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Session: P-25. COVID-19 Vaccines

Background.  The ongoing COVID-19 pandemic has thus far resulted in substan-
tial worldwide mortality. As of November 2020, COVID-19 vaccines became available 
following Emergency Use Authorization (EUA) issued by the FDA. Recent longitu-
dinal studies published as of March 2021 demonstrated that vaccine hesitancy remains 
high despite improvements compared to 2020. This study sought to explore the percep-
tions, beliefs, attitudes, and knowledge surrounding COVID-19 and identify determi-
nants uniquely associated with vaccine hesitancy. 

Methods.  A cross-sectional electronic survey was created based on CDC & IDSA 
recommendations. The survey was distributed from March 2021 until June 2021 randomly 
to faculty members, healthcare workers, and students (≥18 years old) across 3 major aca-
demic centers (Case Western Reserve University, Spectrum Health, and the American 
University of Beirut Medical Center [AUBMC]). Data collected included socio-economic 
characteristics, demographics, knowledge, and attitudes pertaining to COVID-19 and vac-
cination. A multivariable regression model was utilized to evaluate for independent asso-
ciations between variables and vaccination willingness/hesitancy as the primary outcome.

Results.  In total, 7,197 participants completed the survey with an overall re-
sponse rate of 94%. Females constituted 75.7% of the study population. Overall, 
87.8% of the study cohort indicated willingness to get vaccinated. Factors asso-
ciated independently with vaccination hesitancy included: younger age, lower 
attained education, lower knowledge score, physician recommendation against 
vaccination, not receiving the influenza vaccine annually, and other beliefs and 
attitudes as reported in table 1. 

Table 1.  Independent predictors of COVID-19 vaccine hesitancy among study 
respondents

Conclusion.  Most survey respondents indicated willingness to receive 
COVID-19 vaccination. The perception or belief that vaccination is more harmful 
than COVID-19 disease represented an especially robust barrier against vaccin-
ation. Since recommendations made by healthcare providers were strongly associ-
ated with either vaccination hesitancy or willingness to get vaccinated, developing 
educational strategies at this level could enhance vaccine acceptance in an effort to 
curb the pandemic.
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Background.  Although multiple COVID-19 vaccines are currently in use, emer-
gence of novel SARS-CoV-2 variants with reduced neutralization raises concern of fu-
ture vaccine escape. COVI-VAC™ is a live attenuated SARS-CoV-2 strain based on WA/1 
being developed as an intranasal COVID-19 vaccine. COVI-VAC is attenuated through 
removal of the furin cleavage site and introduction of 283 silent, deoptimizing mutations 
that maintain viral amino acid sequence but slow viral replication in vivo by up to 5 logs. 
Notably, COVI-VAC presents all viral antigens in their native conformation and is not 
limited to spike. COVI-VAC demonstrated attenuation, immunogenicity and single dose 
protection in both the Syrian golden hamster and non-human primate models and cur-
rently in Phase 1 clinical trials. In this study, we evaluated efficacy of COVI-VAC against 
challenge with the Beta/B.1.351 variant in Syrian golden hamsters.

Methods.  Syrian golden hamsters, 7-10 weeks of age were, vaccinated intra-
nasally with 8.25x104 PFU COVI-VAC (n=28) or vehicle control (n=16). Twenty 
seven days post-vaccination, animals were challenged intranasally with 3x104 PFU 
of wildtype (WT) SARS-CoV-2 Beta. Animals were weighed daily. Further ana-
lysis is being conducted with serum and key tissues from pre and post challenge 
timepoints to include neutralizing antibody, biodistribution (subgenomic qPCR) 
and histopathology. 

Results.  COVI-VAC prevented weight loss following challenge with the heterol-
ogous variant of SARS-CoV-2, B.1.351/Beta (Figure). Results of additional analyses 
will be available before the IDWeek meeting.

Change in Weight following SARS-CoV-2 Beta Challenge

Conclusion.  COVI-VAC is protective against heterologous challenge with SARS-
CoV-2 Beta. By presenting all viral antigens, COVI-VAC may be less affected by viral 
evolution than spike-based vaccines.
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Background.  Global surveillance has identified emerging SARS-CoV-2 variants 
of concern (VOC) associated with increased transmissibility, disease severity, and 
resistance to neutralization by current vaccines under emergency use authorization 
(EUA). Here we assessed cross-immune responses of INO-4800 vaccinated subjects 
against SARS-CoV-2 VOCs. 

