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Abstract 

Background:  Numerous vaccine strategies are being advanced to control SARS-CoV-2, the cause of the COVID-19 
pandemic. EuCorVac-19 (ECV19) is a recombinant protein nanoparticle vaccine that displays the SARS-CoV-2 receptor-
binding domain (RBD) on immunogenic nanoliposomes.

Methods:  Initial study of a phase 2 randomized, observer-blind, placebo-controlled trial to assess the immunogenic‑
ity, safety, and tolerance of ECV19 was carried out between July and October 2021. Two hundred twenty-nine partici‑
pants were enrolled at 5 hospital sites in South Korea. Healthy adults aged 19–75 without prior known exposure to 
COVID-19 were vaccinated intramuscularly on day 0 and day 21. Of the participants who received two vaccine doses 
according to protocol, 100 received high-dose ECV19 (20 μg RBD), 96 received low-dose ECV19 (10 μg RBD), and 27 
received placebo. Local and systemic adverse events were monitored. Serum was assessed on days 0, 21, and 42 for 
immunogenicity analysis by ELISA and neutralizing antibody response by focus reduction neutralization test (FRNT).

Results:  Low-grade injection site tenderness and pain were observed in most participants. Solicited systemic adverse 
events were less frequent, and mostly involved low-grade fatigue/malaise, myalgia, and headache. No clinical labora‑
tory abnormalities were observed. Adverse events did not increase with the second injection and no serious adverse 
events were solicited by ECV19. On day 42, Spike IgG geometric mean ELISA titers were 0.8, 211, and 590 Spike bind‑
ing antibody units (BAU/mL) for placebo, low-dose and high-dose ECV19, respectively (p < 0.001 between groups). 
Neutralizing antibodies levels of the low-dose and high-dose ECV19 groups had FRNT50 geometric mean values of 
129 and 316, respectively. Boosting responses and dose responses were observed. Antibodies against the RBD cor‑
related with antibodies against the Spike and with virus neutralization.

Conclusions:  ECV19 was generally well-tolerated and induced antibodies in a dose-dependent manner that 
neutralized SARS-CoV-2. The unique liposome display approach of ECV19, which lacks any immunogenic protein 
components besides the antigen itself, coupled with the lack of increased adverse events during boosting suggest 
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Background
Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is the etiological agent of the coronavi-
rus disease 2019 (COVID-19) pandemic that triggered 
an estimated 18 million deaths in 2020 and 2021 based 
on excess morality [1] and has re-emerged in waves of 
new variants [2]. In a remarkable display of the power 
of modern biotechnology, many safe, effective, and 
novel vaccines have effectively been rapidly devel-
oped and deployed [3]. As the human global popula-
tion becomes exposed to COVID-19 viral infection and 
vaccines, the pandemic is expected to shift from pan-
demic to endemic, and many questions remain on how 
COVID-19 vaccines will be used in future years [4]. 
Vaccines are poised to remain a key part of mitigation 
strategies. How boosting regimes function in this con-
text of emerging strains remains to be seen over coming 
years. Approved vaccines to date include those based 
on mRNA, viral-vectors, attenuated SARS-CoV-2, and 
recombinant proteins [4]. Most approved vaccines are 
based on the large Spike protein of the viral surface. 
On the other hand, numerous preclinical vaccine can-
didates have focused on the receptor-binding domain 
(RBD) portion of the Spike, which has the theoretical 
advantage of being the antigen mostly responsible for 
neutralizing antibody generation, although its smaller 
size may provide fewer T cell epitopes [5]. Several RBD 
vaccines have also moved into clinical testing including 
RBD dimers (V-01 [6] and FINLAY-FR [7]) as well as an 
adjuvanted, protein-scaffold displaying the RBD [8].

EuCorVac-19 (ECV-19) is an RBD-based vaccine that 
displays the RBD on immunogenic liposomes that also 
contain monophosphoryl lipid A (MPLA) derived from 
genetically engineered Escherichia coli (EcML). EcML is 
a vaccine adjuvant produced in E. coli featuring a mod-
ulated lipopolysaccharide biosynthetic pathway [9]. 
The RBD antigen is displayed on the surface of EcML-
containing liposomes via interaction between the RBD 
polyhistidine-tag and liposome-embedded cobalt-por-
phyrin-phospholipid (CoPoP), an approach which has 
been shown to enhance antigen immunogenicity in 
preclinical studies [10]. Some of the additional unique 
features of ECV-19 include co-delivery (as opposed to 
co-administration) of adjuvant and antigen, and mak-
ing use of a protein-free scaffold that would not distract 
the immune response in scenarios involving multiple 

boosting regimes. Here, the interim results of a phase 2 
clinical study are reported.

Methods
Study design and participants
Initial study of a phase 2 randomized, observer-blind, 
placebo-controlled study in healthy adults between 19 
and 75 years old, who did not have known prior COVID-
19 infection or vaccination (based on interviews, and 
not any specific screening for pre-existing SARS-CoV-2 
antigens or antibodies), was carried out between July and 
October 2021 at 5 hospital sites in South Korea. Writ-
ten informed consent was obtained from all participants. 
The trials were done according to the principles of the 
Declaration of Helsinki and Good Clinical Practice. This 
study was approved in South Korea by the Korea Min-
istry of Food and Drug Safety (approval #33,475) and 
Institutional Review Board at 5 sites; Catholic Univer-
sity of Korea, Eunpyeong St. Mary’s Hospital (approval 
#PC21BDDF0015), Soonchunhyang University Bucheon 
Hospital (approval #SCHBC 2021–03-017), Hanyang 
University College of Medicine (approval #GURI 2021–
03-044), Catholic University of Korea, Bucheon St. 
Mary’s Hospital (approval #HC21BDDS0027), and Ewha 
Womans University Seoul Hospital (approval #SEUMC 
2021–03-038). The study was registered with Clinical-
Trials.gov (NCT04783311). The primary objective was 
to confirm the SARS-CoV-2 specific immune response 
when administering ECV19 to healthy adults. The sec-
ondary objective was to confirm the safety and tolerance 
to SARS-CoV-2. A total of 270 adults were screened, and 
229 participants were enrolled. Twenty-four exclusion 
criteria for the trial were used and are listed in Additional 
file 1: Table S1.

