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Background

Influenza A has been detected in the Brazilian swine population and occasionally it causes zoonotic transmission
events, such as the HLN2v reported in 2015. Here we describe a series of zoonotic cases of Influenza A detected
in the southern Brazilian region (Parana State, PR) over an 18-month period. PR has the largest swine production
industry in the country.

Method

Nasopharyngeal samples were collected by the National Surveillance Program, viruses detected by real time RT-
PCR and genome sequencing was conducted for characterization and phylogenetic reconstruction. Enhanced local
epidemiological surveillance was also performed in the attempt to monitor possible Influenza variant clusters in the
human population.

Result

Up to 5 Influenza zoonotic events (swine-human) were reported in four different cities in PR. The first one occurred
in a slaughterhouse worker 22-year-old (y.o) initially notified as a COVID-19 suspected case in April 2020. It was
caused by an H1N2v, and the genomic constellation revealed a H1 associated to viruses from 2006-07
(A/Brisbane/59/2007-like), a N2 related strains from 1998 (A/Panama/2007/1999-like) and internal genes from
strains circulating in 2009-12 (A/California/7/2009-like). The second event occurred in Rebougas in November 2020
in a 4 y.o farm resident child and another HLIN2v strain was responsible for the case with a different origin of genes;
the H1 was related to H1IN1p from 2009-12 (A/California/7/2009-like). The third case reported was a 32 y.o man,
a resident of Toledo in February 2021 infected with an H1IN1pdmO9v, all genes related to 2009-12 H1N1p
(A/California/7/2009-like). The two last cases were related to each other and occurred in July 2021 in a mother 27
y.0 and her 10 y.o son, resident in rural area of Santa Helena. Both were infected with an H3N2v (H3 and N2 from
seasonal influenza H3N2 and internal genes internal genes from 2009-12 H1N1p (A/California/7/2009-like).
Despite systematic analysis of genomes from all Influenza A samples collected in the same period and region as
these variants, no additional variants were detected.

Conclusion

The diversity of variants found in PR State, reinforces the need to strengthen surveillance for Influenza animal-
human transmission events. PR is an example of the human sentinel units in areas near to swine production and
the maintenance of surveillance even during the COVID-19 pandemic, it helped the detection of these cases. The
fact that such variants continue to emerge even during the low levels of influenza circulation worldwide,
demonstrates the necessity of continuous surveillance of these viruses, with monitoring and timely assessment of
risks associated with the emergence of zoonotic influenza strains with pandemic potential.
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Background

Animals are reservoir hosts for a wide diversity of viruses that threaten human health, including influenza A viruses
(Orthomyxoviridae) and diverse coronaviruses (Coronaviridae). Since the initial outbreak of SARS-CoV-2, which
causes the COVID-19 pandemic, there have been numerous reports of animals becoming infected with the virus,
however, their role as new potential hosts for SARS-CoV-2 is still not clear. On the other hand, influenza A viruses
already are known to spread and cause respiratory disease in humans and in a wide range of animals, including
domestic and wild birds, pigs, horses, and dogs, with sporadic outbreaks in seals, whales, ferrets and cats.
Moreover, recently influenza A viruses were found in bats in Central and South America emphasizing the need of
constant surveillance of the virus. Thus, this study focused on the monitoring of possible infection in wild and
domestic animals by influenza A and SARS-CoV-2 in Brazil.

Method

Oral, rectal and/or nasal swabs were collected from wild and domestic animals in three different regions in Brazil:
North (Maranhdo State), Northeastern (Ceara State) and Southeastern (Rio de Janeiro State). Genetic material
was extracted from the biological samples collected, , and the samples were analyzed by real-time RT-PCR for
influenza A virus and SARS-CoV-2.

Result

Since January 2021 till May 2022, samples of swine (N = 200), dogs (67), cats (33), primates (Callithrix sp. 60),
marsupials (Didelphis aurita, 15), wild and synanthropic rodents (Mus musculus [1], Oligoryzomys sp. [2], Rattus
norvegicus [3], Rattus rattus [5]), and 615 bats (Emballonuridae [2], Molossidae [5], Noctilionidae [4],
Phyllostomidae [588], Vespertilionidae [16]) were collected and tested and none was found positive for influenza
A or SARS-CoV-2.

Conclusion

Although there is still a lot to learn about how SARS-CoV-2 affects different animal species, our results show that
tested animals are not easily infected with SARS-CoV-2 under natural conditions, and there is no evidence that
infected animals spread the virus to other animals or to people. The expansion of wild animal sampling is necessary
to understand their role in the epidemiology of SARS-CoV-2 and other potentially zoonotic pathogens, in natural
environments shared with humans. Systematic surveillance of influenza viruses in pigs and a variety of viruses in
bats is a key measure for pre-warning the emergence of the next pandemic.
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Background

The COVID-19 acute pandemic response phase has begun moving toward plans for sustained control and medium
to longer-term public health management. There is a pressing global need for a strategic framework for surveillance
of respiratory viruses of pandemic potential to enable countries to assess their surveillance objectives and prioritize
technical and financial investments in these surveillance systems. This will help assure that those respiratory
viruses can be resiliently detected and monitored on an ongoing basis, in a coordinated fashion at national and
supranational levels.

Method

We developed the evidence-base for a "mosaic" of complementary surveillance systems, each efficiently targeted
to best meet inter-pandemic early warning, monitoring and evaluation objectives. Country inputs on priority public
health objectives, surveillance systems used to meet those objectives, needed enhancements, and lessons learned
from the COVID-19 pandemic were gathered using regional surveys, online country-level surveys, focused country
discussions, regional country consultations. Consolidated results then served as the foundation for a WHO global
consultation in May 2022, with attendees from countries, WHO, and external partner and donor organizations

Result

A constellation of systems necessary to address early warning needs includes sensitive outbreak detection with
One Health coordination, strong interconnected clinical-epidemiological networks, and event-based outbreak
detection systems. Once circulating in human populations on a seasonal basis, sentinel integrated surveillance
approaches focused on "quality over quantity" are essential for monitoring viruses, as are strong non-sentinel
laboratory networks, both linked with genomic testing, where feasible. New approaches adopted during the COVID-
19 pandemic hold promise as important complements to existing surveillance systems; including participatory
surveillance, formalized clinical networks, and the continuation of systems to monitor health care capacities. There
is also a continued need for special studies and standardized outbreak investigations to meet key inter-pandemic
objectives, that are also ready for rapid use during emergencies or future pandemics.

Conclusion

This strategic framework will leverage existing global and regional surveillance guidance. Countries may use the
framework to (i) identify priority unmet surveillance objectives, and the systems to be used to meet those objectives;
(ii) prioritize needed surveillance enhancements during and after this pandemic; (iii) develop enhanced
implementation plans; (iv) strengthen coordination between surveillance systems to enhance response; and (v)
prioritise local and international partner technical assistance and investments.
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Background

The Global Influenza Surveillance and Response System (GISRS) recommends the integration of SARS-CoV-2
into influenza sentinel surveillance systems globally. In line with this, the Ghana National Influenza Center (Ghana-
NIC), intiated combined detection of SARS-CoV-2 infections. We report on the co-circulation of influenza viruses
and SARS-CoV-2 in Ghana in 2021

Method

Outpatients and inpatients meeting the WHO case definitions for respiratory iliness from 29 influenza sentinel sites
in public health facilities between January 4, 2021 and December 23, 2021 formed the study population and
provided respiratory samples. These respiratory samples were processed at the Ghana-NIC for the detection of
influenza/SARS-CoV-2 viruses using polymerase chain reaction multiplex primers/probes and assays provided by
the United States Centres for Disease Control and Prevention (US-CDC). The results enabled the determination
of rates of influenza and SARS-CoV-2 infection among patients with respiratory illness.

Result

Over the reporting period, a total of 4,022 samples were processed; 3,547 outpatient and 475 inpatients. Influenza
and SARS-CoV-2 were detected in 11% (438/4022) and 22% (858/4022) of all samples processed, respectively.
Of the influenza positives, 80% were A(H1N1)pdm09. Coinfections of Influenza and SARS-CoV-2 were detected
in 0.40% (14/3547) of outpatients and 0.42% (2/475) of inpatients. Influenza and SARS-CoV-2 were more
commonly detected in males than in females, as well as in individuals aged 25 to 44 years.

Conclusion

The presence of dual infections of influenza and SARS-CoV-2 indicate the value of simultaneous investigation of
multiple pathogens. These findings show the effectiveness of integrating surveillance for respiratory illness for
enhanced and targeted public health interventions such as case detection, management and immunization.
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Background

Obesity belongs to one of the independent risk factors of severe COVID-19 outcome. In this study, we aimed to
elucidate the role of adipose tissue in SARS-CoV-2 infection.

Method

We analyzed autopsy-derived adipose tissue samples from deceased COVID-19 patients. Infection experiments
with SARS-CoV-2 were performed in human stem cell-derived adipocytes. Metabolomic studies were performed
in plasma of SARS-CoV-2 infected Syrian golden hamsters as well as in COVID-19 patients.

Result

SARS-CoV-2 RNA was detected in 10 out of 19 male individuals in at least one adipose tissue sample analyzed.
Viral RNA in adipose tissue was only found in overweight or obese males (BMI = 25). This correlation was not seen
in samples of female individuals (n=12). Infection experiments in human stem cell-derived adipocytes revealed
replication of SARS-CoV-2 depending on the adipogenic differentiation state and corresponding angiotensin
converting enzyme 2 (ACE2) expression. Treatment with the lipase inhibitor tetrahydrolipstatin reduced viral titers
by 100-fold in mature adipocytes indicating a dependency on lipid droplet metabolism. Further reduction in viral
titers was achieved by combination treatment with atorvastatin, most probably caused by decreased ACE2
expression.

Syrian golden hamsters infected with SARS-CoV-2 showed infectious viral titers in adipose tissue 1 and 3 days
post infection (dpi). Virus was cleared 6 dpi suggesting a sufficient innate immune response supported by
pronounced upregulation of isg15 on day 3 post infection. In metabolomic analysis of plasma samples obtained
from infected hamsters, we detected an abundance of triglycerides (TG) enriched in polyunsaturated fatty acids
(PUFA) and a reduction of TGs enriched in monounsaturated (MUFA) and saturated fatty acids (SFA), typical for
de novo lipogenesis (DNL). Plasma samples of COVID-19 patients showed a similar trend towards lower
concentration of MUFA, SFA-containing TGs.

Conclusion

In conclusion, we show that replication of SARS-CoV-2 in adipose tissue alters the lipid metabolism of hamsters
and humans.



26 — 29 September 2022
ICC Belfast
UK

Poster Reception Il

- AOXI0103

SARS-CoV2 preS dTM-ASO3 vaccine boosters induce broad and
persistent cross-neutralizing responses against SARS-CoV-2
variants of concern in primed non-human primates

Valérie Lecouturier?, Vincent Pavot?®, Catherine Berry“, Michael Kishko?®, Natalie G. Anosova®, Dean Huang?, Tim Tibbitts?,
Alice Raillard® Sylviane Gautheron®, Cindy Gutzeit!, Marguerite Koutsoukos?, Roman M. Chicz®

!GlaxoSmithKline, Rixensart, Belgium, 2GlaxoSmithKline, Wavre, Belgium, 3Sanofi, Cambridge, MA, USA, *Sanofi, Marcy-I'Etoile,
France
Background

Since late 2021, the continuous emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
variants that evade neutralizing antibodies, combined with the waning immunity, has triggered surges of COVID-
19 in most parts of the world, despite high vaccine coverage. Our SARS-CoV-2 spike recombinant protein vaccine
formulated with the AS03 adjuvant (CoV2 preS dTM-AS03) has demonstrated high immunogenicity and efficacy in
a Phase 3 clinical trial against variants such as Delta in naive subjects.

Method

Given the increasing seroprevalence due to both vaccination and high infection rates, we evaluated the vaccine
performance when used as booster vaccine in primed macaques and explored breadth against the more divergent
variant Omicron and SARS-CoV-1.

Result

We showed that, after a prime with the mRNA or recombinant spike protein subunit vaccine candidates, one booster
dose of CoV2 preS dTM-AS03, (monovalent D614 (WT) or B.1.351 (Beta), or bivalent D614 + B.1.351
formulations), significantly and durably boosted neutralizing antibodies against the parental strain and induced
cross-neutralizing antibodies against close and divergent SARS-CoV-2 variants of concern (Alpha, Beta, Gamma,
Delta and Omicron) as well as SARS-CoV-1. Moreover, the booster consolidated memory B cell responses to high
and more homogeneous levels.

Conclusion

The potent and prolonged booster effect up to 6 months against variants of concern shown in macaques could
provide a unique benefit for future booster vaccination campaigns.
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Background

Our SARS-CoV-2 spike recombinant protein vaccine based on the parental strain (D614) and formulated with the
ASO03 adjuvant (GSK) has demonstrated high immunogenicity and efficacy against SARS-CoV-2 variants such as
Delta in clinical trials in naive subjects.

Method

In early 2021, the Beta spike (B.1.351) antigen was selected to update the vaccine formulation, as it displayed the
greatest breakthrough infections against the parental (D614) vaccines, before the Delta and Omicron surges.

Result

In naive macaques, the combination of the B.1.351 Spike antigen with the D614 parental Spike, in a bivalent
(D614+B.1.351) vaccine formulation with AS03 adjuvant, extended the breadth of neutralization to Beta, Gamma,
Mu and, surprisingly, Omicron variants, in addition to the neutralizing responses against D614 and Delta conferred
by the parental CoV2 preS dTM-AS03 (D614) vaccine, while no negative interferences between the two
components were observed. Both monovalent and bivalent vaccine formulations induced high and consistent
Spike-specific memory B cell responses three months post-immunization. Importantly, the neutralizing antibody
titers reached stable levels three to four months after primary immunization and are sustained up to six months.

Conclusion
The antibody persistence provided by the CoV2 preS dTM-AS03 vaccine, combined with the increased breadth of
neutralization conferred by the bivalent formulation in naive NHPs, supports the bivalent (D614+B.1.351) CoV2

preS dTM-ASO03 vaccine for primary immunization in naive individuals, pending efficacy is demonstrated in the
ongoing clinical trial.
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Background

Influenza vaccinations and natural infections induce complex antibody responses, hemagglutinin
(HA)/neuraminidase (NA) subtype specific and cross-subtype antibodies, which are dependent upon an individual's
exposure history to infections and/or vaccinations. We developed a high throughput 32 multiplex influenza antibody
detection assay (MIADA) (MAGPIX®) to better understand the antibody landscape and to differentiate antibody
responses following influenza virus infection or vaccination.

Method

The MIADA platform incorporates 27 HA globular head, ectodomain, and/or stalk from A(HLIN1), A(HIN1)pdmO09,
A(H2N2), A(H3N2), A(H5N1), A(H7N9), A(HIN2), A(H13N9), influenza B viruses, NAs (N1, N2, and N9), and
influenza A nucleoprotein (NP). Pre- (S1) and post- (S2) vaccination sera collected from adults (19-49 yrs), who
received quadrivalent inactivated influenza vaccines (1IV4) in 3 influenza seasons: 2016-17 (n=15), 2018-19 (n=21),
and 2019-20 (n=20) were analyzed. Acute (S1) and convalescent (S2) sera were collected from RT-PCR confirmed
influenza B (n=44) and A(H1IN1)pdmO09 (n=85) virus infected persons and single S1 sera (n=248) were collected
from persons that were negative for influenza in 2019-20 season. Twenty-nine paired sera from RT-PCR confirmed
influenza A(H3N2) infections in 2018-19 season were also analyzed by MIADA.

Result

Distinctive antibody profiles between infection and vaccination were detected by MIADA. The most significant
increases in median fluorescent intensities (MFIs) following influenza vaccines or infections were detected against
HAs from the vaccine antigens (vaccination) or infecting virus (infected persons). Influenza B virus infected persons
only had antibody rises against HAs from influenza B viruses. Influenza A(H1N1)pdmO09 infection elicited antibody
against H1 HA and N1 NA, while A(H3N2) infection elicited antibodies to H3 HA and N2 NA, both elicited antibodies
against influenza A NP. HA Antibodies in S1 sera from influenza negative persons were significantly higher than
those in S1 sera from either influenza B or A(H1N1) infected persons (p<0.05), suggesting the HA antibody levels
are likely associated with protection from infection in influenza negative persons. Vaccination induced the antibody
responses to multiple antigens including HAs, NAs, and/or NP from both influenza A and B that were related to
vaccine components, allowing differentiation of vaccination from infection by the MIADA assay. The 11V4 induced
antibodies only against H1 HA stalk, but not to H3 HA stalk and lower NA antibody responses compared to infection.