Methods.  We used a SARS-CoV-2 IgG ELISA and a pseudo neutralization assay 
to assess humoral responses, and an IFNγ ELISpot to measure cellular responses 
against SARS-CoV-2 VOC in subjects immunized with the DNA vaccine, INO-4800. 

Results.  IgG binding titers were not impacted between wild-type (WT) and 
B.1.1.7 or B.1.351 variants. An average 1.9-fold reduction was observed for the P.1 
variant in subjects tested at week 8 after receiving two doses of INO-4800 (Figure 1a). 
We performed a SARS-CoV-2 pseudovirus neutralization assay using sera collected 
from 13 subjects two weeks after administration of a third dose of either 0.5  mg, 
1 mg, or 2 mg of INO-4800. Neutralization was detected against WT and the emerg-
ing variants in all samples tested. The mean ID50 titers for the WT, B.1.1.7, B.1.351 
and P.1. were 643 (range: 70-729), 295 (range: 46-886), 105 (range: 25-309), and 664 
(range: 25-2087), respectively. Compared to WT, there was a 2.1 and 6.9-fold reduc-
tion for B.1.1.7 and B.1.351, respectively, while there was no difference between WT 
and the P.1 variant (Figure 1b). Next, we compared cellular immune responses to 
WT and SARS-CoV-2 Spike variants elicited by INO-4800 vaccination. We observed 
similar cellular responses to WT (median = 82.2 IQR = 58.9-205.3), B.1.1.7 (79.4, 
IQR = 38.9- 179.7), B.1.351 (80, IQR = 40.0-208.6) and P.1 (78.3, IQR = 53.1-177.8) 
Spike peptides (Figure 2). 
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Conclusion.  INO-4800 vaccination induced neutralizing antibodies against all 
variants tested, with reduced levels detected against B.1.351. IFNγ T cell responses 
were fully maintained against all variants tested. 
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Background.  First-generation COVID-19 vaccines are matched to spike protein 
of the Wuhan-H1 (WT) strain. Convalescent and vaccinee samples show reduced neu-
tralization of SARS-CoV-2 variants of concern (VOC). Next generation DNA vaccines 
could be matched to single variants or synthetically designed for broader coverage of 
multiple VOCs.

Methods.  The synthetic consensus (SynCon®) sequence for INO-4802 SARS-
CoV-2 spike with focused RBD changes and dual proline mutations was codon-op-
timized (Figure 1). Sequences for wild-type (pWT) and B.1.351 (pB.1.351) were 
similarly optimized. Immunogenicity was evaluated in BALB/c mice. Pre-clinical ef-
ficacy was assessed in the Syrian Hamster model.

Figure 1. Design Strategy for INO-4802

Results.  INO-4802 induced potent neutralizing antibody responses against WT, 
B.1.1.7, P.1, and B.1.351 VOC in a murine model. pWT vaccinated animals showed a 
3-fold reduction in mean neutralizing ID50 for the B.1.351 pseudotyped virus. INO-
4802 immunized animals had significantly higher (p = 0.0408) neutralizing capacity 
(mean ID50 816.16). ID50 of pB.1.351 serum was reduced 7-fold for B.1.1.7 and sig-
nificantly lower (p  =  0.0068) than INO-4802 (317.44). INO-4802 neutralized WT 
(548.28) comparable to pWT. INO-4802 also neutralized P.1 (1026.6) (Figure 2). pWT, 
pB.1.351 or INO-4802 induced similar T-cell responses against all variants. INO-4802 
skewed towards a TH1-response. All hamsters vaccinated with INO-4802 or pB.1.351 
were protected from weight loss after B.1.351 live virus challenge. 4/6 pWT immu-
nized hamsters were completely protected. pWT immunized hamsters neutralized WT 
(1090) but not B.1.351 (39.16). INO-4802 neutralized both WT (672.2) and B.1.351 
(1121) (Figure 3). We observed higher increase of binding titers following heterologous 
boost with INO-4802 (3.6 – 4.4 log2-fold change) than homologous boost with pWT 
(2.0 – 2.4 log2 fold change) (Figure 4).

Figure 2. INO-4802 Induces Functional Humoral Immune Response Against SARS-
CoV-2 Variants of Concern

Figure 3. INO-4802 Protects Hamsters Against Challenge With B.1.351 Live Virus