Randomization and masking
This study used the Interactive Web Response Sys-
tem (IWRS) for randomization. Subjects were assigned 
to each treatment group in a ratio of 10:10:3 (low dose 
group to high dose group to placebo comparator group) 
and stratified by age (19 to 50 years of age versus 51 to 
75  years of age). The randomization manager randomly 
chose a block size among the multiples of the number of 
treatment groups and generated randomization tables 
using SAS software (version 9.4 or above). Individuals 
who provided written informed consent to participation 

the vaccine platform may be amenable to multiple boosting regimes in the future. Taken together, these findings 
motivate further investigation of ECV19 in larger scale clinical testing that is underway.

Trial registration:  The trial was registered at ClinicalTrials.gov as # NCT04783311.
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Page 3 of 11Lovell et al. BMC Medicine          (2022) 20:462 	

were given a screening number first. Afterwards, those 
who met the inclusion criteria were randomized by the 
central randomization plans. Allocation of unique codes 
by group was managed by IWRS at the central enroll-
ment center. Pharmacists identified the subject’s rand-
omization number via IWRS to release the appropriate 
investigational product.

Investigational product
The GMP-grade investigational product, ECV19, was 
manufactured by Eubiologics. ECV19 comprises the 
SARS-CoV-2 RBD antigen with a poly-histidine tag pro-
duced by a stable Chinese Hamster Ovary cell line. The 
sequence for the his-tagged RBD (Wuhan-Hu-1 strain, 
GenBank: MT380724.1) was cloned into the pcDNA3.4 
expression plasmid to generate the stable cell line used 
to generate the purified RBD (Additional file  1: Figure 
S1). The RBD is displayed on nanoliposomes that include 
EcML and CoPoP, along with the inactive carrier lipids 
dioleoylphosphatidylcholine and cholesterol. The high-
dose group received 20  μg RBD antigen, 20  μg EcML, 
and 40  μg CoPoP. The low-dose group received 10  μg 
RBD along with 10 μg EcML and 20 μg CoPoP. The pla-
cebo group received a saline injection (Daihan Isotonic 
Sodium Chloride).

Clinical procedures
The overall schedule for safety and immunogenicity 
assessment is shown in Additional file  1; Table  S2. This 
study provides an interim analysis of safety and immuno-
genicity through 8 weekly visits during the study. Intra-
muscular vaccination with the investigational product 
occurred on Visit 2 (also referred to as day 0 herein) and 
Visit 5 (referred to as day 21), and serum was collected 
on visit 8 (referred to as day 42). No testing for COVID-
19 was carried out during this period. Visit 2, 5, and 8 
were conducted between July 27, 2021, and October 15, 
2021. While the trial was designed as an observer-blind 
study, participants were not informed of which vaccine 
or placebo they received until 4  weeks after visit 8. All 
medical events occurring before the 1st dose of the inves-
tigational product were documented as medical history. 
Assessment of adverse events and severity of solicited 
or unsolicited adverse events in subjects enrolled in this 
study were classified based on “MFDS, Guidelines for the 
assessment of severity of adverse events in vaccine tri-
als” [11]. Severities of unsolicited AEs including immedi-
ate adverse events (anaphylaxis related) observed within 
30 min of dosing were classified based on the same guid-
ance. Adverse events of special interest were considered 
according to the guidance document “MFDS, Considera-
tions in COVID-19 vaccines development” [12]. The clin-
ical protocol is included in Additional file 2.

Assessment of antibodies at the International Vaccine 
Institute (IVI)
The titer of the antibody binding to the spike protein 
(Acro Biosystems, cat# SPN-C52H9) (anti-S titer) was 
assessed by ELISA at IVI (Seoul, Korea) using qualified 
methods as previously described [13]. The antibody titer 
was expressed as binding antibody unit per mL (BAU/
mL) based on a standard curve generated from dilutions 
of COVID-19 convalescent serum provided by Korea 
National Institutes of Health, which was calibrated to 
the unit of WHO international standard (NIBSC code 
20/136). If at least two dilutions of each sample were not 
included within the standard curve due to low OD value, 
then the sample was considered as 0.5 BAU/mL. To 
measure the SARS-CoV-2-specific neutralizing antibody 
activity induced by the vaccine, a FRNT was performed 
using Wuhan strain of SARS-CoV-2 using qualified 
methods as described previously [14].

Assessment of virus neutralization by microneutralization 
assay (MNA)
A subset of samples was sent to Vismederi (Siena, Italy) 
for assessment of MNA of the Wuhan, Delta and Omi-
cron strains. MNA was carried out as reported [15].

Assessment of RBD antibodies
SARS-CoV-2 RBD-specific antibody responses were 
determined by ELISA at Eubiologics. Briefly, ELISA 
plates (NUNC Maxisorp, Thermo Scientific) were coated 
with 100  ng/well of purified SARS-CoV-2 RBD protein 
in 100 μL of PBS overnight at 4 °C. Each antigen-coated 
well was blocked with PBS containing 2% non-fat milk 
for 1 h at 37  °C and washed with PBS containing 0.05% 
Tween-20 (PBST). Then, each serum was serially diluted 
and incubated for 1.5 h at 37 °C. The plates were washed, 
HRP Anti-human IgG (BD Pharmingen) was added, and 
the plates were incubated for 1 h at 37 °C. After incuba-
tion, the plates were washed six times with PBST and 
tetramethylbenzidine peroxidase substrate (TMB) was 
added to develop the color. The reaction was stopped by 
0.5 M H3PO4, and the optical density (OD) was measured 
at a wavelength of 450 nm using ELISA plate reader. The 
RBD-ELISA titers were converted to binding antibody 
unit (BAU) using WHO international standard (NIBSC 
code: 20/136) and compared with the in-house standard 
serum (COVID-19 positive human convalescent serum 
panel obtained from Access biologicals).