Conclusion

Antibody landscapes can provide in-depth analysis of the antibody responses to influenza virus infection and
vaccination.
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Background

Influenza vaccine effectiveness (VE) estimates were not available for the 2020-21 influenza season due to
historically low circulation of influenza globally. Circulation of influenza in the U.S. in late fall through early winter
of the 2021-22 influenza season provided data for interim season estimates of VE against outpatient medically
attended laboratory-confirmed influenza.

Method

In the US Influenza VE Network, patients aged =6 months seeking care for acute respiratory illness including
fever/feverishness or cough within 7 days of illness onset were enrolled across seven study sites at ambulatory
clinics including emergency departments. Influenza vaccination status was obtained from electronic records or self-
report. Respiratory specimens were tested for influenza and SARS-CoV-2 by RT-PCR. A subset of influenza-
positive specimens was sequenced using whole genome sequencing. Influenza A(H3N2) VE was estimated using
a test-negative design as 100% x (1 - OR), where OR is the odds ratio from multivariable logistic regression models
adjusted for site, age, month of illness onset, and days between illness onset and specimen collection.

Result

Of 3,636 patients enrolled from November 2021-February 2022, 177 (5%) tested positive for influenza A(H3N2),
16 for influenza A with no subtype result available, one for A(HLN1)pdmO09, and none for influenza type B; 11 (6%)
of 194 influenza-positive patients were co-infected with SARS-CoV-2. Of 3,442 influenza-negative patients, 1,514
(44%) tested positive for SARS-CoV-2. All 65 sequenced A(H3N2) viruses belonged to genetic clade 3C.2alb
subclade 2a.2. Overall, 39% of A(H3NZ2)-positive patients and 49% of influenza-negative patients were vaccinated.
Adjusted VE against medically attended influenza A(H3N2) virus infection was 16% (95% confidence interval [CI]:
-16, 39). After excluding influenza-negative, SARS-CoV-2-positive patients aged =5 years eligible to receive
COVID-19 vaccination in the United States, adjusted VE against A(H3N2) was 31% (95% CI: 3, 51).

Conclusion

The first VE estimates available since the 2019-20 season suggest that influenza vaccination in 2021-22 provided
low-to-no protection against mild/moderate outpatient medically attended laboratory-confirmed influenza A(H3N2)
infection. Estimates will be updated when the influenza season has concluded.
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Background

Annual influenza vaccination is recommended for adults >=65 years in the U.S. Studies have noted greater benefit
of high-dose inactivated (HD-11V), MF59-adjuvanted inactivated (allV), and recombinant (RIV) influenza vaccines
(collectively enhanced influenza vaccines or EIVs) vs standard-dose unadjuvanted inactivated vaccines (SD-11Vs)
in this age group. We systematically reviewed evidence for vaccine efficacy/effectiveness (VE) of EIVs compared
with SD-IIVs and one another.

Method

Manuscripts were retrieved via systematic search of MEDLINE, EMBASE, CINAHL, Scopus, The Cochrane Library,
and ClinicalTrials.gov from 1/1990-8/2021 for randomized (RCT) and observational studies reporting relative VE
(rVE) of EIVs with SD-IIVs and one another. Two investigators independently screened and reviewed reports,
abstracted data, and assessed risk of bias of eligible papers. Outcomes included influenza-associated illness,
outpatient/emergency department visits, hospitalizations, and deaths.

Result

Of 10,169 manuscripts screened, only 3 RCTs were retrieved comparing EIVs vs SD-IIVs against lab-confirmed
influenza (LCI): a 2-season study noting rVE of 24% (95%CI 10, 37) of HD-IIV relative to SD-11V, and 2 1-season
studies with a pooled rVE of 18% (95%CI -17, 43) of RIV vs SD-1IV. 22 observational studies were included and
covered more seasons; but risk of potential bias was higher in these studies. Retrospective cohort studies (RCS)
examining influenza-associated hospitalization defined by diagnostic codes, for which the most data were found
for HD-IIV vs SD-IIV and the least (1 study in 1 season) for RIV vs SD-IIV. rVE varied substantially by season for
both HD-IIV and allV vs SD-IIV; benefit was observed in some but not all seasons for either vaccine. In
observational studies, rVE varied for comparisons of HD-IIV to allV. One single-season RCS noted greater benefit
of RIV over HD-11V and allV against code-defined influenza-associated hospitalization.

Conclusion

There is evidence of benefit favoring each EIV over SD-IIV in adults >=65 years of age; however, there is no strong
evidence that favors one EIV over others among studies providing direct comparisons. In comparisons of EIVs with
SD-1IVs and with one another, RCTs (the highest quality evidence) are extremely limited in number and range of
influenza seasons covered. Observational data are available for more seasons and suggest greater benefit of each
EIV over SD-IIV in at least some studies in some seasons, but most of these studies are limited by potential for
bias and use of non-LCI outcomes. Despite this, considerations of observational study results may be important
given variability of VE across influenza seasons.
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Background

Influenza B viruses cause disease with comparable severity to influenza A viruses. Immunologic cross-reactivity
between B lineages might be influenced by vaccination history. We examined these relationships in the US
Influenza Vaccine Effectiveness (Flu VE) Network.

Method

Patients with outpatient acute respiratory illness were enrolled from 2011-12 through 2019-20 seasons and tested
for influenza by RT-PCR. Individuals testing negative, or with B/Victoria (B/Vic) or B/Yamagata (B/Yam) illness,
were included in the analysis. Individuals were excluded if enrolled outside periods of influenza B circulation,
vaccinated <14 days before illness onset, or received an unknown or enhanced vaccine type. Multivariable models
assessed odds of lineage-specific B virus infection vs. no influenza for different vaccine exposure histories,
adjusting for site, seasonal peak, sex, smoking status, race, health status, and high-risk conditions. Lineage-
specific vaccine effectiveness (VE) was calculated as 100*(1-aOR).

Result

The analysis included 24,792 individuals for VE against B/Vic (1,777 B/Vic cases) and 27,219 for VE against B/Yam
(2,560 B/Yam cases). Vaccination with B/Vic both in the prior season and in the current season conferred limited
protection against B/Vic (VE: 36.5; 95% CI: -25.9, 67.9). However, vaccination with B/Yam in the prior season and
B/Vic in the current season was highly effective against B/Vic (VE: 79.0; 95% CI: 63.1, 88.0). Conversely,
vaccination with a B/Yam strain both in the prior season and current season was highly protective against B/Yam
(VE: 73.4; 95% CI: 64.3, 80.2). VE was lower for vaccination with a B/Vic strain in the prior season and a B/Yam
strain in the current season (VE: 57.5; 95% CI: 42.8, 68.4). VE against B/Vic for individuals who received
quadrivalent inactivated vaccine (QIV) in the current season and no vaccine in the prior season was 39.5 (95% ClI:
27.1, 49.8), compared with a VE of 23.1 (95% CI: 11.2, 33.4) for those who received QIV in both seasons. VE
estimates for these groups were not substantially different for VE against B/Yam (VE: 51.7; 95% ClI: 42.6, 59.3 for
no prior vaccine and QIV current season; VE: 50.8; 95% ClI: 42.6, 57.9 for QIV both seasons).

Conclusion

We observed diverse influenza B VE point estimates according to lineage match between prior and current season
vaccines, with wide confidence intervals. These differences were not symmetric between B/Yam-to-B/Vic vs. B/Vic-
to-B/Yam vaccination histories. Complex interactions might contribute to these effects, including within-lineage
antigenic distance between vaccine and circulating B viruses, antigenic distance between sequential B lineage
strains, and birth cohort effects (imprinting).
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Background

The potency of inactivated seasonal influenza vaccine is harmonised by establishing the haemagglutinin (HA)
content by the compendial single radial diffusion (SRID) method. SRID reagents (antigen and antisera) are
prepared and calibrated by regulatory agencies which distribute these reagents as standards for testing seasonal
influenza vaccines. Most often, these reagents are developed following the biannual announcement of the
subtypes to be included in the vaccine by the WHO in February and September for the Northern and Southern
hemisphere respectively. There is a significant time lag after this announcement for the generation, dispensing,
freeze drying, calibration and distribution of these reagents The generation of homologous reagents constrains the
time to release seasonal vaccine.

Method

This presentation tests the application of heterologous antisera to determine the potency of influenza vaccine using
Single Radial Immunodiffusion (SRD) compared to standard homologous antisera.

Result

Heterologous sheep antiserum showed cross-reactivity in the SRD assay to viruses in closely related clades and
subclades, and in some cases across multiple more distantly related clades.

Conclusion

The results demonstrate that with sufficiently related strains, use of existing heterologous sheep antisera provide
a suitable replacement to generation of stocks of homologous antiserum for SRD potency determination. The
application of heterologous sera will enable the earlier release of seasonal vaccine in instances where homologous
antisera are not available to match the strain selected by WHO for seasonal influenza vacine manufacture due to
late strain selection, poor response of sheep to the nominated strain, or an urgent need for vaccine release due to
virus prevalence or impact.



26 — 29 September 2022
ICC Belfast
UK

Poster Reception Il

- AOXI0070

Inactivated influenza vaccination did not reduce influenza viral load
at diagnosis among young Japanese children during the 2013/2014
through 2017/2018 influenza seasons
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Background

Uncertainty remains about the association between inactivated influenza vaccination and nasopharyngeal viral
load at influenza diagnosis in young children, though only inactivated influenza vaccines have been distributed in
Japan.

Method

From the influenza seasons of 2013/14 to 2017/18, at pediatric clinics, eligible participants under 6 years old with
pre-defined influenza-like illness and influenza-positive status with real-time RT-PCR were involved in this
observational study. Influenza viral load was measured for epidemic subtypes/lineages of each season:
A(H1N1)pdmO09 for 2013/2014 and 2015/2016, A(H3N2) for 2014/2015 and 2016/2017, and B(Yamagata) for
2017/2018. The influenza vaccination status of the current season was obtained from maternal and child health
handbooks or medical records. Using median dichotomized viral load as an outcome, a mixed-effect multilevel
logistic regression model was applied to estimate the multivariable-adjusted odds ratio (AOR) and 95% confidence
interval (ClI) for higher viral load.

Result

A total of 1,185 influenza-positive children were analyzed. The median log10 copy number of viral load (copies/mL)
was 5.5 (interquartile range, 4.6 to 6.1). The viral load did not differ by vaccination status: 5.5 for dose 0, 5.7 for
dose 1, and 5.5 for dose 2 (p=0.67). AOR of those vaccinated (dose 1 or dose 2) compared with those unvaccinated
(dose 0) was 1.19 (95%CI: 0.86-1.64). Other factors showing significant association with higher viral load were
positive results of A(HLIN1)pdm09 and A(H3N2) in comparison to that of B(Yamagata). The respective AOR was
3.25 (95%CI: 2.28-4.64) and 1.81 (95%CI: 1.32-2.49). Significantly elevated AOR against higher viral load was
also observed for higher body temperature at influenza diagnosis and shorter duration from symptom onset to
specimen obtainment.

Conclusion

No association was detected between inactivated influenza vaccination and viral load at influenza-positive
diagnosis. Subtypes, body temperature, and time elapsed from symptom onset were significantly associated with
the level of viral load.
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Background

Influenza is associated with a substantial burden in children, and annual influenza vaccination with live attenuated
influenza vaccine (LAIV) or inactivated influenza vaccines (IIVs) is recommended for the pediatric population in
many countries. The real-world effectiveness of influenza vaccines can vary substantially between seasons and
influenza subtypes. This study evaluated LAIV and IV effectiveness in children during the 2016/17 through 2020/21
influenza seasons.

Method

Quadrivalent LAIV (LAIV4) and IIV effectiveness studies conducted in the pediatric population from 2016/17
through 2020/21 were identified from published literature, congress presentations, public health websites, and
personal communication with national investigators.

Result

For the influenza seasons between 2016/17 and 2019/20, estimates for vaccine effectiveness (VE) against infection
(all influenza strains) ranged from 20% to 74% for LAIV4 and from -20% to 68% for 11V in children (Figure). For the
most recent measurable season in 2019/20, all-strain VE (95% confidence interval) with LAIV4 was 45.4% (12.6,
65.9%) for children aged 2-17 years (yrs) in the UK, and 66.0% (58.3, 72.4%) for children aged 2-6 yrs in Finland.
VE estimates for LAIV were unavailable from the US for 2019/20 due to limited use of LAIV that season. Equivalent
overall VE of quadrivalent IV (1IV4) was 51.8% (36.5, 63.5%) for children aged 2-6 yrs in Finland, and 34% (19,
46%) and 40% (22, 53%) for children aged 6 months-8 yrs and 9-17 yrs, respectively, in the US. No VE estimates
for 11V were available from the UK between 2017/18 and 2019/20, as LAIV is the recommended influenza vaccine
for children in the UK, except when contraindicated. In 2019/20, LAIV4 VE against influenza subtype A(H3N2) was
30.5% (-18.5, 59.2%) for children aged 2-17 yrs in the UK and 61.9% (52.7, 69.3%) against all influenza A subtypes
for children aged 2-6 yrs in Finland. VE of 11V4 against all influenza A subtypes was 48.6% (30.7, 61.8%) for children
aged 2-6 yrs in Finland and 23% (-3, 42%) and 29% (-7, 52%) against A(H1N1)pdmO09 for children aged 6 months-
8 yrs and 9-17 yrs, respectively, in the US. LAIV4 VE against influenza B was 80.3% (63.7, 89.3%) for children
aged 2-6 yrs in Finland. VE of [IV4 against influenza B was 61.5% (21.7, 81.0%) for children aged 2-6 yrs in Finland
and 39% (20, 54%) and 43% (23, 58%) against B/Victoria for children aged 6 months-8 yrs and 9-17 yrs,
respectively, in the US. During the 2020/21 season there was insufficient influenza circulation to ascertain VE
estimates.

Conclusion

VE estimates for LAIV and IIV have varied during recent seasons. Overall, VE for LAIV and IIV in children was
moderate and generally comparable between vaccine types.
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Background

BACKGROUND: Influenza is associated with a significant disease burden in the US. Vaccination has been
recognized as the most successful strategy for reducing influenza-related disease burden, but mean influenza
vaccine effectiveness (VE) over the last ten years has only been 35% for H3N2. This low effectiveness has been
attributed to several factors, including egg adaptations. These mutations occur only when the virus is propagated
in eggs, which may lead to genetic and antigenic dissimilarities impacting influenza VE. Despite newer technologies
being available, egg-based influenza vaccines remain the most frequently used. The evidence of a relationship
between egg-based manufacturing and influenza VE remains largely disassociated, except for two recent
consensus studies with European experts. There is a need to expand the consensus by increasing the number of
experts and their geographical diversification to strengthen the body of evidence on the topic.

Method

METHODS: Of 11 US influenza experts recruited, 10 participated, doubling the number from the previous EU
consensus. The methodology followed the 2020 European consensus, where the research question was broken
down into antigenic drift, egg adaptations, and manufacturing component principles. The evidence for these
principles was assessed by experts in a novel two-stage online study design to observe proportional group
awareness and consensus. Evidence comprised references from updated 2020 systematic reviews along with
references suggested by experts during the first stage, awareness round of this study. In the second stage,
summaries of each reference were presented to experts, who rated the extent to which they agreed that it
constituted support of its component principle on a 5-point Likert scale. In a final question, experts were asked
whether they agreed that overall, the evidence supported a mechanistic basis for reduced influenza VE due to egg-
based manufacturing.

Result

RESULTS: US experts agreed that all component principles had a majority of strong or very strong supporting
evidence (52-86%), similar to European results (70-90%). As with European experts, US experts agreed that global
surveillance, WHO candidate vaccine virus selection, and manufacturing stages involving eggs were the most likely
to impact influenza VE. They agreed unanimously that there is a mechanistic basis for reduced influenza VE due
to egg-based manufacturing.

Conclusion

CONCLUSION: There is now US and European expert agreement for the increased risk of reduced influenza VE
resulting from egg-based manufacturing techniques. Increasing the use of non-egg-based manufacturing that
avoids egg-adaptations is a currently available strategy that may improve influenza VE.
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NA antigenic drift between H3N2 clades may have contributed to
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Background

Influenza vaccine strain selection is predicated on haemagglutinin (HA) protein antigenicity. Relatively little is
understood about the importance of neuraminidase (NA). The FluMist/Fluenz live attenuated influenza vaccine
(LAIV) contained the same H3N2 component (A/New Caledonia/71/2014 - A/INC14) in both the 2016-17 and 2017-
18 influenza seasons. A/INC14 demonstrated moderate vaccine effectiveness (VE) in the UK in 2016-17 but
showed no significant VE in the UK in 2017/18. Here, we aimed to determine whether antigenic changes in the NA
protein of circulating influenza viruses may have contributed to the reduction in VE in 2017-18.

