal influenza among unvac-
cinated individuals: a systematic review and meta-analysis. 
Vaccine 2018; 36:3199–207.

	23.	 Chaloupka I, Schuler A, Marschall M, Meier-Ewert H. 
Comparative analysis of six European influenza vaccines. 
Eur J Clin Microbiol Infect Dis 1996; 15:121–7.

	24.	 Trieu MC, Zhou F, Lartey SL, Sridhar S, Mjaaland S, Cox 
RJ. Augmented CD4+ T-cell and humoral responses after 
repeated annual influenza vaccination with the same vac-
cine component A/H1N1pdm09 over 5 years. NPJ Vaccines 
2018; 3:37.

	25.	 Combadière B, Vogt A, Mahé B, et al. Preferential amplifi-
cation of CD8 effector-T cells after transcutaneous appli-
cation of an inactivated influenza vaccine: a randomized 
phase I trial. PLoS One 2010; 5:e10818.

	26.	 Hillaire MLB, van Trierum SE, Bodewes R, et al. 
Characterization of the human CD8+ T cell response fol-
lowing infection with 2009 pandemic influenza H1N1 
virus. J Virol 2011; 85:12057–61.

	27.	 Kaech SM, Cui W. Transcriptional control of effector and 
memory CD8+ T cell differentiation. Nat Rev Immunol 
2012; 12:749–61.

	28.	 Cui W, Kaech SM. Generation of effector CD8+ T cells and their 
conversion to memory T cells. Immunol Rev 2010; 236:151–66.

	29.	 Clemens EB, van de Sandt C, Wong SS, Wakim LM, Valkenburg 
SA. Harnessing the power of T cells: the promising hope for a 
universal influenza vaccine. Vaccines 2018; 6:E18.

	30.	 Forrest BD, Pride MW, Dunning AJ, et al. Correlation of 
cellular immune responses with protection against culture-
confirmed influenza virus in young children. Clin Vaccine 
Immunol 2008; 15:1042–53.

	31.	 Von Holle TA, Moody MA. Influenza and antibody-dependent 
cellular cytotoxicity. Front Immunol 2019; 10:1457.

	32.	 Jegaskanda S, Co MDT, Cruz J, Subbarao K, Ennis FA, 
Terajima M. Induction of H7N9-cross-reactive antibody-
dependent cellular cytotoxicity antibodies by human sea-
sonal influenza A viruses that are directed toward the 
nucleoprotein. J Infect Dis 2017; 215:818–23.

	33.	 Vanderven HA, Ana-Sosa-Batiz F, Jegaskanda S, et al. What 
lies beneath: antibody dependent natural killer cell acti-
vation by antibodies to internal influenza virus proteins. 
EBioMedicine 2016; 8:277–90.

	34.	 Caddy SL, Vaysburd M, Papa G, et al. Viral nucleoprotein 
antibodies activate TRIM21 and induce T cell immunity. 
EMBO J 2021; 40:e106228.

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiab532/6398205 by guest on 16 M

arch 2022