Assessment of cellular response for a subset of samples 
from Eunpyeong St. Mary’s Hospital
Cellular response was assessed by analyzing the vac-
cine antigen-specific T cell count in peripheral blood 
mononuclear cells (PBMCs) (without proliferation 
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by additional culture) in the blood of the participants 
treated with SARS-CoV-2 spike RBD vaccine antigens 
(low dose group, n = 17; high dose group, n = 21; pla-
cebo group, n = 7). After separation of PBMCs from 
blood samples of study subjects (treated with hepa-
rin), the PBMCs were slowly frozen at − 70 °C, and after 
3 days, they were stored at <  − 190 °C in liquid nitrogen. 
After thawing, 2.5 × 105 cells were split into each well of 
a 96-well plate which was coated with anti-human IFNγ 
or anti IL-4 monoclonal antibody, and then, a SARS-
CoV-2 S1 peptide pool (total 166 peptide) in RPMI (with 
100 units/mL penicillin, 1  mg/mL streptomycin, 10% 
heat inactivated fetal calf serum) was added for 18–20 h. 
Then, detection monoclonal antibody and streptavidin 
alkaline phosphatase were cultured and treated with 
5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetra-
zolium (BCIP/NBT) substrate, and expression was meas-
ured. Spot forming cells (SFC)/105 cells were counted in 
each sample by an ELISpot counter.

Assessment of anti‑S, anti‑RBD, IgG subclass (anti‑RBD) 
and anti‑his‑tag responses for a subset of samples 
from Eunpyeong St. Mary’s Hospital
A subset of samples was sent to the National Institutes 
of Health (Rockville, Maryland, USA) for exploratory 
analysis. The basic methodology for ELISA was carried 
out as described [16]. For anti-S and anti-RBD antibody 
measurement, the same spike and RBD proteins used at 
IVI and Eubiologics were utilized to coat ELISA plates, 
and ELISA units were determined for each test serum 
collected from this phase 2 study and post-immune 
Pfizer or Johnson & Johnson vaccination serum pur-
chased from Access Biologicals (Vistas, USA). The WHO 
International Standards (National Institute for Biological 
Standards and Control, catalog #20/268, Hertfordshire, 
England) were also evaluated in the same assays, and 
the ELISA units of test sera were converted to BAU/mL 
concentrations.

For IgG subclass ELISA against RBD protein, all test 
samples were diluted to 2 anti-RBD BAU/mL total anti-
body level.

For anti-his-tag ELISA, serum samples were tested at 
1:200 dilution using ELISA plates coated with 200  ng/
well of 10 × His peptide (Abcam, Catalog # ab14943). As 
a standard, anti-His-Tag chimeric human monoclonal 
antibody (Sigma, Catalog # SAB5600096) was included at 
fourfold serial dilutions from 250 ng/mL.

Statistical analyses
Chi-square tests were utilized to compare demographic 
characteristics. For adverse event (AE), the difference 
in total number of AEs (including all grade 1, 2, and 3 
AEs) among the placebo, low-dose, and high-dose group 

was compared by a chi-square test first. If significant, 
the difference between placebo and low-dose group and 
between placebo and high-dose group was evaluated by 
Fisher’s exact tests, and Bonferroni corrected p-values are 
shown. To compare ELISA and FRNT results among dif-
ferent groups at the same time, a Mann–Whitney test (to 
compare two groups) or a Kruskal–Wallis test followed 
by Dunn’s multiple comparison tests (to compare more 
than two groups) were used. The comparison among days 
0, 21, and 42 within the group was done by a Friedman 
test followed by Dunn’s multiple comparison tests. Cor-
relations between anti-RBD and anti-S titers and between 
anti-RBD titer and FRNT were determined by a Pearson 
test using log-transformed data. Statistical analysis was 
carried out using the GraphPad Prism software version 
9.3.

Role of funding source
This research was supported by a grant of the Korea 
Health Technology R&D Project through the Korea 
Health Industry Development Institute, funded by the 
Ministry of Health & Welfare, Republic of Korea (grant 
number: HQ20C0076), and by Eubiologics. The Ministry 
of Health & Welfare had no role in the study design, data 
collection, data analysis, data interpretation, or writing of 
the report. Staff at Eubiologics were involved in prepar-
ing and releasing the investigational product, coordinat-
ing contract research organizations, and assessing RBD 
antibody titers (Fig. 5).

Results
A randomized phase 2 trial was designed and carried out 
after enrolling 229 healthy adults. Participants received 
the initial vaccine or placebo injection between July 7 and 
August 24, 2021. The demographics of the participants is 
shown in Table 1, and in general, they were similar across 

Table 1  Participant baseline demographic characteristics

The race or ethnic group of all participants was Korean (Asian)

High-dose ECV19 Low-dose ECV19 Placebo
Characteristics: N 100 100 29

Sex
  Male: no. (%) 44 (44.0) 62 (62.0) 18 (62.1)

  Female: no. (%) 56 (56.0) 38 (38.0) 11 (37.9)

Age years (y)

  All (19–67 y): 
mean (SD)

40.8 (12.5) 42.0 (13.1) 39.6 (10.9)

  19–34 y: no. (%) 29 (29.0) 36 (36.0) 11 (37.9)

  35–64 y: no. (%) 69 (69.0) 62 (62.0) 18 (62.1)

  65–67 y: no. (%) 2 (2.0) 2 (2.0) 0 (0.0)

BMI: mean (SD) 23.8 (2.8) 23.8 (3.0) 22.8 (2.6)
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the groups, except for the male to female ratio between 
high- and low-dose ECV-19 groups, which was barely 
significant (p = 0.0474 by Fisher’s exact test with Bon-
ferroni correction). The mean age of participants was 
between approximately 40–42 years in age, with a stand-
ard deviation of 11–13  years. All participants were eth-
nic Korean (Asian). The body mass average of the various 
groups ranged from 23 to 24.