Method

Changes in NA antigenicity between the 3c.2a and 3c.2al clades of H3N2 viruses were assessed. The 3c.2a clade
(which includes A/NC14) was the predominantly circulating clade during the 2016-17 season, whilst the 3c.2al
viruses were predominant in 2017-18. An enzyme-linked lectin assay (ELLA) was optimised for LAIV viruses using
anti-NC14 ferret antisera, in order to determine differences in NA antigenicity between the two clades. Additionally,
a cell-based NA neutralisation assay was developed to confirm that changes in inhibition of NA activity translated
to differences in inhibition of virus replication in the presence of NC14-specific antibodies.

Result

By ELLA, it was found that anti-A/NC14 ferret antisera gave significantly greater inhibition of NA proteins of viruses
from the 3c.2a clade (2016-17) than from the 3c.2al clade (2017-18). All 3c.2al viruses tested showed at least a
3-fold reduction in inhibition, with most showing a >4-fold decrease. Furthermore, NA neutralisation assay data
showed that 3c.2a virus replication in cell culture was significantly more inhibited than 3c.2al by anti-A/NC14 NA
antibodies.

Conclusion

Taken together these data showed that NA antigenic drift between 2016-17 and 2017-18 circulating viruses
significantly impacted NA-mediated virus neutralisation by anti-A/NC14 antisera. This may have contributed to the
reduced A/NC14 VE in 2017-18. These novel findings could potentially be applied to the development of more
antigenically matched and effective vaccine strains in future seasons.
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Background

Quantifying population levels of SARS-CoV-2 antibodies is important for informing ongoing pandemic response
and forecasting population risk of infection. We described the development of SARS-CoV-2 serum antibodies
following infection and vaccination from November 2020 to September 2021 in the ongoing Prospective
Assessment of COVID-19 in a Community (PACC) cohort in central Wisconsin.

Method

PACC participants of any age were randomly sampled from the larger community. Active illness surveillance was
performed with SARS-CoV-2 identification by RT-PCR. Vaccination was determined from local and state registries.
Blood was collected at enrollment (November 2020 - April 2021), and at 12 (January - June 2021) and 24 weeks
(April - September 2021) after enroliment. All serum specimens were tested by ELISA against Spike (S) and S
receptor binding domain (RBD) antigens. Prior to March 2021, only specimens from individuals with evidence of
infection or S/RBD seropositivity were tested against nucleocapsid (N); from March 2021 onward, all collected
specimens were tested against N. Seropositivity endpoints were determined for combined S/RBD, N alone, and
combined S/RBD/N.

The monthly proportion of seropositive individuals was calculated by age group, vaccination (= 1 dose), and
infection status. The overall monthly proportion of seropositive individuals was estimated using least-square mean
predictions from age-adjusted generalized estimating equation logit models accounting for repeated measures.

Result

This analysis included 4,409 serum specimens from 1,520 individuals. At baseline through November 2020, 5%
(95% CI: 3%, 8%) of the cohort was S/RBD/N seropositive with little variation by age. After vaccines became
available in December 2020, S/RBD/N seropositivity steadily increased reaching 64% (95% CI: 58%, 69%) in June
2021 and plateauing thereafter. Monthly S/RBD-specific seropositivity tracked with vaccine uptake and increases
by age tracked with age-specific vaccine availability. N-specific seropositivity was stable (range: 11%, 16%) from
March to August 2021 when few infections were identified in the cohort. Among those S/RBD/N seropositive in
August and September 2021 (69%), 14% were unvaccinated with prior infection, 8% were unvaccinated without
documented prior infection, 13% were vaccinated with prior infection, and 65% were vaccinated without prior
infection.

Conclusion

Approximately two-thirds of the cohort was seropositive by the fall of 2021, and vaccination was the primary driver
of this high level of seropositivity. Additional blood specimens have been collected beginning February 2022 for
assessment of the effects of SARS-CoV-2 Delta and Omicron infections, and booster vaccine doses on population
immunity.
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Background

Antigenic drift of influenza virus continues to plague the efficaciousness of seasonal influenza vaccines. Wild-type
(WT) strains in vaccines produce antibodies specific for the circulating virus that was dominant at time of selection.
Manufacturing and distribution of vaccines take months, and influenza continues to circulate and mutate during this
time. Frequently, enough mutations accumulate that render these vaccine-induced antibodies non-neutralizing.
This especially occurs with influenza A viruses, the leading cause of influenza infections, but also with influenza B
viruses (IBV) which cause similar severe disease. The two IBV lineages, Victoria and Yamagata, have cocirculated
since their divide in the late 1980s. The introduction of a quadrivalent influenza vaccine formulated with both
lineages increased vaccine effectiveness against IBV infections, but it has continued to be extremely variable,
ranging from 34-76% per the CDC. To combat these inconsistencies, we developed a computationally optimized
broadly reactive antigen (COBRA) hemagglutinin (HA) for influenza B which elicits the production of antibodies
with a broader specificity than wild-type strains.

Method

B-COBRA or WT HA antigens expressed on the surface of virus-like particles (VLPs) were used to vaccinate ferrets
pre-immunized with influenza B virus. Three months post-infection with either a Victoria or Yamagata virus, ferrets
were bled and then vaccinated a single time with VLPs. Four weeks post-vaccination, ferrets were bled again.
Collected sera was tested in a hemagglutination-inhibition (HAI) assays to quantify antibody levels. Additionally,
virus-neutralizing serum antibodies were detected using the focal-reduction assay (FRA).

Result

Pre-immune ferrets had high serum HAI titers (HAI >1:40) and neutralized strains from the same lineage, but there
was low-to-no seroprotection or neutralization against viruses in the opposite lineage. Ferrets vaccinated with B-
COBRA HA antigens generated higher overall antibody titers against a broad panel of IBV strains, including future
strains, and were more effective in neutralizing virus. Moreover, B-COBRA HA vaccinated ferrets were able to
overcome possible "antigenic sin" and produce cross-lineage, seroprotective antibodies.

Conclusion

Wild-type strains have a limited specificity, but B-COBRA HA antigens elicit more broadly reactive antibodies
compared to seasonal influenza vaccines. Not only do B-COBRA HA antigens elicit protection against a wider array
of co-circulating and future drifted strains, their cross-lineage nature could allow manufacturers the option of using
this single HA protein instead of producing antigens for both lineages.
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Background

While vaccines eliciting neutralizing antibodies against the Hemagglutinin (HA) are effective in preventing influenza
in the absence of antigenic variations, cellular immunity to the well-conserved influenza Nucleoprotein (NP) is
associated with broad-spectrum protection against influenza disease.

Combining these two types of responses (antibody and cellular) against two different antigens (HA and NP) would
better mimic the immune responses generated by a natural infection and therefore is anticipated to confer higher
and broader protection against flu.

OVX836 is an unadjuvanted recombinant vaccine composed of the NP sequence of Influenza A virus fused to
Oligodom®, OSIVAX's proprietary self-assembling nanoparticle technology. We have previously shown that
OVX836 alone is safe, immunogenic and protective in both mice, ferrets and humans. Here, we evaluate the co-
administration of OVX836 with conventional quadrivalent seasonal influenza vaccine (QIV).

Method
Concomitant injections of OVX836 and QIV intramuscularly.
Preclinical development: mice immunogenicity and challenge studies

Clinical trial (ongoing): randomized, double-blind, controlled Phase 2a trial evaluating immunogenicity and safety
of the co-administration of OVX836 & QIV compared to QIV.

Result

Mice immunogenicity: NP-specific T-cell response levels similar after immunization with OVX836 or OVX836+QIV,
while being significantly superior to either placebo or QIV. HAI response levels similar after immunization with QIV
or OVX836+QIV while being significantly superior to either placebo or OVX836.

Mice efficacy: Vaccination with OVX836 concomitantly with QIV induced better protection than QIV alone against
lethal challenges with influenza A strains, as evidenced by significantly lower lung viral loads 4 days post-infection.
This observation was repeated with three different matched and mismatched challenge A-strains when comparing
OVX836+QIV vs. QIV: A/Victoria/1975 H3N2, p = 0.0001, A/WSN/1933 H1N1, p = 0.0001 A/California/2009 HIN1,
p = 0.0001.

Human clinical trial: Recruitment is ongoing for a Phase 2a trial evaluating the concomitant administration of
OVX836 with QIV. Safety outcomes will be available by the time of the congress.

Conclusion

In preclinical models, co-administration of OVX836 and QIV was found safe with no immune-interference observed
between the two vaccines and induces better protection than QIV alone against lethal challenges with three

different A-strains. OVX836 and QIV are being tested in co-administration in a phase 2a clinical trial for which
safety results will be available by the time of the congress.
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Background

Influenza vaccines manufactured with cell-based technology provide a close match to the hemagglutinin of WHO-
selected strains, whereas egg-based production may result in antigenic changes to the hemagglutinin of vaccine
viruses due to egg-adaptation. For clinical trials assessing the immunogenicity of influenza vaccines, the target
virus selected for hemagglutination inhibition (HI) assays may affect antibody titer results. We conducted post-hoc
analyses on post-vaccination immunogenicity data from a recently completed pediatric study to compare cell- and
egg derived target virus Hl titers in a pairwise manner across 4 vaccine strains within two vaccine groups.

Method

Performance characteristics of assays using cell- and egg-derived target viruses for each of the 4 vaccine strains
were evaluated with Deming regression, Lin's agreement statistics and Bland-Altman plots. For Deming regression,
slope and intercept estimates and their two-sided 95% confidence intervals and scatter plots of derived log-
transformed titers were determined. Lin's agreement statistics were computed to generate the concordance
correlation coefficient, precision and accuracy parameter estimates. Bland-Altman plots were generated to
describe the comparability between titers obtained with cell- and egg-derived target virus assays for each vaccine
by constructing the limits of agreement.

Result

Deming regression analysis showed that the point estimates for slopes of the regression line comparing titers
measured in cell- and egg-derived target virus assays were generally close to 1 for each vaccine strain, consistent
with a strong positive linear relationship. Bland-Altman plots indicated a very small percentage of results outside
the 95% limits of agreement. The direction and magnitude of the mean differences between cell- and egg-derived
target virus data were generally similar across strains. Lin's concordance correlation coefficient ranged from 0.63
to 0.89. The precision component (Pearson's correlation coefficient) was 0.67 to 0.91. The accuracy coefficient
was 0.93 to 1.00 across strains, which indicates the best-fit line locates relatively close to the 45° line through the
origin.

Conclusion

Statistical comparative analyses of vaccine antibody titers measured in hemagglutination inhibition assays
demonstrate an overall strong positive correlation between cell-derived and egg-derived target virus data but not
concordance.
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Background

Influenza vaccine effectiveness (VE) can vary by season, subtypes, and age groups. A(H3N2) has the most
variable and often the lowest VE compared to other subtypes. To improve VE and identify more effective
vaccination strategies especially for high risk populations, it is imperative to gain better understanding of the
underling immune mechanisms that can affect influenza vaccine immunogenicity and VE.

Method

We conducted a comprehensive analysis of vaccination sera collected from recent influenza seasons (2016-2022)
in the United States, across all vaccine eligible age groups (children 6 mon-17 yrs, adults 18-65 yrs and elderly >
65 yrs), from persons who received egg-based, cell-based and recombinant vaccines. We analyzed neutralizing
antibody responses to vaccine and circulating viruses pre- and post- vaccination.

Result

Decreased VE can occur when predominantly circulating viruses were antigenically drifted from the vaccine
viruses. Due to the widespread circulation of 3C.2a viruses, several 3C.2a virus strains have been chosen as
A(H3NZ2) vaccine components in recent seasons. Compared to wild type viruses, egg-based 3C. 2a vaccine viruses
have an egg-adapted change at T160K in the hemagglutinin (HA), causing a loss of glycosylation in antigenic site
B. In seasons with 3C.2a strains as the A(H3N2) vaccine component, antibody responses to cell- compared to
egg-propagated vaccine viruses were significantly reduced due to egg-adapted changes following vaccination with
egg-based vaccines, whereas the reduction was less pronounced following vaccination with cell-based and
recombinant vaccines. Furthermore, vaccine egg-adaptation had differential impact on antibody responses across
different age groups, in part, due to diverse host immune priming histories. In pediatrics, immunologically naive
children vaccinated with egg-adapted vaccines mostly mounted antibodies targeting egg-adapted epitopes,
whereas those previously primed with natural infection mounted broader antibody responses to circulating viruses
even when vaccinated with egg-based vaccines. In elderly, repeated boost of vaccine egg-adapted epitopes
significantly reduced antibody responses to the wild type viruses. Lastly, despite the antigenic differences, current
season vaccination can back boost antibody responses to previous season vaccine viruses, providing increased
breath of antibody responses that can be beneficial in seasons when viruses from both new and old antigenic
clusters co-circulate.

Conclusion

Multiple factors, and compounding effect of several factors can impact the immunogenicity of influenza vaccines
against circulating A(H3N2) viruses.
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Background

Seasonal vaccination with influenza viral surface glycoproteins hemagglutinin (HA) or combinations of HA and
neuraminidase (NA) is an effective means of reducing the incidence and severity of influenza infection. However,
protection is incomplete in part due to mismatches between vaccine and circulating strains. One strategy for more
complete protection is the addition of highly conserved influenza internal proteins as influenza vaccine antigens.
Here we present our platform that is based on the next-generation of MRNA vaccine, self-amplifying mRNA, which
is capable of durable antigen expression at low doses. Specifically, we characterize the immunogenicity of sa-
MRNA that encode internal flu proteins NP and M1, alone or in combination with bicistronic HA-NA vaccines.

Method

We immunized BALB/c mice with two doses three weeks apart with various sa-mRNA constructs encoding M1,
NP, or M1-NP together from influenza A or B. Additionally, we compare immunogenicity of tricistronic HA-NA-M1
or HA-NA-NP vaccines to the immunization strategy of bivalent vaccines composed of bicistronic HA-NA and M1-
NP together. Serological responses against both HA and NA were assessed by ELISA, hemagglutination inhibition,
NA inhibition, and virus microneutralization. Cell-mediated immune responses were measured by intracellular
cytokine staining in response to HA, NA, NP, or M1 antigens.

Result

We show that immunization with sa-mRNA encoding influenza internal proteins NP and M1 generates robust both
CD4+ and CD8+ cellular immune responses to these internal proteins when administered alone or co-administered
with a HA-NA vaccine. Importantly, when internal protein vaccines were administered with HA-NA vaccines, we
do not observe diminished serological responses to HA and NA.

Conclusion

Next generation sa-mRNA vaccines present an opportunity for the addition of internal protein antigens NP or M1
to HA-NA vaccine strategies to increase the antigenic breadth of seasonal influenza vaccines.
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Background

Influenza vaccine effectiveness (VE) in preventing influenza iliness was low in a prospective cohort of healthcare
personnel (HCP) in Israel. VE was particularly low against A(H3N2), which might be due to egg adaptations in
A(H3N2) vaccine strains or poorer immunogenicity in repeated vaccinees. We conducted a randomized trial among
HCP in Israel to compare humoral immune responses of two northern hemisphere 2019-2020 influenza vaccines:
a quadrivalent egg-grown inactivated influenza vaccine (l1V4; Vaxigrip) to a recombinant hemagglutinin-protein
quadrivalent influenza vaccine (RIV4; FluBlok).

Method

Participants were randomly allocated (October 2019 to January 2020) to receive either [IV4 or RIV4 during weeks
when both vaccines were available; during weeks when RIV4 was not available, participants received 11V4. Sera
collected 1-month after vaccination were tested by hemagglutination inhibition (HI) for egg-propagated A(H1N1),
egg-propagated A(H3N2), and cell-propagated A(H3N2) from the vaccine strains.

Result

The 366 participants who received [IV4 did not differ from the 207 RIV4 recipients in socio-demographic or health
characteristics. At 1-month post-vaccination, RIV4 elicited higher geometric mean titer (GMT) and mean-fold rise
in GMT (MFR) in HI than [IV4 against A(HLN1) and both egg- and cell-propagated A(H3N2). The post-vaccination
GMTs of RIV4 recipients were significantly higher than [IV4 recipients by 2.1-fold for A(H1N1), 1.4-fold for egg-
propagated A(H3N2), and 2.2-fold for cell-propagated A(H3N2) (p-values < 0.0001). A significantly higher
percentage of RIV4 recipients (66%) achieved very high titers (=160) against cell-propagated A(H3N2) compared
with 11V4 recipients (33%; p < 0.0001). These trends were noted among both infrequently vaccinated HCP (23%
vaccinated in 0-2 of the previous 5 years) and frequently vaccinated HCP (67% vaccinated 3-5 of the previous 5
seasons).

Conclusion

RIV4 had improved immunogenicity against A(HLN1) and A(H3NZ2) vaccine strains and among both infrequent and
frequent vaccinees. RIV4 elicited a particularly high antibody response to the cell-propagated A(H3N2) strain which
was most like the circulating strain during that season. Findings are placed in the broader context of efforts to
optimize the benefits from seasonal influenza vaccines to healthcare personnel.
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Background

Influenza virus infection results in 3-5 million serious illnesses each year, with children representing a significant
proportion of those affected. Several seasonal influenza vaccines are available, including inactivated influenza
vaccines (IIVs), live-attenuated influenza vaccines (LAIVs), and adjuvanted inactivated influenza vaccines (AllVs).
These vaccines primarily elicit antibodies against the variable hemagglutinin (HA) head domain. However,
"universal" vaccines that stimulate broadly-neutralizing antibodies (bnAbs) are in development. Seasonal vaccine
effectiveness (VE) varies greatly from year-to-year, and this variability has, in-part, been proposed to be a
consequence of 'Original Antigenic Sin' (OAS). OAS describes a phenomenon wherein the first exposure to
influenza virus shapes subsequent immune responses to vaccinations or infections. Antibody titers against the first
strain an individual is exposed to are boosted through repeated exposure to antigenically related strains. In the
context of seasonal vaccination, OAS boosts antibodies against conserved, but non-neutralizing epitopes. Thus,
OAS may be detrimental during seasonal vaccination but may prove to be beneficial when targeting conserved
epitopes such as the HA stalk. While the serological consequences of OAS have been well-established, no studies
have directly examined the impact of OAS antibodies on VE or the impact of vaccine formulation on OAS. This
guestion is especially important in the context of childhood vaccinations, since children are a high-risk group for
serious influenza virus infections and are often naive to influenza virus prior to vaccination.

Method

Two cluster-randomized control trials longitudinally followed Hutterite children in three consecutive influenza
seasons. The first compared LAIV and IIV between 2012-2015, the second AllV and IV between 2016-2019. A
subset of pre- and post- vaccination serum samples were tested by hemagglutination inhibition and antibody
dependent cellular cytotoxicity assays to measure vaccine strain specific and bnAbs, respectively.

Result

OAS-like responses were observed following successive vaccination in both trials, with [V causing the most
profound OAS. AllV overcame OAS, particularly in response to H3 vaccine components, and induced the strongest
bnAb response in children. Interestingly, bnAbs were induced following the first vaccine exposure, regardless of
formulation, in children with no prior immune history to influenza.

Conclusion

These findings will help inform the selection of the most appropriate seasonal influenza vaccines for children, and
the formulatons that may be most appropriate for "universal" influenza vaccines.
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Live Recombinant NDV vectored vaccine expressing the HA of HON2

Avian influenza virus suppresses viral replications in chickens
JUHO SONG!
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Background

Due to extensive circulation in domestic poultry species in Eurasia, Eurasian HIN2 low pathogenic avian influenza
virus(LPAIV) has further evolved into three distinct lineages: G1, Y280, and Korean. Korean lineage HON2 LPAIVs,
originally divided from Y439-like viruses, were localized, specifically in Korea (Youk et al., 2021). Recently, G57
genotype of Y280 lineage HON2 viruses have been detected in Korea in 2020 (Youk et al., 2021). The introduction
and country-wide spread of Y280-lineage HIN2 viruses calls for new vaccine effort with updated vaccines strain
that matches the antigenicity of currently circulating viruses. Avian influenza virus (AlV) causes severe to mild
disease in various poultry species. HON2 LPAIV infections in poultry causes decrease in egg production, morbidity,
and mortality when combined with secondary bacterial infections.

Method

. Prepare Cells and viruses

. Construction of K148 clone containing Hemagglutinin gene of HON2 Y280 lineage
. Virus rescue and propagation

. Viral purification and Western blotting

. Viral growth properties

. Experimental design

. Serological analysis

© N oo o b~ WN P

. Statistical Analysis
Result

Generation of rK148/Y280-HA virus : The plasmid encodes the full genome of K148 and HA gene of N20-132 was
successfully constructed as described in figure 1A. The rescue of rK148/Y280-HA was verified by hemagglutination
assay. After three consecutive passages in 9-11 days old SPF embryonated chicken eggs, viral genome was
extracted for HA sequence analysis. No mutations were observed in the HA sequence of rK148/Y280-HA.

Conclusion

Recent introduction of Y280-lineage HIN2 avian influenza virus into Korean poultry industry have rendered the
current vaccine regimen ineffective(Kye et al., 2021). The vaccine currently used in Korea does not antigenically
match the Y280-lineage HIN2 avian influenza viruses responsible for recent outbreaks. Although Korean-lineage
HIN2 viruses have been successfully controlled using inactivated oil-adjuvanted vaccine, newly introduced Y280-
lineage HIN2 viruses have rapidly spread throughout the country, causing outbreaks in all corners of the poultry
industry in Korea(Youk et al., 2021). Transitioning of vaccine regimen to using only Y280-lineage HON2 antigen
would be premature as there is limited evidence to prove complete eradication of Korean-lineage HON2 in Korea.
In this study we generated recombinant NDV K148 vaccine candidate expressing Y280 lineage H9 hemagglutinin
(HA) for the protection against both NDV and HON2 AIV while accounting for the need to continue vaccinating for
Korean-lineage HIN2. Implementation of rK148/Y280-HA will allow for vaccination and protection for antigenically
Y280-lineage HIN2 avian influenza virus outbreaks in chickens.
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Background

Seasonal influenza vaccines are commonly produced with embryonated chicken eggs around the world. Recently,
the antigenicity of egg-cultured vaccine viruses has deviated from that of circulating influenza viruses due to egg-
adapted mutations in the vaccine viruses. To avoid this deleterious effect on vaccine antigenicity, the possibility of
using a cell-based vaccine as a seasonal influenza vaccine has recently been considered. We are also conducting
the feasibility study for introduction of cell-based vaccine in Japan. However, it has been confirmed that some
vaccine viruses have acquired mutations that may affect their antigenicity in the process of producing cell-cultured
vaccine viruses. In this study, we investigated the production of cell-cultured vaccine viruses with genetic stability
and maintained antigenicity by regulating the virus infection to cellular receptors.

Method

The HAs of influenza viruses bind to glycans that end with sialic acid (Sia) linked to galactose by a-2,3 or a-2,6-
linkages. Previous studies have shown that enhancing human influenza virus infection to a-2,6-sialoglycans on
cultured cells is important for viral genetic stability. We attempted to enhance virus infection to a-2,6-sialoglycans
by blocking a-2,3-sialoglycans using lectins or antibodies specific for a-2,3 Sia. Qualified MDCK cells (NIID-MDCK)
developed by NIID were used, and the expression of a-2,3 or a-2,6-sialoglycans on the cell surface was examined.
Lectins specific for a-2,3 Sia were added to NIID-MDCK cells to evaluate binding activity and cytotoxicity. NIID-
MDCK cells with lectins specific for a-2,3 Sia were infected with A/H3N2 viruses, viral titers in the supernatant were
measured and changes in HA and NA amino acid sequences were confirmed.

Result

Both 0-2,3 and a-2,6-sialoglycans were expressed on the NIID-MDCK cell surface. The binding activity of lectins
specific for a-2,3 Sia to NIID-MDCK cells increased in a dose-dependent manner, while a slight cytotoxicity was
observed with high-dose lectin. Infectious titer of A/H3N2 viruses passaged in NIID-MDCK cells supplemented
witha-2,3 Sia specific lectin was confirmed, and several HA amino acid mutations in these viruses were
suppressed.

Conclusion

This study suggests that it is possible to produce cell-cultured vaccine viruses with genetic stability by enhancing
virus infection to a-2,6-sialoglycans using a-2,3 Sia specific lectin. We plan to further investigate using a-2,3 Sia
specific antibodies for cell-cultured vaccine viruses production, and to examine the genetic stability and maintained
antigenicity of produced these vaccine viruses.
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Background

There is an urgent public health need for more effective seasonal influenza vaccines. We developed a recombinant
quadrivalent hemagglutinin saponin-adjuvanted (Matrix-M) nanoparticle influenza vaccine (gNIV; NanoFlu), and
recently reported results of a phase 3 trial, wherein gNIV demonstrated immunologic non-inferiority to an egg-
derived quadrivalent inactivated influenza vaccine (IIV4; Fluzone Quadrivalent) and showed improved cross-
reactive HAI and neutralizing against antigenically drifted A(H3N2) and B viruses. qNIV also induced potent post-
vaccination (Day 7) polyfunctional antigen-specific effector CD4+ T-cell responses, which were 126-189% higher
compared to 11V4. We now report on long term durability of post-vaccination antigenic-specific polyfunctional CD4+
T-cell responses.

Method

In this phase 3 trial, we randomized 2652 participants aged 265 years 1:1 to receive a single intramuscular dose
of gNIV or [IV4, and assessed, in a subset of 32 participants, pre- and post-vaccination (Days 0, 7, 28, 364) antigen-
specific polyfunctional effector memory and total CD4+ T-cell responses against vaccine-homologous A/H3N2
(A/Kansas) and B-Victoria (B/Maryland) strains; and against antigenically drifted A/H3N2 (A/Cambodia) and
A/H1IN1 (A/Wisconsin) strains. Cytokine/activation markers y-interferon, TNF-a, IL-2, and CD40L were assessed
by intracellular cytokine staining.

Result

gNIV induced substantial post-vaccination triple-cytokine/activation marker staining total CD4+ T cell responses
which peaked at Day 7, remained elevated at Day 28, and persisted above baseline one year after vaccination,
whereas by contrast, corresponding responses elicited by 11V4 increased minimally at Day 7, and generally returned
to baseline by Day 28 and persisted at baseline through Day 364.

Post-vaccination Day 7, 28, and 364 triple-cytokine/activation marker staining total CD4+ T cell responses induced
by gNIV were higher than 11V4 for A/Kansas (gNIV to 11V4 ratio of geometric mean counts [GMCR] at successive
timepoints: 3.38, 2.60, and 1.66 fold higher); for B/Maryland (GMCR: 5.06, 3.07, 2.08 fold higher); for A/ICambodia
(GMCR: 4.84, 3.14, 1.85 fold higher); for A/Wisconsin (GMCR: 4.90, 3.18, 1.96 higher). Corresponding double-
and quadruple-cytokine/activation marker responses followed a similar pattern for each strain, as did double-, triple-
, and quadruple- cytokine/marker for effector memory responses.

Conclusion

gNIV produced qualitatively and quantitatively enhanced long term polyfunctional CD4+ T-cell responses, which
may help to improve the performance of seasonal influenza vaccines, especially in the older adult population.
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Wisconsin Cohort

Jennifer King?, Joshua Petrie?, David McClure?, Melissa Rolfes?, Jennifer Meece®, David Pattinson®, Gabriele Neumann?,
Carrie Reed*, Fatimah Dawood*, Yoshihiro Kawaoka®, Edward Belongia?, Huong McLean*

Center for Clinical Epidemiology & Population Health, Marshfield Clinic Research Institute, 2Center for Clinical Epidemiology and
Population Health, Marshfield Clinic Research Foundation, *Department of Pathobiological Sciences, School of Veterinary
Medicine, University of Madison-Wisconsin, “Influenza Division, Centers for Disease Control and Prevention, SIntegrated
Research & Development Laboratory, Marshfield Clinic Research Institute

Background

Evidence of waning of vaccine effectiveness (VE) of COVID-19 messenger RNA (mMRNA) vaccines emerged in
summer 2021 after initially high VE. A booster dose was recommended for certain high-risk groups and gradually
expanded to include all people aged 212 years in the US by January 2022. During a period of Omicron circulation,
we estimated relative VE after receipt of mRNA booster dose versus a primary two-dose series in an ongoing
community cohort study.

Method

This analysis used data collected from an ongoing prospective community cohort study assessing SARS-CoV-2
infection in rural central Wisconsin, US. Participants of all ages were randomly sampled from a defined cohort in
which nearly all residents receive care from Marshfield Clinic Health System. Participants reported symptoms
weekly and self-collected an anterior nasal swab when reporting one or more of the following: fever, cough, loss of
smell or taste, sore throat, muscle/body aches, shortness of breath, or diarrhea. SARS-CoV-2 infection was defined
as a positive RT-PCR result from a clinically collected nasopharyngeal or self-collected swab. This analysis
included vaccinated persons aged 212 years who were booster dose eligible (=5 months after completion of the
primary series) during a period of high Omicron circulation in Wisconsin (12/20/2021-02/24/2022). We estimated
relative VE of booster versus primary series using Cox proportional hazards models with time-varying vaccination
status and age at vaccination. Primary series vaccinated person-time began 12/20/21 or =5 months after
completion of the second dose, whichever was later, and ended at receipt of the third dose or end of study period.
Booster dose vaccinated person-time began 12/20/2021 or 214 days after receipt of the third dose, whichever was
later. Vaccination status was determined from local and state immunization registries and vaccination cards.
Result

Twenty-six percent (230/884) participants completed the primary series without boosting (median 223 days from
2nd dose to 12/20/2021), and 654 (74%) received a booster dose by the end of follow-up (median 275 days from
2nd dose and 33 days from booster to 12/20/2021). There were 82 (9.3%) SARS-CoV-2 infections, 46 after the
primary series and 36 after a booster dose. SARS-CoV-2 incidence was 9.6/10,000 person-days after the booster
dose and 34.6/10,000 person-days after the primary series (relative VE: 66%, 95% CI: 46-79%). Results were
similar when excluding immune compromised participants and those with prior infection.

Conclusion

A booster dose added significant protection against SARS-CoV-2 infection compared to waning protection =5
months from primary series during a period of widespread Omicron circulation.
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Background

Novel coronavirus disease (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) infection has become the global public health concern. Ensitrelvir (S-217622), a small molecule 3CL protease
inhibitor discovered by Hokkaido university and Shionogi, exhibited in vitro and in vivo efficacy against SARS-CoV-
2 and is proceeding with global clinical trials. Here, we show pharmacokinetic (PK) parameters and in vivo antiviral
activity of ensitrelvir against SARS-CoV-2 using mouse and hamster infection models.

Method

BALB/c mice or Syrian hamsters were infected with SARS-CoV-2 variants including gamma, delta, omicron, and
mouse-adapted strains. From one day after infection, the mice or hamsters were orally treated with ensitrelvir. Viral
titers in the lung of the animals at various time points were measured by TCID50 method using VeroE6/TMPRSS2
cells. The plasma concentrations of ensitrelvir were determined by High performance liquid chromatography with
tandem mass spectrometry (LC-MS/MS). The relationship between PK parameters (Cmax, AUCO0-48hr, C48hr,
TimeHigh [total time above the target]) and anti-viral effect of ensitrelvir was evaluated 3 days after infection in
mice.

Result

Oral administration of ensitrelvir from one day after infection reduced lung virus titer in mice and hamsters infected
with SARS-CoV-2. In the PK/PD (pharmacodynamics) analysis of mice, the coefficients of determination of
TimeHigh (10 x protein-adjusted EC50 [PA-EC50]), AUCO0-48hr/PA-EC50, C48hr/PA-EC50, TimeHigh (5 x PA-
EC50), and Cmax/PA-EC50 against virus titer reduction were 0.775, 0.735, 0.734, 0.647, and 0.311, respectively.
In hamsters, the plasma concentration of ensitrelvir during treatment correlated with reduction of the lung virus
titer.

Conclusion

The PK parameters associated with the sustained plasma concentration of ensitrelvir, TimeHigh and C48hr
correlated well with reduction of lung virus titers in mice. It was suggested that maintaining plasma concentration
of ensitrelvir was necessary for exerting antiviral activity throughout the administration period. Since ensitrelvir
showed a low clearance and long elimination half-lives in clinical trial, it is expected that once-daily dosing of
ensitrelvir shows antiviral activity in COVID-19 patients.
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Background

Novel coronavirus disease (COVID-19) has become a global public health concern. Since the first emergence of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in 2019, a number of mutant strains have been
isolated all over the world. These SARS-CoV-2 mutants mainly contain amino acid substitutions in the spike protein,
the target of SARS-CoV-2 vaccines, and some mutations have also been reported in nsp5, which encodes 3C-like
protease (3CLpro), the target of ensitrelvir (S-217622). Here we show the inhibitory activity of ensitrelvir against
these mutants in enzyme assay and antiviral assay using various cell lines.