As shown in Fig.  1, 100 volunteers were allocated 
to the low-dose group of ECV19 (10  μg of RBD, 10  μg 
EcML, and 20  μg CoPoP), another 100 were allocated 
to the high-dose group (20 μg of RBD, 20 μg EcML and 
40 μg CoPoP), and 29 were allocated to receive a saline 
placebo injection. Participants received intramuscular 
vaccine injections on day 0 and day 21. All 229 partici-
pants were included in the safety analysis. Two hundred 
twenty-three participants were included in the immuno-
genicity analysis. Three participants were excluded from 
subsequent immunogenicity analysis since their final 
serum collection occurred on days outside the permissi-
ble limit of one week following the day 42 collection time 
point. Two participants withdrew consent after the first 
injection. There was one fatality in the low-dose ECV19 
group in a participant 19  days after the 2nd dose. The 
participant was found to have underlying hyperlipidemia, 
and based on cardiovascular angiography, arteriosclero-
sis was determined to be the underlying cause, and not 
vaccination-induced ischemia. The clinical investigator 
determined this severe adverse event was unrelated to 
the investigational product and the independent Data 
and Safety Monitoring Board concurred with the investi-
gator opinion after reviewing all safety data, determining 
it did not match criteria for study discontinuation.

Solicited adverse events were recorded among all par-
ticipants. No immediate adverse events (within 30  min 
of immunization) occurred during the study. As shown 
in Fig. 2, local adverse events were frequently observed. 
Tenderness and pain at the injection site was observed in 
the majority of participants and at a higher rate in par-
ticipants receiving ECV19 compared to placebo. These 
were classified mostly as grade 1, along with a smaller 
number of grade 2 adverse events. The incidence of 
other local reactions including pruritus, erythema, and 
induration/swelling was less common. In all groups, 
most local adverse events resolved within 2  days, and 
all grade 2 adverse events fully resolved within 6  days. 
In the high-dose ECV19 group, following boosting, all 
grade 2 adverse events fully resolved within 2 days. Two 
grade 3 local reactions were recorded in two different 
participants, both in the low-dose ECV19 group, after 
the 2nd injection. One was grade 3 pruritus which fully 
resolved after 1 day, and the other was tenderness, which 
improved to grade 2 after 1 day and fully resolved after 
2 days. All solicited grade 3 adverse events resolved with-
out intervention. No solicited laboratory (blood count 
and chemistry) adverse events were observed. There 
were no increased solicited local adverse events follow-
ing boosting, relative to the initial immunization, and to 
the contrary, adverse events trended towards diminished 
frequency.

Solicited systemic adverse events were also examined. 
As shown in Fig.  3, systemic adverse events were not 
as common as local ones, occurring in less than 60% 
of participants overall. The most common solicited 
adverse events in participants receiving ECV19 as well 
as the placebo were low grade fatigue/malaise, myalgia, 

Fig. 1  ECV19 clinical trial design
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and headaches. Other adverse events including chills/
rigors, diarrhea, cough, abdominal pain, and arthralgia 
occurred with diminished frequency. Other systemic 
adverse events occurred only in a one or two partici-
pants included respiratory distress, fever, bronchos-
pasm, vomiting, and mucocutaneous reaction/rash. 
Most solicited systemic adverse events were grade 1 

and to a lesser degree grade 2, and most resolved within 
2 days. All grade 2 adverse events fully resolved within 
6  days. There were three grade 3 solicited adverse 
events all of which occurred after the initial immuni-
zation and all in the low-dose ECV19 group. One was 
grade 3 diarrhea in the low-dose ECV-19 group which 
occurred on the day after immunization and resolved 

Fig. 2  Summary of local adverse events in the trial participants. Participants in indicated group experiencing indicated adverse events are shown. 
Asterisks show statistical difference between placebo arm based on Fisher’s exact test with Bonferroni correction (***p < 0.001)

Fig. 3  Summary of systemic adverse events in the trial participants. Participants in indicated group experiencing indicated adverse events are 
shown. Asterisks show statistical difference between placebo arm based on Fisher’s exact test with Bonferroni correction (*p < 0.05; **p < 0.01; 
***p < 0.001)
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by the next day. The next was grade 3 fatigue/malaise 
that onset a day after immunization and decreased to 
grade 2 by the next day and to grade 1 2 days after that. 
No other adverse reactions to the vaccine occurred in 
that participant. The third was grade 3 myalgia that 
occurred on the same day of immunization and was 
downgraded to grade 1 by the next day. Similar to the 
local adverse events, systemic ones also did not increase 
following boosting, relative to the initial immuniza-
tion, and appeared to trend lower. No solicited grade 3 
adverse events occurred following the 2nd dose.

The immunogenicity of ECV19 was assessed by serum 
antibody analysis, as shown in Fig. 4A. Although ECV19 
utilizes only the RBD antigen, a qualified ELISA method 
was used to detect IgG antibodies against an indepen-
dently-produced trimeric Spike ectodomain protein. 
Twenty-one days following initial immunization with 
low- or high-dose ECV19, elevated Spike antibodies 
were observed with geometric mean Spike antibody lev-
els (anti-S IgG titer) rising from less than 1 BAU/mL to 
7 and 17 BAU/mL, respectively. Following boosting, geo-
metric mean anti-S IgG titers further increased to 211 
and 590 BAU/mL in low- and high-dose ECV19, respec-
tively, while the placebo group remained below 1 BAU/
mL. Statistical analysis showed after following the 2nd 
injection, low-dose ECV19 had greater antibody levels 
relative to placebo and that high-dose ECV19 induced 
more antibodies compared to low-dose ECV19. There 

was also a significant increase in antibody levels between 
the 1st and 2nd ECV19 vaccine injection (Additional 
file  1: Figure S2). There were no significant differences 
in anti-Spike antibody levels between the 5 different trial 
sites (Additional file 1: Figure S3).