Method

Prevalence of 3CLpro mutations were analyzed using the data of Global Initiative on Sharing All Influenza Data
(GISAID, https://www.gisaid.org/). The inhibitory activities of ensitrelvir against mutant 3CLpros (G15S, T21I, L89F,
K90R, P108S, and P132H) in enzyme assay were evaluated by monitoring the amounts of the substrate of 3CLpro
and the cleavage product using mass spectrometry. In vitro antiviral activity of ensitrelvir against SARS-CoV-2
mutant strains (alpha, beta, gamma, delta, and omicron) was evaluated using VeroE6 cells expressed human
transmembrane protease, serine 2 (VeroE6/TMPRSS?2), or HEK293T cells expressing both human angiotensin-
converting enzyme 2 (ACE2) and TMPRSS2 (HEK293T/ACE2-TMPRSS2), and human airway epithelial cells
(hAEC).

Result

Ensitrelvir exhibited 3CLpro inhibitory activity against G15S, T21l, L89F, K90R, P108S, and P132H mutant at IC50
= 8.0 to 15.0 nmol/L (wild-type IC50 = 13.2 nmol/L). Ensitrelvir exhibited in vitro antiviral activity against SARS-
CoV-2 Alpha, Beta, Gamma, Delta, and Omicron strains at EC50 = 0.29 to 0.50 umol/L in VeroE6/TMPRSS2 cells
and at EC50 = 0.026 to 0.064 pmol/L in HEK293T/ACE2-TMPRSS2 cells and against SARS-CoV-2 delta and
omicron strains at EC90 = 0.0514 to 0.160 ymol/L in hAEC.

Conclusion

Ensitrelvir showed the comparable enzyme inhibitory activity against major 3CLpro mutants reported in GISAID
and a comparable antiviral activity against mutant strains using various cell lines. As these data support the antiviral
effect of ensitrelvir against previous major epidemic strains, we are expecting the ongoing Phase 3 clinical studies
to likewise provide positive results on current epidemic strains.
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of SARS-CoV-2, reduced mortality, improved virus-induced lung
inflammation and respiratory dysfunction in animal models.
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Background

COVID-19 pandemic is major public health concerns worldwide, and currently, the treatment options are limited.
Ensitrelvir (S-217622) is a novel orally available small molecule inhibitor of 3C-like (3CL) protease of SARS-CoV-
2, an essential enzyme for viral replication. Ensitrelvir exhibits in vitro efficacy against various SARS-CoV-2
variants, including alpha, beta, gamma, delta, and omicron strains. In a randomized phase 2 study in Japan,
ensitrelvir reduced both viral titer and RNA levels. In this study, we evaluated the effect of ensitrelvir on mortality,
lung inflammation and the loss of respiratory function caused by SARS-CoV-2 infection in animal models.

Method

BALB/c mice or Syrian hamsters were inoculated with SARS-CoV-2 variants including delta, omicron and mouse-
adapted strains. From day 1 after infection, the mice or hamsters were orally treated with various doses of ensitrelvir
twice daily for 5 days. Survival and body weight of the animals were examined once daily. Lung histopathology,
lung weight, cytokine/chemokine levels and respiratory function (SpO2) were evaluated as indicators of disease
progression after infection. When the mice lost more than 20% of their body weight compared to their weight pre-
infection of virus, they were euthanized and regarded as dead according to humane endpoints.

Result

Ensitrelvir significantly eliminated mortality and ameliorated body weight loss compared to vehicle in a dose-
dependent manner. In addition, ensitrelvir also significantly reduced inflammatory cytokine/chemokine levels in the
lungs, with an ameliorated lung weight increase due to infection. Furthermore, the severity of the infection-related
pulmonary lesions was reduced in lung histopathological evaluation, leading to an improved respiratory function in
ensitrelvir treated groups.

Conclusion

Oral dosing of ensitrelvir exhibited significant therapeutic efficacy against mortality, lung inflammation and
respiratory dysfunction caused by SARS-CoV-2 infection in mice and hamsters. These results support potential
benefit of ensitrelvir treatment for COVID-19 patients.
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via the induction of innate immune training
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Background

Obesity increases the severity of influenza. It is unknown whether this susceptibility is reversed by weight loss and
whether obesity has persistent deleterious effects on the immune response to influenza virus. This is particularly
pertinent as recent data suggests obesity can epigenetically 'train' the innate immune system in an NLRP3-
dependent manner, making it hyper-responsive to future immune stimuli. This may result in an exacerbated pro-
inflammatory response and increased influenza severity, despite a history of weight loss.

Method

An in vivo model of previous obesity was established in C57BL/6 mice. Mice were given ad libitum access to either
a high-fat or low-fat diet for 20-weeks, or they received 10 weeks of a high-fat diet followed by 10 weeks of a low-
fat diet. After 10 weeks on low-fat diet, previously obese mice had an equivalent body weight and percentage body
fat to 'lean’ mice that received the low-fat diet only.

Result

Following intranasal inoculation with pH1N1, obese and previously obese mice had increased disease severity
compared to lean mice, which was associated with an increased pro-inflammatory response. In NLRP3-deficient
mice, obesity had no long-term effects on severity of influenza virus infection. To confirm enhanced severity in
previously obese mice is associated with a 'trained’ innate immune response, CD45+ (i.e. hematopoietic) lung and
bone marrow cells were isolated from uninfected mice and stimulated ex vivo with viral mimetic R848, LPS and
Pam3Cys. Following stimulation, bone marrow cells from previously obese mice exhibited enhanced
proinflammatory cytokine responses relative to lean mice. This was accompanied by alterations in global chromatin
expression of bone marrow cells, and changes in percentages of bone marrow myeloid progenitors. This innate
immune 'training' may be related to disruption of tight-junction integrity (i.e. leaky gut) as a consequence of a high-
fat diet, as 10 weeks of high-fat diet results in enhanced circulating LPS in these mice.

Conclusion

Obesity can have long-lasting effects on the innate immune response to IAV infection. This study provides evidence
that a high-fat diet induces gut permeability and increased circulating LPS which. This may epigenetically
reprogram innate immune cells towards a hyperinflammatory state (innate immune training). This may contribute
to increased severity of IAV infection outcomes in previously obese mice. Understanding the immunological
consequences of the obesity epidemic in humans is extremely important to improving outcomes to influenza and
other pandemic viruses.
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Background

Timing of first influenza virus exposures in young children remains poorly characterized despite the importance of
early life exposures on immunity against the virus. We present influenza virus exposure timing based on
symptomatic viral surveillance and serologically detected antibody response to influenza virus in young children
from 2011-2019.

Method

Children enrolled before age three in the Nicaraguan Pediatric Influenza Cohort Study, a community-based,
prospective study in Managua, Nicaragua, from 2011-2019 were included in this analysis. Respiratory samples
were collected when participants presented with symptoms of respiratory illness. These samples were tested for
influenza A and B virus using reverse transcriptase-polymerase chain reaction (PCR). Blood samples were
collected annually from participants. The IgG antibody response to the hemagglutinin of 13 different virus strains,
subtypes, and lineages (one pre-pandemic H1N1, four pandemic H1N1s, four H3N2s, two influenza
B/Yamagata/16/88-like lineages, and two influenza B/Victoria/2/87-like lineages) were measured using an
influenza virus protein microarray. To evaluate young children's immune response to influenza virus over time, we
limited this analysis to samples collected after six months and before six years of age.

Result

904 participants provided 851 respiratory samples that were PCR+ for influenza A or B virus and 3,182 blood
samples before age six. 795 participants had blood samples collected at age one. Before age two, 489 (62%) of
these participants had a previous influenza A virus infection with 260 (33%) and 369 (46%) with HIN1pdm and
H3N2 infections, respectively. 186 (23%) participants had a previous influenza B virus infection with 114 (14%)
infections from the B/Victoria/2/87-like lineage, and 76 (10%) from the B/Yamagata/16/88-like lineage. 140 (18%)
were previously infected with both influenza A and B virus. 249 (31%) showed no previous influenza virus infections.

Among 303 participants with samples collected at age 5, 295 (97%) had a previous influenza A virus infection, 233
(77%) from H1IN1pdm, and 287 (95%) from H3N2. 122 (77%) participants had a previous influenza B virus infection
with 108 (36%) from the B/Victoria/2/87-like lineage, and 165 (54%) from the B/Yamagata/16/88-like lineage. 229
(76%) previously had both influenza A and B virus infections. 4 (1%) participants with samples collected at age 5
had no detectable influenza virus infection before age six.

Conclusion

First influenza virus infections occurred for most children before age two. Prior influenza B virus infection was less
common than influenza A virus infection, with a significant proportion of participants aged 0-6 years not having
detectable influenza B virus antibodies.
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Background

Seasonal influenza causes substantial morbidity and mortality in older adults. High-dose inactivated influenza
vaccine (HD-IIV), with increased antigen compared to standard-dose influenza vaccines (SD-11V), is licensed in the
United States for use in people aged 265 years.

Method

We reviewed evidence of relative efficacy/effectiveness of HD-1IV vs. SD-IIV among adults aged =65 years for
prevention of influenza-associated hospitalizations. We included randomized (RCT) and observational studies
reporting comparative effectiveness of HD-IIV, indexed between January 1, 1990, to September 7, 2021, in
MEDLINE, Embase, CINAHL, Scopus, The Cochrane Library, and ClinicalTrials.gov. Inverse variance meta-
analysis was used to derive random-effects pooled effectiveness estimates. Results from randomized trials were
reported as rate ratios; results from observational studies were reported as rate ratios, relative risks (RRs), or odds
ratios (ORs) depending upon study design.

Result

Thirteen studies were identified through full-text review of 3,545 studies. All comparisons included trivalent HD-IIV
(HD-11V3) versus SD-IIV (trivalent and quadrivalent formulations). No RCTs were identified that used laboratory-
confirmed influenza hospitalizations as a protocol-specified primary outcome. Among three estimates from three
RCTs - one a secondary analysis of serious events (including hospitalizations) occurring in a large clinical trial that
included influenza cases confirmed by unspecified testing done outside of study procedures, one a post-hoc
analysis in which hospitalizations were reviewed by clinicians for likelihood of being secondary to influenza, and
one a cluster-randomized trial examining pneumonia- and influenza-coded hospitalizations among nursing home
patients - the pooled rate ratio was 0.81 (95% CI: 0.67, 0.97) favoring HD-1IV3. Eight retrospective cohort studies
using diagnostic code defined outcomes contributed 39 estimates, with a pooled RR for influenza hospitalization
of 0.91 (95% CI: 0.89, 0.93) favoring HD-IIV3. Two additional observational studies contributed three estimates,
with a pooled OR for influenza hospitalization of 0.71 (95% CI: 0.57, 0.88) favoring HD-IIV3.

Conclusion

Evidence from three RCTs suggests benefit of HD-1IV3 versus SD-IIV for prevention of influenza hospitalizations
among older adults, but outcome definitions varied substantially, and estimates were not derived from protocol-
driven testing. Observational studies suggest that HD-1IV3 might be more effective than SD-IIV at reducing
influenza hospitalizations, with HD-1IV3 associated with a 9% to 29% reduction in risk of hospitalization compared
to SD-IIV.
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Background

While studies regularly assess the effectiveness of influenza vaccines for preventing illness warranting medical
attention, few studies have evaluated their effectiveness in preventing influenza infections in households.

Method

A case-ascertained study was conducted in Tennessee and Wisconsin during 3 consecutive influenza seasons
(2017-2018-2019-2020). Index patients with laboratory-confirmed influenza infection and their household members
were recruited and enrolled within 7 days of the index patient's symptom onset. After enroliment, index patients
and other household members completed symptom diaries and self-collected nasal swabs daily for 5 or 7 days.
Vaccination status was determined based on the date of disease onset of the index patient; an individual was
considered vaccinated if seasonal vaccination was received at least 14 days prior to the index patient's disease
onset. The study was restricted to those eligible for influenza vaccination and excluded those who received
vaccination less than 14 days prior to the index patient's disease onset. Influenza infections were confirmed through
reverse transcription-polymerase chain reaction. The odds of laboratory-confirmed influenza infection were
compared between vaccinated and unvaccinated household contacts. Vaccine effectiveness for prevention of
infections among enrolled household members was estimated as 1-adjusted odds ratio of infection, using a
multivariable logistic regression model for clustered household data that adjusted for age, sex, season, site and
number of household members. Exploratory subgroup analyses by age group, season, and vaccination status of
the index patient were conducted.

Result

A total of 1587 household members of 694 index patients were included. The median age for household contacts
was 31 years (interquartile range: 10-41 years), 53% were female and 88% were white. Among these household
members, 51% were vaccinated, and 24% had a laboratory-confirmed influenza infection during follow-up. The
estimated vaccine effectiveness against laboratory-confirmed influenza infection among household contacts was
35% (95% CI: 15 - 50%). Subgroup analyses were generally consistent with the main vaccine effectiveness
estimates, but some estimates had limited precision (Figure).

Conclusion

Influenza vaccination was associated with a reduced risk of laboratory-confirmed influenza infection among
household members after infection was introduced into their households.
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Background

Few studies have longitudinally characterized the intensity and trajectories of symptoms of SARS-CoV-2 infections,
and the potential role of vaccination in modulating those symptoms.

Method

The Respiratory Viral Transmission Network (RVTN)-Sentinel is an ongoing case-ascertained study conducted at
7 sites in the United States. After informed consent was obtained, index cases and their household members were
enrolled. Participants completed symptom diaries and self-collected nasal swabs daily for 10 days. Vaccination
received at least 2 weeks prior to the index case's symptom onset date defined vaccination status (fully vaccinated
[2 or more doses] and unvaccinated; participants with only 1 dose were excluded). SARS-CoV-2 infection was
detected using transcription-mediated amplification. Symptom intensity was standardized as the proportion of
cumulative symptoms present on each day according to four domains: systemic (4 symptoms), upper respiratory
(4), lower respiratory (4) and gastrointestinal (3). Daily median standardized proportions of symptoms were
calculated starting on the date of symptoms onset by domain, overall and according to variant circulation period
(pre-Omicron and Omicron, including all ages), vaccine eligible groups (children [5-17 years old] and adults) and
vaccination status.

Result

Among 319 participants (from 102 households) with available test results, 207 had laboratory-confirmed SARS-
CoV-2 infection and met our study selection criteria. The proportion of unvaccinated adult cases who remained
asymptomatic was 0% (0/4) during the pre-Omicron and 15% (3/20) the Omicron period. In children, the proportions
were 18% (3/17) and 18% (4/22), respectively. Symptom patterns for pre-Omicron (n=18) and Omicron (n=35)
periods among unvaccinated symptomatic cases are displayed in Figure 1. Among children ages 5-17 years with
at least one symptom reported (n=56), the median standardized proportions on their symptom onset date were
25%, 25%, 12.5% and 0% for systemic, upper respiratory, lower respiratory and gastrointestinal symptoms,
respectively. The corresponding proportions for symptomatic adults (n=120) were 25%, 25%, 0%, 0%. Symptom
trajectories by age groups and vaccination status are shown in Figure 2.

Conclusion

Preliminary findings from this ongoing study suggest important symptom variability among children and adults
infected with SARS-CoV-2. Results on associations between vaccination status and symptoms intensity and
trajectory will be updated as sample size increases.
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Background

Influenza immunization rates in pregnancy remain below public health goals. This US based cohort study collected
data on pregnancy outcomes and events of interest among women immunized with AFLURIA QUADRIVALENT®
(QIV) during pregnancy, to compare to national data.

Method

The QIV pregnancy registry was a prospective observational cohort study conducted over four consecutive
influenza seasons. Pregnant women were enrolled any time after routine vaccination with QIV, but prior to
pregnancy outcome. Most women were enrolled via active recruitment strategies from obstetrical clinics that used
QIV in their seasonal influenza vaccination campaigns during routine prenatal care; study data were provided after
giving consent. Primary endpoints included preterm birth (PTB), low birthweight (LBW) and major congenital
malformations (MCM). A teratologist/geneticist reviewed all reported malformations and classified them using the
Center for Disease Control Metropolitan Atlanta Congenital Defects Program's (CDC MACDP) coding system and
a Scientific Advisory Committee periodically reviewed data and recommended coding and classification of MCMs
and other outcomes of interest.

Result

The study enrolled 494 women who had received QIV as part of routine care during four US influenza seasons
(2017-2021). 483 women were evaluable and 1.4% were lost to follow-up. The study population was diverse and
key risk groups for adverse pregnancy outcomes were represented. In this study, 98.8% of pregnancies resulted
in live birth. The prevalence of PTB, LBW and MCM are shown in the table.

Conclusion

With no safety concerns demonstrated in this contemporary pregnancy registry and consistency with published
safety data, the study data reassure that QIV may be safely used in pregnant women.
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Background

The neuraminidase (NA) protein is a tetrameric type || membrane protein on the surface of influenza virions. Next
to hemagglutinin (HA), NA also has immune-protective potential and anti-antibodies are a correlate of protection.
When expressed in a soluble form, NA is unstable and dissociates into dimers and monomers which are less
enzymatically active. Addition of a tetramerizing zipper such as the tetrabrachion (TB) from Staphylothermus
marinus to the NA head domain stabilizes NA tetramers which are important for the induction of protective NA
inhibitory antibodies. Here, we evaluate if M2e, the ectodomain of a type 1l homo-tetrameric membrane protein,
can replace (in part or completely) a heterologous tetramerizing leucine zipper to generate stable, enzymatically
active formats of N1 and N2 neuraminidase. In addition, we investigate whether addition of 2xM2e copies to an
already stabilized TB-NA could broaden its protective potential since anti M2e antibodies are important for M2e-
based immunity, can reduce virus replication and protect against challenge with any influenza A virus subtype.

Method

Different 2xM2e-N1 and N2 fusion proteins were produced in ExpiCHO cells and purified. NA activity, stability and
tetramerization was studied. The stable and active proteins were adjuvanted with the Sigma adjuvant system (SAS)
and used for vaccination of Balb/c mice. After a prime/boost regime, the mice were challenged with a homologous
or heterologous influenza challenge. Mice sera was collected after the boost and used for ELISA and
Neuraminidase Inhibition Assays (NAISs).

Result

2xM2e-NA fusions without stabilizing zipper were not enzymatically active and tetramers could not be purified.
Addition of 2xM2e to already stabilized TB-NA did not drastically impact NA activity but the stability of NA tetramers
was slightly improved. Prime followed by boost vaccinations with TB-NA or 2xM2e-TB NA induced similar high NAI
titers. In a preliminary in vivo experiment, no difference in protection against homologous and heterologous
challenge could be seen between TB-NA and 2xM2e-TB-NA vaccinated mice. The lack of broad protection could
be explained by the fact that vaccination with 2xM2e-TB-NA did not result in high anti M2e antibody titers.
Conclusion

Unfortunately, addition of 2 copies of M2e could not replace a tetramerizing leucine zipper and stabilize NA
tetramers. Preliminary in vivo data showed that the addition of 2xM2e copies to TB stabilized NA did not broaden

the protective potential probably because the lack of protective anti-M2e antibodies. In the future, the role of
cysteine residues and bridges in M2e will be further explored to stabilize NA without TB.
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Background

Current influenza vaccines show sub-optimal efficacy due to circulating and vaccine strain mismatch, arising from
escape mutations in the globular head of the viral hemagglutinin (HA), with particularly calamitous consequences
in outbreaks. To address this, universal vaccine candidates have been designed from the relatively conserved HA
stem domain and have shown protective efficacy in animal models. Oligomerization of the antigens, through display
on self-assembling nanoparticle scaffolds, can induce more potent immune responses compared to the
corresponding monomeric antigen due to multivalent engagement of B-cells. However, most nanoparticle-based
immunogens described to date use mammalian cell expression. A cost effective, universally neutralizing vaccine
with rapid scalability in an epidemic/pandemic is urgently needed.

Method

We explored bacterially expressible, self-assembling proteins with a 3-fold axis of symmetry for spontaneous
trimerization of a rationally designed stem antigen on the nanoparticle surface. Additionally, we displayed multiple
monomeric HA stems on a 180-meric protein to compare immunogenicity between nanoparticles displaying trimeric
versus monomeric stems. We also designed mammalian-expressed nanoparticle for comparison. We evaluated
the nanoparticle assembly, thermal stability, and antigenic characteristics of the stem-nanoparticles. Protective
efficacy of the nanoparticles was evaluated in mice and immunogenicity was also compared with a soluble trimeric
version of the HA stem.

Result

We demonstrated bacterially expressed, differently sized particles displaying trimeric or monomeric copies of an
HAIN1 pdmCal09 derived HA stem. Designed antigens are purified to high yields and retain thermally stable
epitopes in prefusion conformation. Both soluble trimer and nanoparticle displayed antigens confer protection
against lethal dose of homologous and heterologous mouse adapted virus challenge. Nanoparticles confer a small
yet statistically significant benefit over soluble trimer in homologous challenge, while offering similar heterologous
protection. 180-mer particles afford equivalent protection to HA trimer displaying particles. Immunogenicity of the
mammalian construct is being evaluated.

Conclusion
We expressed nanoparticle-displayed HA stem immunogens in bacteria. These immunogens are cheap and rapidly
producible and elicit antibodies with CR6261 overlapping epitopes, that protect mice from homologous and

heterologous challenge. We are currently evaluating protective efficacy of a low dose mammalian expressed
nanoparticle to assess dose sparing advantage of nanoparticle vaccine platforms.
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Background

The development of a universal influenza vaccine with a wide spectrum of protection and durability is a serious
public health problem. Highly conserved extracellular domain of matrix 2 protein (M2e) is an attractive target for
the induction of cross-protective immune response. We studied two recombinant live attenuated influenza vaccines
(LAIVs) expressing additional four M2e-epitopes within HA (LAIV/HA+4M2e) or NS (LAIV/INS+4M2e) molecules in
preclinical ferret study.

Method

Male ferrets were intranasally immunized with two doses of either LAIV/HA+4M2e or LAIV/INS+4M2e recombinant
viruses, or with the H3N2 LAIV control virus. Shedding of the LAIV viruses was determined by titration of nasal
wash samples collected during 4 days after each vaccination in eggs. Safety of vaccines was monitored by the
clinical signs of infection during the course of immunization. Immune response was determined using a standard
ELISA against H3N2 whole virus and against 3M2e recombinant protein. Cross-protective effect of the vaccines
was assessed by infecting immunized ferrets with high dose of pandemic H1N1 virus. An indirect protection of
immune sera was assessed in mice against a panel of PR8-based viruses encoding M genes of different origin.

Result

After first immunization all the LAIV-based viruses efficiently replicated in upper respiratory tracts of vaccinated
ferrets, and there were no signs of viral shedding after the second dose. During the course of immunization no
signs of disease were detected in any studied animal group. All LAIV immunized ferrets developed high levels of
serum anti-H3N2 antibodies, whereas only recombinant vaccines induced significant level of anti-M2e 1gGs with
notable boost effect. It should be noted, that after immunization with LAIV/HA+4M2e anti-M2e IgGs were at
significant level even after first immunization, when corresponding antibodies after LAIV/INS+4M2e vaccination
could be detected only after second vaccine dose.

Level of induced anti-M2e 1gGs correlated with demonstrated further level of protection against B&#144;/South
Africa/3626/2013 (H1N1). Vaccinated with LAIV/HA+4M2e ferrets had lower viral shedding in respiratory tissues
and demonstrated less symptoms of disease.

Further in vivo protection study also revealed advantage of M2e-based vaccines compared to unmodified LAIV.
Conclusion

LAIVs expressing four M2e tandem repeats within HA molecule demonstrated higher immunogenicity and
protective effect compared to other studied LAIVs. Therefore, LAIV/HA+4M2e is the promising prototypes of
universal influenza vaccine. Further investigation of mechanisms of protection afforded by M2e-specific antibodies
is needed.

Funding. This work was supported by RSCF grant 19-15-00015.
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Background

Currently licensed seasonal influenza vaccines are either virus- or protein-based vaccines. The success of
messenger RNA (mMRNA) vaccines against coronavirus disease 2019 (COVID-19) has led to an acceleration of the
development of mRNA-based vaccines targeting other infectious diseases. In the context of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), mRNA vaccines have been shown to elicit potent humoral and
cellular immune responses, including in older adults, a group that could substantially benefit also from improved
influenza vaccines.

Method

We have developed novel lipid-encapsulated mRNA-based vaccine candidates that encode for the surface
glycoproteins of seasonal influenza viruses. Mice and ferrets were intramuscularly immunized with 1 or 2 doses of
our mRNA vaccine candidates. Animals were then challenged with live virus 3 weeks after the last vaccination.
Serology was performed after vaccination and challenge. Weight loss and viral titers were assessed after
challenge.

Result

Immunization of mice and ferrets with our mRNA vaccine candidates resulted in functional antibody responses
after dose 1. Antibody responses were further boosted after a second dose in ferrets. Upon live virus challenge,
animals that received the mRNA-based vaccines were protected.

Conclusion

In summary, we have generated preclinical proof-of-concept data that support further clinical development of
MRNA-based seasonal influenza vaccine candidates.
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Background

Influenza is a highly contagious, acute respiratory disease that affects all age groups and evidence suggests that
flu also causes additional burden with health impacts including cardiovascular events and the exacerbation of
chronic underlying conditions. Vaccination is the most effective strategy to protect against seasonal influenza
infection and protecting beyond flu meaning preventing further complications. Current licensed vaccines protect
individuals predominantly through the induction of protective antibody responses against the major viral surface
glycoprotein, hemagglutinin (HA). The influenza virus regularly mutates through antigenic drift and requires
seasonal vaccine composition updates to better match circulating strains annually in the northern and southern
hemisphere. Current quadrivalent (QIV) influenza vaccines contain 2 type A strains (H1 and H3) and 2 type B
strains (Yamagata and Victoria lineages).

Method

Sanofi is developing a promising alternative to the conventional vaccine platforms, a QIV influenza vaccine based
on delivery of the HA antigens for H1, H3, B-Yamagata, and B-Victoria as modified messenger ribonucleic acid
(mRNA) in a lipid nanoparticle (LNP). In addition to the humoral response induced by the in vivo expressed HA
proteins, cellular responses as well as the LNP activating adjuvant-like immune signals may improve the overall
vaccine effectiveness. In this study, the immunogenicity of a QIV mRNA formulated in a LNP was assessed in the
naive ferret model, which is a long-standing accepted animal model for influenza research and vaccine
development. Humoral responses were evaluated after second immunization using the hemagglutination inhibition
(HAI) assay for binding or microneutralization (mNT) assay for functional antibody responses.

Result

All ferrets immunized with QIV mRNA formulations elicited HA responses to all subtypes as measured by HAI and
mNT. In addition, local reactogenicity at the injection site scored as mild and no adverse observations were
observed for ferrets receiving different doses of the QIV mRNA formulations and overall were no different from
control groups.

Conclusion

The observed responses in the naive ferret model post two immunizations may not be representative of the
responses expected in individuals that have already been exposed to influenza. To mimic the human population
that has pre-existing immunity to flu, we have developed a ferret pre-immune model to all 4 subtypes and currently
evaluating the QIV mRNA vaccine formulations as a single dose schedule. Overall, our immunogenicity study in
the naive ferret model has demonstrated that the QIV mRNA formulated in a LNP is a robust platform for the
development of an alternative influenza seasonal vaccine.
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Background

Vaccination with standard, egg-derived quadrivalent inactivated influenza vaccines (QIVe) is less effective in adults
265 years. Two vaccines were specifically developed to enhance protection in older adults: MF59-adjuvanted
trivalent influenza vaccine (aTlV) and high-dose trivalent influenza vaccine (HD-TIV). This study estimated the
relative vaccine effectiveness (rVE) of aTIV vs. HD-TIV or QIVe in preventing cardio-respiratory related
hospitalizations, during the 2019-20 influenza season among adults 265 years in the United States.

Method

We conducted a retrospective cohort study using electronic medical records linked to pharmacy and medical claims
data during the influenza season, defined as September 30, 2019 - March 7, 2020. Since influenza is associated
with adverse cardiovascular-respiratory events, the outcomes evaluated were cardio-respiratory-related
hospitalizations and respiratory-related hospitalizations, and specifically influenza-related and pneumonia-related
hospitalizations as well as hospitalizations related to myocardial infarction and ischemic stroke. Outcomes were
defined as a diagnosis in any position of the claim and separately in the first position (regardless of the diagnoses
in the subsequent positions). A doubly robust, inverse probability of treatment weighting methodology was used to
obtain odds ratios (ORs) adjusted for age, sex, race, ethnicity, geographic region, vaccination week, health status,
frailty, and healthcare resource utilization. rVE was determined using the formula (1-ORadjusted)*100.

Result

During the 2019-20 influenza season, 4,299,594 individuals met the study selection criteria. Of those, 1,083,466
(25.2%) received aTlV, 2,448,403 (56.9%) received HD-TIV and 767,725 (17.9%) received QlVe. aTIV was more
effective compared to QIVe and HD-TIV across all cardio-respiratory related hospitalization outcomes in the any
diagnosis position (Figure 1). The rVE for the comparison of aTIV vs QIVe was consistently higher than for the
comparison of aTIV versus HD-TIV. Results were consistent when limiting to the primary/admitting diagnosis,
except for ischemic stroke hospitalizations for which no difference was observed compared to HD-TIV.

Conclusion

The results from this large real-world study demonstrated the benefit of aTIV over QIVe or HD-TIV for the prevention
of cardio-respiratory related hospitalizations during the 2019-20 season, including influenza-related
hospitalizations.
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Background

Recent studies have demonstrated the improved effectiveness of mammalian cell-based quadrivalent influenza
vaccine (QIVc) compared to egg-based quadrivalent influenza vaccines (QIVe) as production using cell-derived
candidate viruses eliminates the opportunity for egg-adaptation. This study estimated the adjusted relative vaccine
effectiveness (rVE) of QIVc compared to QIVe in preventing cardio-respiratory related hospitalizations during the
2019-2020 influenza season in US adults.

Method

We conducted a retrospective cohort study using electronic medical records linked to claims data during the
influenza season, defined as September 30, 2019 - March 7, 2020. Adults 18-64 years with a record of vaccination
with QIVc or QIVe were included in the analysis. Since influenza is associated with adverse cardio-respiratory
events, the outcomes evaluated included influenza related hospitalizations, as well as cardio-respiratory- and
respiratory-events overall, and specifically hospitalizations related to pneumonia, myocardial infarction and
ischemic stroke. Outcomes were defined as a diagnosis in any position of the claim and the first position (regardless
of the diagnoses in the subsequent positions). A doubly robust, inverse probability of treatment weighting
methodology was used to obtain odds ratios (ORs) adjusted for age, sex, race, ethnicity, geographic region,
vaccination week, health status, frailty, and healthcare resource utilization. rVE was determined using the formula
(1-ORadjusted)*100.

Result

Among adults 18-64 years, 1,491,097 (25.2%) individuals and 4,414,758 (74.8%) individuals received the QIVc
and QIVe vaccines, respectively. QIVc was more effective compared to QIVe in preventing cardio-respiratory-
related and respiratory-related hospitalizations, including influenza-related hospitalizations (Figure 1). When
restricting to the first diagnosis position, estimates were similar for influenza-related hospitalizations, but included
the null. No difference was observed between QIVc versus QIVe for the outcomes of pneumonia, myocardial
infarction or ischemic stroke hospitalizations.

Conclusion

Results from 2019-2020 season support the greater vaccine effectiveness of QIVc compared to QIVe in preventing
cardio-respiratory, respiratory, and influenza-related hospitalizations among adults 18-64 years.
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Background

Traditional influenza vaccines contain antigens from viruses grown in eggs, a process that might result in mutations
that alter glycosylation, impair neutralizing antibody response, and reduce vaccine effectiveness (VE). Some
licensed influenza vaccines are manufactured without eggs, but sequential vaccination effects have not been
compared for egg and non-egg vaccines. We assessed the immunogenicity of sequential vaccination with
quadrivalent egg-based inactivated (IIV), cell culture-based inactivated (ccllV), and recombinant (RIV) influenza
vaccine.

Method

This randomized open-label trial was conducted in Wisconsin, United States, across two influenza seasons. Adults
(18-64 years) were randomized to receive the same vaccine, ccllV, RIV, or IV, in both 2018-19 and 2019-20. Sera
were obtained before and ~28 days after vaccination each season to measure hemagglutination inhibition titers
against egg- and cell culture-propagated H1N1 and H3N2 vaccine reference (or antigenically similar) viruses.
Geometric mean titer (GMT) and mean fold rise (MFR) from pre to post vaccination were estimated using back-
transformed model means and differences, respectively, from general linear mixed model regressions with log2-
transformed titers.