Induced antibodies were able to neutralize the Wuhan 
strain of SARS-CoV-2, based on FRNT as shown in 
Fig.  4B. At day 21, there was a significant increase in 
neutralizing activity only in the high-dose ECV-19 
group, where geometric mean FRNT50 value reached 
21, from the baseline value of 12. Following boosting, 
participants in both low- and high-dose ECV19 groups 
had significantly increased FRNT values, rising to geo-
metric mean levels of 129 and 316, respectively. There 
was a significant difference between the placebo and 
low- and high-dose ECV19 groups for the neutralizing 
antibody titer on day 42.

When the impact of age (19–34 year vs. older groups) 
and sex on immunogenicity was evaluated, while there 
was no significant difference by age, female showed sig-
nificant higher anti-S IgG titer (both on days 21 and 42) 
and FRNT50 values (day 42) than male (Additional file 1: 
Figure S4).

Next, anti-RBD IgG titers were measured for day 42 
sera. The titers for both high- and low-dose ECV19 
correlated well with the corresponding anti-S IgG 
titers (Fig.  5A). Likewise, there was general correlation 

Fig. 4  Induction of neutralizing antibodies by ECV19. A Anti-Spike (S) IgG titers and B FRNT neutralization of SARS-CoV-2 of serum sampled from 
participants in the indicated groups at the indicated time point. N = 27 for placebo, 96 for low-dose ECV19 and 100 for high-dose ECV19. Bars show 
geometric mean values within groups. Indicated **** and ** correspond to p values of < 0.0001 and < 0.01, respectively



Page 8 of 11Lovell et al. BMC Medicine          (2022) 20:462 

between anti-RBD IgG titers and neutralizing antibody 
titers (Fig. 5B).

Additional exploratory analysis was carried out with 
the antibodies induced by ECV19. For the analysis, serum 
samples (n = 45) from the Eunpyeong St. Mary’s Hospi-
tal site were utilized. Given that only the RBD is used as 
the immunogen for EVC19, the RBD to Spike antibody 
ratio would be expected to be higher compared to other 
vaccines using Spike as an immunogen. Using commer-
cially available post-immune sera from the Pfizer mRNA 
vaccine and the Johnson & Johnson (JnJ) vaccine, it was 
apparent that ECV19 induced a substantially higher pro-
portion of anti-RBD antibodies when plotted as a func-
tion of the anti-S antibody level (Additional file 1: Figure 
S5). This is not surprising considering the only antigenic 
component of ECV19 is the RBD, whereas the JnJ and 

Pfizer vaccine’s antigen is the entire Spike (of which the 
RBD only comprises ~ 15% of the total Spike length).

Exploratory T cell analysis was also carried out with a 
subset of participant samples (Additional file  1: Figure 
S6). Although this analysis was limited to n = 7 in the 
placebo group, n = 17 in the low-dose ECV19 group, and 
n = 21 in the high-dose ECV19 group, there was a sig-
nificant difference between placebo group (median = 0 
SFU per 105 cells) and high-dose group (median = 44) 
for IFN-γ responses (p = 0.021) on day 42. While IL-4 
response in high-dose group (median = 24) was also 
higher than that for placebo group (median = 8) on day 
42, the difference did not reach significance. There was 
no significant difference between placebo and low-dose 
groups for either IFN-γ or IL-4 responses.

The RBD of ECV19 contains a six-residue histidine tag. 
We developed an assay to assess anti-his-tag response 

Fig. 5  Antibody correlation analysis. A Anti-S IgG titer correlation with anti-RBD antibody levels. B Anti-RBD IgG titer correlation with neutralizing 
antibody levels. The best-fit line, R2 and p value for each panel were determined by a Pearson test using log-transformed data
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based on a chimeric anti-his tag antibody with mouse 
variable region and human constant region. When pre-
immune sera from the  high-dose group (n = 21) were 
tested at 1:200 dilution, the OD values in ECV19 immu-
nized subjects were lower than that at 4  ng/mL of the 
chimeric antibody, which was barely above background 
signal of assay (Additional file  1: Figure S7). Similarly, 
post-immune sera from the same 21 vaccinees showed 
lower OD values than that at 4  ng/mL of the chimeric 
antibody.

Subclass analysis of ECV19 sera of the high-dose 
ECV19 group showed that IgG1 antibodies dominated 
the response and indeed were the only detectable anti-
bodies (Additional file 1: Figure S8) when the assay was 
conducted with dilution to 2 anti-RBD BAU/mL total 
antibody level.

Since ECV19 entered clinical testing, multiple waves of 
variants have emerged, notably the Delta and Omicron 
waves. The ability of ECV19 post-immune sera to neu-
tralize those variants of concern was assessed in a micro-
neutralization assay. Against the parent Wuhan strain, 
FRNT and microneutralization titers correlated well 
(Additional file  1: Figure S9A, p < 0.0001). In the assay 
conditions, ECV19 induced comparable neutralizing 
antibodies to the parental strain (geometric mean titer of 
117) and Delta strain (geometric mean of 171, p = 0.86), 
Additional file 1: Figure S9B). On the other hand, neutral-
ization of Omicron was substantially diminished com-
pared to either of the other two strains (geometric mean 
of 24, p < 0.0001).

Discussion
The design of COVID-19 vaccines and clinical trials is 
rapidly evolving in face of pre-existing vaccination, wide-
spread infection, and new variants. The interim portion 
of this phase 2 trial evaluation of ECV19 was carried 
out in South Korea between July and October 2021. 
Six-month and 12-month follow-up safety and immu-
nogenicity analysis is pending and is not reported here. 
At the time of immunization and initial sera collection 
(which forms the basis of the analysis reported here), 
South Korea had a relatively low cumulative SARS-CoV-2 
infection rate of ~ 0.5% (compared to a year later, when 
the cumulative infection rate reached 40%) [17].

Overall, the solicited adverse events of ECV19 were 
not particularly unusual and the vaccine was generally 
well-tolerated. Both high-dose and low-dose ECV19 
solicited more low-grade injection site pain and tender-
ness (local) and low-grade myalgia (only after 1st dose, 
systemic) adverse events than the placebo group. Those 
were the only solicited adverse events that were signifi-
cantly more frequent in the vaccine groups relative to the 
placebo arm. Local adverse events were more common 

than systemic ones. Most adverse events resolved within 
a couple of days. A recent meta-analysis of adverse events 
in two-dose COVID-19 vaccines (including mRNA-, 
protein-, and vector-based vaccines) and their placebos 
was reported, along with associated confidence intervals 
(CI) [18]. For the placebo group, the percentage of par-
ticipants experiencing any local AE was reported as 16.2 
(95% CI: 11.3 to 21.1) and 11.8 (95% CI: 6.6 to 17.1) after 
first and second doses, respectively, and those for any 
systemic AE was 35.2 (95% CI: 26.7 to 43.7) and 31.8 (95% 
CI: 28.7 to 35.0). As expected, the vaccine group experi-
enced more AE overall; the percentage of any local AE 
was 66.7 (95% CI: 53.2 to 80.3) after 1st and 72.8 (95% CI: 
57.4 to 88.2) after 2nd doses, and that for any systemic 
AE was 46.3 (95% CI: 38.2 to 54.3) after 1st and 61.4 
(95% CI: 47.4 to 75.4) after 2nd doses. In general, those 
numbers were similar to the proportions of AEs seen in 
this ECV19 study for any combination of the placebo 
or either vaccine arm, after first or second injection, for 
local or systemic adverse events. However, in this study, 
adverse events were not higher with the second ECV19 
injection, which bodes well for future possibilities of mul-
tiple boosting shots with this vaccine platform technol-
ogy. One limitation of this study is that how the various 
components of ECV19 (e.g., EcML, RBD, CoPoP, other 
lipids, etc.) individually contributed to the solicitation of 
adverse events was not assessed.

ECV19 induced strong RBD-specific immune 
responses. Serological analysis revealed dose-dependent 
and boosting-dependent antibody responses among both 
high- and low-dose ECV19 groups. Although an obvious 
increase in antigen-specific antibodies occurred follow-
ing boosting, it should be noted that there was no control 
group that received a single vaccine injection; there-
fore, it is not possible to rule out that antibodies may 
have increased from day 21 to day 42 without the boost. 
The use of the compact RBD antigen led to an immune 
response that focused antibody response specifically on 
the RBD more so than whole Spike vaccines. RBD anti-
body levels correlated with whole Spike antibodies and 
virus neutralization. T cell responses assessed with a 
subset group revealed that the high-dose ECV19 induced 
significant higher IFN- γ responses with IL-4 responses 
trending higher. A further study with a larger sample size 
is required to fully assess the cellular immunity induced 
by ECV19 vaccine.

As is the case with COVID-19 vaccine development, it 
is difficult for vaccine design to keep up with emergent 
strains. ECV19 was designed and the trial approved prior 
to the emergence of SARS-CoV-2 variants, including the 
Delta and Omicron strains, the latter which features a 
highly mutated RBD. Cursory examination of a subset of 
the trial samples showed that ECV19 post-immune sera 
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maintained comparable neutralization efficacy against 
Delta, but Omicron levels were approximately sixfold 
lower, which is consistent with the literature values for 
Omicron [19]. In the future, ECV19 could be updated to 
better match the RBD of the current circulating SARS-
CoV-2 strain. This should be feasible since the second 
dose was well-tolerated, showing no escalation in adverse 
events upon boosting. Furthermore, the liposome scaf-
fold itself is protein-free and antibodies against the short 
his-tag were not detected. The performance of ECV19 
in phase 3 trials now being carried out, along with the 
variant landscape once those results are available, could 
influence whether an Omicron-specific booster would be 
developed in the future.

Several limitations of this study should be noted. The 
ratio of females was higher in the high-dose ECV19 
group compared to the low-dose ECV19 group. Based on 
meta-analysis studies, in the case of COVID-19 vaccines, 
women tend to show the same or slightly better vaccine 
efficacy than men and also report more adverse reactions 
[20–22]. This study also showed higher immunogenic-
ity in females than male; thus, a part of higher titers in 
high-dose ECV19 group compared to low-dose group 
might partially be explained by the different sex ratio 
(although there were significant differences in immu-
nogenicity between high- and low-dose groups in each 
sex on day 42). For the adverse reactions, since overall 
adverse events of this study were low grade and tenta-
tive, we did not further investigate sex differences, which 
will be better evaluated in a larger phase 3 study. Another 
limitation of this study report is that it is only an interim 
analysis and immunogenicity was only assessed until the 
day 42 time point. Further serum collection and analysis 
is planned at the 6- and 12-month follow-up and will be 
interesting to determine how antibody ELISA and FRNT 
values change in that period. Finally, T cell responses 
were evaluated only from a limited subset of volunteers, 
although cellular immunity also plays an important role 
against SARS-CoV-2.