Result

Analysis included 348 adults (115 received ccllV, 115 received RIV, 118 received IIV). Patterns of response for
each vaccine type were similar for both HIN1 and H3N2 egg- and cell-propagated viruses. MFR in season 2 ranged
from 2.3 to 3.1 against the egg-propagated (A/Brisbane/02/2018) and 2.1 to 3.7 against the cell-propagated
(A/Idaho/07/2018) H1N1 vaccine viruses. Postvaccination GMT against the egg-propagated H1N1 virus in season
2 did not differ by vaccine type, but GMT against the cell-propagated virus was significantly higher for RIV than 11V
recipients (GMT [95% CI]: RIV 86 [67-111], IV 55 [43-70]; p=0.01). For H3N2, MFR in season 2 ranged from 2.7
to 4.3 and 2.4 to 4.9 against the egg- and cell-propagated vaccine (A/Kansas/14/2017) viruses, respectively.
Postvaccination GMT against the egg-propagated H3N2 virus in season 2 was significantly higher for RIV and 11V
vs ccllV recipients (GMT [95% CI]: RIV 177 [146-214], 11V 139 [115-167], ccllV 100 [82-121]; p<0.001 and p=0.02).
Postvaccination GMT against the cell-propagated H3N2 virus was significantly higher for RIV vs IV and ccllV
recipients (GMT [95% CI]: RIV 145 [120-176], IV 107 [89-130], ccllV 79 [64-95], p=0.03 and p<0.001).

Conclusion

In this two-year immunogenicity trial, RIV in consecutive seasons elicited higher antibody titers, particularly against
H3N2. Future studies should directly compare clinical VE against influenza virus infection between repeated
recombinant HA or cell culture-based vaccines and egg-based vaccines.
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Background

Influenza results in substantial morbidity and mortality. Annual vaccination remains the most effective method to
prevent influenza and its complications, but it is unclear whether some licensed influenza vaccines provide better
protection than others. We assessed humoral and cell-mediated immune (CMI) responses to cell culture-based
inactivated (ccllV) and recombinant-hemagglutinin (R1V) influenza vaccines compared to conventional egg-based
inactivated influenza vaccine (1) among a subset of healthcare personal with extended flu vaccination history and
enrolled in a larger randomized trial.

Method

Eligible participants (N=100) were enrolled within age strata (18-44 years, 45-64 years) to receive a single dose of
cclV (Flucelvax™ Quadrivalent by Seqirus, Inc., 15ug of HA per strain) versus RIV (Flublok® Quadrivalent by
Sanofi Pasteur, 45ug of HA per strain) versus standard dose 11V (Fluzone® Quadrivalent by Sanofi Pasteur or
Fluarix Quadrivalent by GSK, 15ug of HA per strain) during 2018-19 season. Participants had sera collected just
prior to vaccination and at approximately 28 days and 6 months post-vaccination to evaluate humoral immune
responses to vaccination by microneutralization (MN) assays against cell-grown A(H3N2) vaccine reference virus,
and whole blood at pre-vaccination and at approximately 7 days, 28 days, and 6 months post-vaccination for
peripheral blood mononuclear cells to evaluate CMI responses. CMI responses were evaluated by multiparametric
flow cytometry for circulating follicular T helper cells (cTfh) and HA-specific B cells using recombinant receptor-
binding site (RBS)-mutated hemagglutinin probes (rHA) derived from the 2018-19 influenza vaccine viruses.

Result

The RIV induced more robust anti-HA antibody and HA-specific B cell responses to A(H3N2) on day 28 post-
vaccination compared to ccllV4 and I11V. Pre-vaccination MN geometric mean titers (GMTs) against A(H3N2) were
similar between the vaccine arms. The MN GMT fold rise from pre-to post- vaccination for A(H3N2) was 8.5 (95%
confidence interval [Cl] 4.1 -12.8) for RIV, and 3.2 (95% CI: 1.2-5.1) and 1.2 (95% CI: 1-1.4) for ccllV and IV
respectively. Only RIV induced A(H3N2) HA-specific B cells: cell percentage fold rise [FR] was 1.7 (95% CI: 1.3-
2.2) on day 28. GMTs on day 28 and 6 months correlated with HA-specific B cell FR on day 7 (p=0.0002, r2 = 0.14
and p<0.0004, r2 = 0.18) and day 28 (p=0.0004, r2 = 0.12 and p=0.003, r2 = 0.1) post-vaccination. Furthermore,
only RIV induced cTfh cells (FR 1.4, 95% CI: 1 - 1.8) on day 28 post-vaccination.

Conclusion
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In highly vaccinated health care personnel, RIV induced more robust humoral and CMI responses to A(H3N2)
component when compared to egg- or cell-culture based influenza vaccines.
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Background

Development of effective and safe vaccines manufactured with cell-based technology is a major advance towards
meeting the global demand for vaccine in the event of a novel zoonotic influenza pandemic. All commercial
pandemic preparedness vaccines contain H5N1 strains, yet various other influenza subtypes have pandemic risks.
We evaluated the safety profile of MF59-adjuvanted vaccines manufactured via cell technology for a variety of
zoonotic influenza virus subtypes to support the use of these vaccines during the early stages of an outbreak.

Method

Safety data were integrated from 11 clinical studies evaluating 4 MF59-adjuvanted monovalent cell culture-derived
pandemic vaccines for different virus subtypes (HIN1, H3N2, H5N1 & H7N9) made on the same platform. The
studies were similar in design, inclusion/exclusion criteria, vaccine dose (7.5 pg HA and 0.25 mL of MF59) and
criteria for safety evaluation. Subjects received two doses of vaccine, 3 weeks apart. This analysis focuses on
solicited local and systemic reactions collected for 7 consecutive days after each vaccination in subjects 18 to <65
yrs of age.

Result

2162 adults, similar in age and gender across studies, received at least one dose of one of the 4 vaccines. Across
all 4 vaccines percentages of subjects experiencing solicited adverse events (AEs) from day 1 to 7 following any
vaccination were comparable, fewer solicited AEs were reported after the second vaccination than the first. The
majority of solicited local and systemic AEs were mild to moderate in nature. The most frequent solicited local AE
after any vaccination regardless of vaccine subtype was injection site pain. Fatigue, myalgia and headache were
the most often reported solicited systemic AEs after any vaccination. For all vaccines most solicited AEs had onset
from 1 to 3 days after vaccination and resolved within a few days.

Conclusion

Integration of safety data from clinical trials representing 4 pandemic vaccines manufactured on the same cell
platform and containing the adjuvant MF59 show that solicited local and systemic reactions reported by subjects
are similar in nature, regardless of the vaccine's virus subtype. All 4 vaccines were well tolerated, had acceptable
safety profiles without clinically relevant differences in nature and severity of solicited reactions. These findings
support the use of the adjuvanted cell-based technology for vaccine development in the event of an influenza
pandemic.
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Background

The overall Influenza virus vaccine effectiveness varies between seasons, and it is estimated that the H3N2 vaccine
component frequently has the lowest performance in protection (5-39%). Multiple studies point to the protective
potential of influenza neuraminidase (NA) inhibitory antibodies in the clinic. Therefore, the inclusion of a
standardized amount of NA antigen has been proposed as a valuable second layer of protection, to potentially
increase the breadth of protection, and to compensate for potential HA mismatches of next generation influenza
vaccines. However, little is known about the antigenic landscape of NA from circulating human H3N2 strains. Here
we determined the inhibition of a large panel of NAs corresponding to H3N2 viruses that circulated between 2009
and 2017 to better understand the mutations that result in antigenic drift of NA.

Method

Anti-NA sera were raised in ferrets and mice using a panel of 44 H1N2 viruses and/or recombinant NAs. The anti-
NA response was determined by ELISA and the breadth of NA inhibition (NAI) was determined using HE6N2
reassortant viruses by Enzyme-Linked Lectin Assay (ELLA).

Result

Ferrets were primed by infection with HIN2 reassortant viruses and boosted with soluble recombinant N2. The NAI
titers of the resulting sera were determined against a panel of 27 distinct HGN2s and revealed a N2 inhibition pattern
that agrees with the phylogenetic relatedness of the N2 protein sequences. The 27 tested H6N2s could be classified
into at least four major antigenic groups. In addition, the sera tested after HIN2 priming only, displayed the same
pattern of cross-inhibition as the N2 protein boost sera. Moreover, NAI titers of sera from mice that had been
immunized with recombinant N2 NA, followed the same pattern of breadth and specificity as the ferret sera. We
performed an association analysis to rank the probability of each amino acid residue change to impact on NAI. This
analysis revealed that 9 to 24 residues may impact on NAI in each of the evaluated HGEN2s. The results were
consistent within each antigenic group. Furthermore, amino acids in close proximity of the catalytic site are most
likely impacting on NAI.

Conclusion

N2 NAs from 2009 until 2017 can be classified in at least 4 distinct antigenic groups based on the cross-inhibiting
NAI response. This pattern is similar in ferrets and mice. The NAI breadth of the immune response induced by
H1N2 infection of ferrets correlates very well with that obtained from subsequently NA protein-boosted sera. Finally,
amino acid substitutions that dictate the antigenic landscape of our H3N2 breadth panel are most likely to be
located in close proximity of the NA catalytic site. (Study funded by Sanofi)
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Background

Older adults are vulnerable to influenza virus infections, but repeat annual influenza vaccination has been linked
to reduced immunogenicity and lower clinical effectiveness especially against A(H3N2). Here, we examined
whether enhanced influenza vaccines with improved immunogenicity for older adults could overcome blunted
antibody responses to A(H3N2) associated with repeat vaccination.

Method

From October 2017 through January 2018, community-dwelling older adults between 65 and 82 years of age were
recruited in Hong Kong and were randomly assigned to receive a standard-dose quadrivalent vaccine, MF59-
adjuvanted trivalent vaccine, high-dose trivalent vaccine, or recombinant-hemagglutinin quadrivalent vaccine.
Serum samples from a subset of 800 participants (200 per vaccine type) collected before and approximately 30
days after vaccination were tested by hemagglutination inhibition (HAI) assay against egg-propagated A(H3N2)
antigen and microneutralization (MN) assays against cell-propagated A(H3N2) antigen.

Result

Older adults who were not vaccinated in the prior 2016/17 season had higher mean fold rise (MFR) and achieved
higher geometric mean titers (GMT) following vaccination with 2017/18 vaccine compared to those vaccinated in
both 2016/17 and 2017/18. This was observed with both HAI and MN against egg-propagated A(H3N2) antigen.
This blunting of antibody response among previously vaccinated adults was observed with the standard-dose
vaccine as well as the 3 enhanced vaccines. The blunted antibody response was less pronounced using cell-
propagated antigen.

Conclusion

Our study found that blunted antibody responses to A(H3N2) vaccine strain occurred among previously vaccinated
older adults. Blunting was not lower among those who received a high-dose, adjuvanted, or recombinant-
hemagglutinin vaccine.
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Background

SARS-CoV-2 vaccines, Spike mRNA (BNT162b2) and Alum adjuvanted whole inactivated virion (CoronaVac) are
available for use in those aged 5 or 3 years and above respectively in Hong Kong. Whilst children and adolescents
experience lower COVID-19 mortality and morbidity than adults, complications, hospitalisations and death do still
occur. This age group can also further contribute to virus transmission within a community and increase the
probability of future variants arising. Therefore, vaccination of children and adolescents can mitigate the impact of
COVID-19. Assessment of neutralising antibodies has been carried out in adolescents following vaccination with
both BNT162b2 and CoronaVac, however other assessments of antibody quality have not been made. The
potential benefits of intradermal CoronaVac vaccination for children as a way of targeting larger numbers of antigen
presenting cells and improving the antibody response to this vaccine has also not yet been explored.

Method

Antibody effector function such antibody dependent cell cytotoxicity (ADCC) via FcyRllla binding and antibody
avidity by the Fab region are markers protection from severe disease and long-term neutralisation respectively. In
this study, adolescents (aged 11-17 years) donated plasma at 3 time points before and after receiving a 2 dose-
regime of BNT162b2 or CoronaVac. BNT162b2 was delivered via the intramuscular route, while CoronaVac was
delivered intradermally or intramuscularly. Plasma was then used in ELISA assays to compare quality of antibody
responses between vaccines and with adults for Spike specific avidity and FcyRllla binding.

Result

Here we show that both vaccines induce Spike IgG and FcyRIlla-binding antibodies in adolescents. These
antibodies are equivalent in vaccinated adolescents and adults, and similarly to adults, are significantly higher
following BNT162b2 vaccination compared with CoronaVac. Antibody avidity following vaccination was higher in
adolescents than adults. These responses are further maintained against the Omicron BA.1 variant.

Conclusion

Vaccinated adolescents mount anti-Spike antibody responses that are equivalent to or greater than vaccinated

adults. These vaccine-induced responses are cross reactive with variants of concern and so may provide significant
protection to adolescents, supporting arguments for the vaccination of adolescents.
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Background

Since its first isolation, SARS-CoV-2 has continuously mutated with the emergence of several variants. The recently
emerged SARS-CoV-2 Omicron variant exhibits several mutations on the spike protein, enabling it to escape the
immunity elicited by natural infection or vaccines.

Avidity is defined as the strength of binding between an antibody and its specific target epitope, and is established
during affinity maturation. The absence of high avidity IgG may result in a lack of protective immunity towards
infection. The SARS-CoV-2 spike protein, via the receptor-binding site, binds to its cellular receptor with high
affinity, and is the primary target of neutralizing antibodies. Therefore, protective antibodies should show high
avidity.

This study aimed at investigating the avidity of receptor-binding domain (RBD) binding antibodies and their
neutralizing activity against the Omicron variant in COVID-19 patients and vaccinated subjects.

Method

Serum samples were collected from hospitalized COVID-19 patients and from subjects who had received two
doses of MRNA vaccine, three doses of mMRNA vaccine, or two doses of adenovirus-based vaccine and a booster
dose of MRNA vaccine, and were tested for RBD-binding 1gG, RBD-binding IgG avidity and neutralizing antibodies
against the wild-type SARS-CoV-2 virus and the Omicron variant.

Result

In COVID-19 patients, RBD-binding IgG titres and avidity indexes against the SARS CoV-2 wild-type virus
increased with time, but remained low. High neutralizing antibody titres against the wild-type virus were not matched
by high avidity indexes or neutralizing activity against the Omicron variant.

Vaccinated subjects showed higher avidity indexes than patients. Two vaccine doses elicited the production of
neutralizing antibodies, but low avidity for the wild-type virus; antibody levels against the Omicron variant were
even lower. Conversely, three doses of vaccine elicited high avidity and high neutralizing antibodies against both
the wild-type virus and the Omicron variant. No differences were found between subjects who had received three
doses of MRNA vaccine and those who had received two doses of adenovirus-based vaccine and a booster dose
of MRNA vaccine.

Conclusion

Results from this study showed that repeated vaccination is able to induce higher levels of functional antibodies
with higher avidity than those induced by natural infection. Overall, repeated vaccination increases antibody avidity
against the spike protein of the Omicron variant, suggesting the idea that antibodies with high avidity and high
neutralizing potential can increase cross-protection against variants that carry several mutations on the RBD.
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Background

Breakthrough SARS-CoV-2 infection in COVID-19 vaccinees typically results in less severe disease. We analysed
initial immune responses to breakthrough infection in adult participants from a 2:1 randomised, double-blind,
placebo-controlled Phase 3 study of 2-dose primary series AZD1222 (ChAdOx1 nCoV-19) vaccination
(NCT04516746) to investigate if vaccinated individuals had enhanced cellular responses that may attenuate the
severity of COVID-19.

Method

Study participants who experienced US CDC COVID-19 symptoms for =2 days, or any duration of fever, shortness
of breath, or difficulty breathing, initiated illness visits. We analysed PBMCs, sera, and nasopharyngeal swabs from
participants who had PCR-confirmed SARS-CoV-2 infection 215 days after dose 2 of AZD1222 or placebo and
provided samples during their first illness visit. CD4+ and CD8+ T cell response rates were assessed using
intracellular cytokine staining assays and flow cytometry. Neutralising antibody titres were assessed using a SARS-
CoV-2 pseudovirus assay. Viral shedding and viral load were assessed using quantitative RT-PCR.