Conclusions
ECV19 represents a novel vaccine technology that 
involves antigen display on the surface of immunogenic 
liposomes. This is enabled by combining EcML and 
CoPoP liposomal technologies. As such, it is significant 
that this phase 2 clinical trial demonstrated that ECV19 
was well-tolerated and induced functional antibodies 
in a dose- and boosting-specific manner. No increased 
adverse events at the boosting immunization suggest 
potential compatibility for incorporation into future 
multi-injection boosting regimes. An ongoing phase 
3 trial (ClinicalTrials.Gov Identifier: NCT05572879) 

should provide further insight into the efficacy of this 
unique nanoparticle-based vaccine approach.

Abbreviations
AE: Adverse event; BAU: Binding antibody unit; CI: Confidence interval; COVID-
19: Coronavirus disease 2019; CoPoP: Cobalt porphyrin-phospholipid; EcML: 
Escherichia Coli-produced monophosphoryl lipid A; ECV19: EuCorVac-19; ELISA: 
Enzyme-linked immunosorbent assay; FRNT: Focus reduction neutralization 
test; IFNγ: Interferon-gamma; IgG: Immunoglobulin G; IL-4: Interleukin-4; 
IWRS: Interactive Web Response System; MNA: Microneutralization assay; 
mRNA: Messenger ribonucleic acid; PBMC: Peripheral blood mononuclear cell; 
RBD: Receptor-binding domain; S: Spike; SARS-CoV-2: Severe acute respira‑
tory syndrome coronavirus 2; SFC: Spot forming cells; WHO: World Health 
Organization.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​022-​02661-1.

Additional file 1: Table S1. Exclusion criteria. Table S2. Schedule of 
safety and immunological assessment. Fig S1. RBD antigen used. Fig S2. 
Induction of neutralizing antibodies by ECV19. Fig S3. Immunogenicity 
by site comparison. Fig S4. Effect of age and sex on immunogenicity. Fig 
S5. Anti-RBD ratio of ECV19 compared to other vaccines. Fig S6. Antigen 
specific T cell response. Fig S7. EVC19 did not induce detectable level of 
anti-His antibody responses. Fig S8. Subclass analysis. Fig S9. Impact of 
ECV19 on variants of concern.

Additional file 2. Clinical protocol.

Acknowledgements
The authors acknowledge Jooyoung Park, Daye Jung, Young Jin Lee, and 
Seokkyu “Kyu” Kim of Eubiologics for their contributions. The assays conducted 
at LMVR/NIAID were supported by the intramural program of NIAID.

Authors’ contributions
Writing: JFL, KM; data visualization: JFL, KM, W-CH; conceptualization: YOB, SKC; 
methodology and investigation: CKL, JYL, Y-SP, S-JW, SHS, J-OK, MS, C-JK, J-KC, 
JK, EJC, J-HC. The authors read and approved the final manuscript.

Funding
The South Korean Ministry of Health & Welfare and Eubiologics.

Availability of data and materials
All data are available from the authors upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved in South Korea by the Korea Ministry of Food 
and Drug Safety (approval #33475) and Institutional Review Board at 5 
sites; Catholic University of Korea, Eunpyeong St. Mary’s Hospital (approval 
#PC21BDDF0015), Soonchunhyang University Bucheon Hospital (approval 
#SCHBC 2021–03-017), Hanyang University College of Medicine (approval 
#GURI 2021–03-044), Catholic University of Korea, Bucheon St. Mary’s Hospital 
(approval #HC21BDDS0027), and Ewha Womans University Seoul Hospital 
(approval #SEUMC 2021–03-038). The study was registered with ClinicalTrials.
gov (NCT04783311).

Consent for publication
Written informed consent was obtained from all participants.

Competing interests
J.F.L. holds interest in POP Biotechnologies. W.-C. H. holds interest in and is an 
employee of POP Biotechnologies. Y.O. B., S. K. C., C. L., hold interest in and are 
employees of Eubiologics. J. Y. L. is an employee of Eubiologics.

https://doi.org/10.1186/s12916-022-02661-1
https://doi.org/10.1186/s12916-022-02661-1


Page 11 of 11Lovell et al. BMC Medicine          (2022) 20:462 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Author details
1 Department of Biomedical Engineering, University at Buffalo, Buffalo, NY, 
USA. 2 Eubiologics, R&D Center, EuBiologics Co., Ltd., Chuncheon, South 
Korea. 3 National Institute of Allergy and Infectious Diseases, National Insti‑
tutes of Health, Rockville, MD, USA. 4 POP Biotechnologies, Buffalo, NY, USA. 
5 International Vaccine Institute, Gwanak‑Gu, Seoul, South Korea. 6 Department 
of Internal Medicine, Ewha Womans University Seoul Hospital, Seoul, South 
Korea. 7 Catholic University of Korea, Bucheon St. Mary’s Hospital, Bucheon, 
South Korea. 8 Hanyang University College of Medicine, Seoul, South Korea. 
9 Soonchunhyang University Bucheon Hospital, Bucheon, South Korea. 
10 Department of Infectious Diseases, College of Medicine, Eunpyeong St. 
Mary’s Hospital, The Catholic University of Korea, Seoul, South Korea. 

Received: 29 September 2022   Accepted: 14 November 2022

References
	1.	 Wang H, Paulson KR, Pease SA, Watson S, Comfort H, Zheng P, et al. 

Estimating excess mortality due to the COVID-19 pandemic: a 
systematic analysis of COVID-19-related mortality, 2020–21. Lancet. 
2022;399:1513–36.

	2.	 Dubey A, Choudhary S, Kumar P, Tomar S. Emerging SARS-CoV-2 variants: 
genetic variability and clinical implications. Curr Microbiol. 2021;79:20.

	3.	 Mabrouk MT, Huang WC, Martinez-Sobrido L, Lovell JF. Advanced materi‑
als for SARS-CoV-2 vaccines. Adv Mater. 2022;34:e2107781.

	4.	 Gerke CE, Pulverer B, Sansonetti PJ. COVID-19 vaccination, time for a 
second breath? EMBO Mol Med. 2022;14:e15810.

	5.	 Kleanthous H, Silverman JM, Makar KW, Yoon I-K, Jackson N, Vaughn DW. 
Scientific rationale for developing potent RBD-based vaccines targeting 
COVID-19. npj Vaccines. 2021;6:128.

	6.	 Zhang J, Hu Z, He J, Liao Y, Li Y, Pei R, et al. Safety and immunogenicity of 
a recombinant interferon-armed RBD dimer vaccine (V-01) for COVID-19 
in healthy adults: a randomized, double-blind, placebo-controlled, phase 
I trial. Emerg Microbes Infect. 2021;10:1589–97.

	7.	 Pérez-Rodríguez S, de la Caridad Rodríguez-González M, Ochoa-Azze R, 
Climent-Ruiz Y, Alberto González-Delgado C, Paredes-Moreno B, et al. 
A randomized, double-blind phase I clinical trial of two recombinant 
dimeric RBD COVID-19 vaccine candidates: safety, reactogenicity and 
immunogenicity. Vaccine. 2022;40:2068–75.

	8.	 Arunachalam PS, Walls AC, Golden N, Atyeo C, Fischinger S, Li C, et al. 
Adjuvanting a subunit COVID-19 vaccine to induce protective immunity. 
Nature. 2021;594:253–8.

	9.	 Ji Y, An J, Hwang D, Ha DH, Lim SM, Lee C, et al. Metabolic engineering of 
Escherichia coli to produce a monophosphoryl lipid A adjuvant. Metab 
Eng. 2020;57:193–202.

	10.	 Huang WC, Zhou S, He X, Chiem K, Mabrouk MT, Nissly RH, et al. SARS-
CoV-2 RBD neutralizing antibody induction is enhanced by particulate 
vaccination. Adv Mater. 2020;32:e2005637.

	11.	 MFDS. Guidelines for the assessment of severity of adverse events in vac‑
cine trials. Guideline document.

	12.	 MFDS. Considerations in COVID-19 vaccines development. Guideline 
document.

	13.	 Tebas P, Yang S, Boyer JD, Reuschel EL, Patel A, Christensen-Quick A, 
et al. Safety and immunogenicity of INO-4800 DNA vaccine against 
SARS-CoV-2: a preliminary report of an open-label, Phase 1 clinical trial. 
EClinicalMedicine. 2021;31:100689.

	14.	 Ahn JY, Lee J, Suh YS, Song YG, Choi YJ, Lee KH, et al. Safety and immu‑
nogenicity of two recombinant DNA COVID-19 vaccines containing 
the coding regions of the spike or spike and nucleocapsid proteins: an 
interim analysis of two open-label, non-randomised, phase 1 trials in 
healthy adults. Lancet Microbe. 2022;3:e173–83.

	15.	 Richmond PC, Hatchuel L, Pacciarini F, Hu B, Smolenov I, Li P, et al. 
Persistence of the immune responses and cross-neutralizing activity with 
Variants of Concern following two doses of adjuvanted SCB-2019 COVID-
19 vaccine. J Infect Dis. 2021;224:1699–706.

	16.	 Miura K, Orcutt AC, Muratova OV, Miller LH, Saul A, Long CA. Develop‑
ment and characterization of a standardized ELISA including a reference 
serum on each plate to detect antibodies induced by experimental 
malaria vaccines. Vaccine. 2008;26:193–200.

	17.	 https://​ourwo​rldin​data.​org/​coron​avirus/​count​ry/​south-​korea, 
Accessed 14 Nov 2022.

	18.	 Haas JW, Bender FL, Ballou S, Kelley JM, Wilhelm M, Miller FG, et al. 
Frequency of adverse events in the placebo arms of COVID-19 vac‑
cine trials: a systematic review and meta-analysis. JAMA Netw Open. 
2022;5:e2143955.

	19	 Garcia-Beltran WF, St. Denis KJ, Hoelzemer A, Lam EC, Nitido AD, Sheehan 
ML, et al. mRNA-based COVID-19 vaccine boosters induce neutralizing 
immunity against SARS-CoV-2 Omicron variant. Cell. 2022;185:457-66.e4.

	20.	 Vassallo A, Shajahan S, Harris K, Hallam L, Hockham C, Womersley K, et al. 
Sex and gender in COVID-19 vaccine research: substantial evidence gaps 
remain. Front Glob Womens Health. 2021;2:761511.

	21.	 Jensen A, Stromme M, Moyassari S, Chadha AS, Tartaglia MC, Szoeke 
C, et al. COVID-19 vaccines: considering sex differences in efficacy and 
safety. Contemp Clin Trials. 2022;115:106700.

	22.	 de Vries ST, Starokozhko V, Schellens IMM, Wijnans L, Enzmann H, Cavaleri 
M, et al. Attention for sex in COVID-19 trials: a review of regulatory dossi‑
ers. BMJ Glob Health. 2022;7:e008173.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://ourworldindata.org/coronavirus/country/south-korea

	Interim analysis from a phase 2 randomized trial of EuCorVac-19: a recombinant protein SARS-CoV-2 RBD nanoliposome vaccine
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Study design and participants
	Randomization and masking
	Investigational product
	Clinical procedures
	Assessment of antibodies at the International Vaccine Institute (IVI)
	Assessment of virus neutralization by microneutralization assay (MNA)
	Assessment of RBD antibodies
	Assessment of cellular response for a subset of samples from Eunpyeong St. Mary’s Hospital
	Assessment of anti-S, anti-RBD, IgG subclass (anti-RBD) and anti-his-tag responses for a subset of samples from Eunpyeong St. Mary’s Hospital
	Statistical analyses
	Role of funding source

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