Result

AZD1222 vaccinees had significantly higher levels of SARS-CoV-2 spike-specific CD4+ and CD8+ T cells than
placebo participants (figure). The proportion of participants generating spike-specific T cells was higher in AZD1222
vaccinees. Neutralising antibody responses in AZD1222 vaccinees correlated with CD4+ (Spearman rank 0.65;
p=0.02) but not CD8+ (Spearman rank 0.05; p=0.85) T cell responses. A greater proportion of T cells from AZD1222
vaccinees displayed polyfunctional markers vs those from placebo recipients. Correlations between CD4+ and
CD8+ T cell responses with viral shedding and viral load in AZD1222 vaccinees and placebo participants will be
presented.

Figure. CD4+ and CD8+ T cell responses to breakthrough infection in AZD1222 vaccinees and placebo recipients
at first illness visit.
Not significant (NS), p>0.05; *p<0.05; **p=<0.01; ***p=<0.001.

TAny combination of CD154, interferon gamma (IFNy), interleukin-2 (IL-2) and tumour necrosis factor alpha (TNFa)
for CD4+ T cells and IFNy, IL-2, and TNFa for CD8+ T cells; $Any response above the lower limit of quantitation

[LLoQY]).

Conclusion

AZD1222 vaccinees had higher spike-specific T cell responses than placebo participants to early symptomatic
SARS-CoV-2 infection, with greater proportions with polyfunctional markers, indicating robust cellular recall
responses to vaccination.

This study is funded by AstraZeneca.
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Background

Mechanisms underlying SARS-CoV-2 clearance are poorly understood and a better understanding is crucial to
guide clinical management.

Method

Here, we studied the timing of viral clearance in relation to 122 immune parameters in 102 hospitalized patients
with moderate and severe COVID-19 in a longitudinal design.

Result

Delayed viral clearance was associated with more severe disease, which occurred after the virus had been cleared
in most cases. Apparent paradoxically, delayed viral clearance was associated with over time higher levels of
SARS-CoV-2 specific 1gG, IgA, and neutralizing antibodies, increased numbers of neutrophils, monocytes,
basophils, and a wide range of pro-inflammatory cyto-/chemokines, including IL-4, IL-6, sIL-6Rbeta, LIF, HGF,
SCGF-beta, and sCD163. In contrast, early viral clearance and less critical illness correlated with higher levels of
naive CD4+ T cells, suggesting their role in early control of SARS-CoV-2. The timing of viral clearance coincided
with peaks of effector T and B cells.

Conclusion

Collectively, our data show that absence of rapid T cell control corresponds with delayed clearance, followed by
aberrant antibody and cytokine profiles and disease deterioration. Viral clearance often precedes critical illness,
which supports immunopathology as underlying mechanism, including the enhanced innate response related to
the prolonged virus-induced tissue damage.
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Frailty, age and outcomes of hospitalized adults differ across waves
of the COVID-19 pandemic; a report from the CIRN Serious
Outcomes Surveillance (SOS) Network
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Background

Frailty is a holistic measure of health status which influences risk, disease expression, and outcomes of illnesses
including COVID-19. Here we report characteristics, including frailty, and outcomes of adults admitted to Canadian
Immunization Research Network (CIRN) Serious Outcomes Surveillance (SOS) Network hospitals with COVID-19
during pandemic waves 1-5.

Method

Patients with laboratory-confirmed COVID-19 admitted to eleven sites in Ontario, Quebec, Alberta and Nova Scotia
were enrolled in this prospective observational cohort study. Waves varied slightly by jurisdiction, but were defined
by admission date as W1:Mar 1-Aug 31,2020, W2:Sept 1,2020-Feb 28,2021, W3:Mar 1,2021-Aug 31,2021,
W4:Sept 1,2021-Nov 30 2021, W5:Dec 1,2021-Feb 28, 2022. Key measures included age, Clinical Frailty Scale
(CFS 1-3=fit, 4=vulnerable, 5=mildly frail, 6=moderately frail, 7=severely frail), demographics, and vaccination
status. Outcomes of interest included intensive care unit admission and survival (data collection is ongoing and
outcomes are not yet confirmed for some patients).

Result

Among 9432 patients, mean age by wave was W1:68.8 (95%CI:67.6-70.1), W2:71.4(70.8-72.0), W3:59.7(59.0-
60.4), W4:59.8(58.5-61.2), and W5:66.9(66.2-67.6). The full spectrum of frailty was represented in both younger
and older age groups. Frailty was highest in W2[CFS 4.4(4.4-4.5)] and W5[CFS 4.3(4.2-4.4)], and lowest in
W3J[CFS 3.7(3.6-3.8)] and W4[CFS 3.9(3.7-4.1)]. Mortality was higher in W1(20.8%) and W2(23.0%) compared
with W3(12.0%), W4(10.2%), and W5(3.5%). Patients who died were older and frailer than the mean in each wave,
though in W3-4 the mean CFS of those who died (4.7 and 4.8) was < mildly frail.

Conclusion

Frailty and age of patients admitted with COVID-19 to Canadian hospitals decreased in W3 and W4, and outcomes
have varied across waves. This is likely due to multiple factors including vaccination program targeting (in the
earliest phases of programmatic roll-out), higher vaccine uptake in older age groups and among those with multiple
medical conditions, introduction of therapeutics, and emergence of Variants of Concern associated with severe
illness in younger, less frail, individuals in later waves. Frailty is a critical clinical factor in predicting outcomes of
COVID-19, which should be considered in research and clinical settings.
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Background

Most anti-viral vaccines, including COVID-19 vaccines, induce neutralizing antibodies as a correlate of protection
(CoP). Here we describe a novel model to predict the absolute serum neutralizing antibody titer required for
prevention of symptomatic COVID-19, and its validation from Phase 2/3 clinical trial of adintrevimab (ADI) for
prevention.

Method

To determine neutralizing antibody (nAb) titers that were associated with protection against symptomatic COVID-
19, a literature search was conducted to evaluate efficacy data from vaccines and monoclonal antibodies (mAb).
Median authentic virus serum neutralizing titers induced by vaccination or passive mAb therapy were measured
experimentally or projected based on mAb pharmacokinetic (PK) and neutralization IC50 data. From previous FIH
study of ADI, PK and neutralizing titers correlate in a predictable manner. Therefore, to validate the CoP, serum
concentrations from population PK model based on Phase 2/3 data of ADI on days 55 and 76 (Omicron
BA.1/BA1.1), and 90 (Delta) were used to calculate predictive nAb titers and corresponding efficacy for the Delta
and Omicron variants and then compared to clinical efficacy results from the EVADE clinical trial in prevention of
COVID-19.

Result

A CoP was identified as an authentic virus serum neutralizing titer of 1:100 which would provide approximately
70% protection against development of symptomatic COVID-19. Population PK median serum concentrations of
ADI at 55, 76, and 90 days were 29.8 mg/L, 26.7 mg/L, and 24.6 mg/L, respectively. The neutralizing titer against
Delta was extrapolated to be 1:4100 at day 90, predicting ADI would have at least 70% protection. This was
consistent with the observed clinical outcome from the EVADE trial where patients taking ADI experienced a 71%
reduction in development of symptomatic COVID-19 through 3 months. Neutralizing titers against Omicron were
extrapolated to be 1:29 and 1:26, at days 55 and 76, respectively. The model predicted an efficacy of approximately
50% and 46.6% for ADI against Omicron given a higher IC50. This was in range of the observed efficacy of 62.3%
and 50.9% at a median follow-up of 55 and 76 days in EVADE.

Conclusion

An authentic virus serum neutralizing titer of 1:100 was established as a CoP for the prevention of symptomatic
COVID-19 and validated using Phase 2/3 clinical data in a model that could be used to predict expected outcomes
and redosing strategy based on IC50 of the circulating variant.
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Background

New antiviral agents for COVID-19, including molnupiravir for the oral treatment and sotrovimab as the monoclonal
antibody for the intravenous treatment are currently authorized and available in Japan.

Method

We investigate the clinical use of molnupiravir for COVID-19 patients in our tertiary hospital from January to May
2022, which was the omicron strains dominant term.

Result

35 patients received the molnupiravir administration. 32/35 patients were used combined with sotrovimab. The
patients were 67.3 years old (26-90 y.o) and all survived. In the same term, the patients treated by sotrovimab
alone were 14 cases of 79.0 (63-92) y.o. Furthermore, the mild/moderate patients treated by molnupiravir were
15/20 cases although all patients with sotrovimab alone were mild. However, one patient treated by sotrovimab
alone was died.

Conclusion

Most of the molnupiravir were used in the combination with sotrovimab. Molnupiravir may be useful for the COVID-
19 patients who could accept oral administration of antiviral agents in the clinical setting.
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Functional analysis of polymeric monoclonal anti-SARS-CoV-2 IgA
antibodies
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Background

Neutralizing antibodies (Abs) against SARS-CoV-2 mainly target its spike protein, a viral glycoprotein that mediates
binding to ACE2. Although the neutralizing Abs against SARS-CoV-2 have been well characterized, majority of
studies have been limited to analyses on monomeric IgG Abs. The mucosal barrier including secretory IgA Abs
(SlgAs) with polymeric forms plays as the first line of protection against SARS-CoV-2 infection on respiratory
mucosa. It was reported that early and intense induction of SARS-CoV-2 spike-specific IgA Abs on nasal mucosa
linked to a rapid decrease in viral road. However, it is not obvious which quaternary structures or paratopes of IgA
Abs contribute to this high antiviral activity. In this study, we generated recombinant monoclonal human anti-SARS-
CoV-2 polymeric SIgAs based on the well-characterized anti-SARS-CoV-2 IgG Abs and evaluated the potency of
the polymeric SIgAs on inhibition against SARS-CoV-2 infection.

Method

Seven clones of recombinant monoclonal polymeric SIigAs against SARS-CoV-2 S protein were generated, which
were originally identified as binding Abs as IgG and are classified according to the binding epitopes on the spike
protein: four classes for receptor binding domain and a class for N-terminal domain. The antigen binding abilities
and antiviral activities of these polymeric SIgAs were compared with those of monomeric IgG or IgA by ELISA and
biolayer interferometry, and by pseudotyped and authentic virus neutralization assay against variants of concern
respectively.

Result

All seven clones of the polymeric SIgAs showed higher binding abilities and antiviral activities against strain A
(Wuhan) than monomers, partly because polymeric SIgAs dissociated less well from spike protein than monomers.
Although, the degree of the increase in binding abilities did not necessarily correlate with that in antiviral activities,
class 4 clones, which interact with the core region of receptor-binding domain (RBD), showed increased
neutralizing activities against alpha, beta, delta, Omicron BA.1, and BA.2 variants by IgA polymerization, especially
in IgA1l subclass.

Conclusion

These results suggested that the conversion of monomeric 1gG or IgA to polymeric SIgAs may be advantageous
against SARS-CoV-2 infection, but the degree of increase in binding and antiviral activities by conversion to
polymeric SIgAs varied from clone to clone. Notably, IgA1 Abs targeting the core region of RBD efficiently increase
binding and antiviral activity upon multimerization, suggesting the importance of SIgA1 in mucosal Abs. Further
studies are needed for better understanding the role of polymeric SIgAs in protection against SARS-CoV-2 infection
in respiratory mucosal tissues.
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Antibody responses after two-doses of inactivated vaccine followed
by a booster dose of either viral-vector or mRNA COVID-19 vaccine
in healthcare workers in Thailand
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Background

In response to the wave of SARS CoV-2 Delta(B1.671.2)variant in Thailand, the Ministry of Public Health
recommended that healthcare workers(HCWSs) receive a booster dose of COVID-19 vaccine. HCWSs had previously
received two doses of Sinovac and were offered either AZD1222(ChAdOx1 nCoV19 vaccine, Oxford-AstraZeneca)
or BNT162b2(BNT162b2 vaccine, Pfizer-BioNTech) as boosters. We report on the effect of the booster on binding
and neutralizing antibodies specific to the Delta(B1.671.2) variant among HCWSs in Nakhon Phanom province,
Thailand.

Method

In June 2021, we collected blood from 106 HCWSs 4 weeks after the second SARS CoV-2 vaccination and then 4-
6weeks after the booster vaccination. Serum was screened for SARS-CoV-2 total Ig by sandwich qualitative
ELISA(Wantai Biological Pharmacy, Beijing) using the receptor-binding domain(RBD) as the test antigen. Positive
samples were further investigated for SARS-CoV-2 neutralizing(NT) antibodies with cytopathic effect based-
microneutralization(microNT) assay using Delta variant as the test antigen. We compared the proportion of each
group that had at least a fourfold increase in NT titers(a common assumption for seroconversion) with the exact
probability test, and we compared the geometric mean of NT antibody titers(GMNT) with the t-test.

Result

Among 106 healthcare providers who received two doses of Sinovac, 50 received AZD1222, and 56 received
BNT162b2 boosters. Females comprised 43/50 (86%) participants in the AZD1222 group and 45/56 (80%) in the
BNT162b2 group. The median ages were 45 years (IQR 34 - 52) and 36 years (IQR 31 - 42) (p < 0.001) in the
AZD1222 and BNT162b2 groups, respectively. In baseline sera, 100% of both groups were positive for SARS-
CoV-2 antibodies by ELISA; at 4 weeks after the booster, the mean total Ig values were 16.5+0.4and 16.7+0.5 in
the AZD1222 group and BNT162b2 group, respectively (p=0.75). In baseline sera, the GMNT were 5.75 (1, 6.4)
and 6.1 (5.3, 7.0) (p = 0.61); 4 weeks after booster vaccination, GMNT increased to 54.26 (42.18, 68.8) and 190.3
(153.8, 235.5) (p < 0.001) with proportions of 4-fold rise in antibody titers of 90% (78.2, 97.2) and 100% (93.6,
100.0) (p = 0.68) in the AZD1222 group and BNT162b2 group, respectively.

Conclusion

Booster doses of AZD1222 and BNT162b2 both elicited a 4-fold increase in NT antibody titers in 290% of HCWs,
although BNT162b2 elicited a higher overall response. This study demonstrated neutralizing antibody activity
against Delta variant in HCWs who completed two doses of inactivated vaccine and one booster dose with either
viral-vectored or mRNA vaccine. Further study is needed to determine the effect of the booster dose on clinical
outcomes and with other variants.
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Background

Influenza A viruses (IAVs) of the HON2 subtype are enzootic in poultry in Asia, the Middle East, and Africa, causing
significant economic damage to the poultry industry due to high morbidity and associated mortality. Due to their
zoonotic potential, the World Health Organization (WHO) places HON2 IAVs among those with pandemic concern.
To determine molecular signatures of antibody recognition of the hemagglutinin (HA) of the H9 subtype IAVSs,
phylogenetics, and antigenic cartography were combined.

Method

Analyzing the HA1 portion of H9 IAVs, 11 consensus sequences were produced to capture the potential antigenic
diversity of these viruses on a global scale. We created 11 chimeric HA sequences containing the HA1 of these
consensus sequences on a constant HA2 portion from a prototypic H9 strain. Nine chimeric HAs were successfully
rescued by reverse genetics, and the resulting viruses were used to generate antibodies in quails.

Result

Antigenic cartography maps were generated, plotting the cross-hemagglutination inhibition (HI) data from the panel
of sera against the chimeric constructs. ACMACS k-cluster analysis implemented with the Ward hierarchical-
clustering approach allowed the identification of 4 H9 HA antigenic clusters. Furthermore, few amino acid positions
of putative antigenic relevance allowed two-way complete antigenic cluster transitions. Although mutations at amino
acid positions 150, 180, and 217 (H9 HA numbering) had a relatively significant impact on HI activity, only the
mutations E180A, R131K/E180A, and F150L/Q2171 led to complete cluster transitions.

Conclusion

These studies suggest that a combination of a few amino acid residues modulates HI activity in the HA of H9 IAVSs.
Our studies provide significant insights into the antigenic profile of H9 IAVs with essential implications for
understanding antigenic drift and for improved vaccine development.
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Background

An integral step in vaccine development and antibody discovery is the ability to test serum or antibodies for their
functional activity such as virus neutralization. Standard neutralization assays, for example the plaque reduction
neutralization test (PRNT), the hemagglutination inhibition (HAI) assay, and the ELISA based microneutralization
assay (MNA) are limiting and pose challenges to laboratories without high containment facilities, restricting
research on influenza viruses with pandemic potential (e.g., H5N1 and H7N9). We set out to create an influenza
MNA that can be performed rapidly and safely in the BSL-2 laboratory, has biological relevance similar to a
traditional PRNT, and is comparable in sensitivity to the ELISA-based MNA for influenza standardized by the World
Health Organization.

Method

We used reverse genetics techniques to build a panel of representative replication-restricted reporter (R3) influenza
viruses carrying a fluorescent reporter gene by replacing an essential viral gene (i.e., HA or PB1). Thus, R3 viruses
are restricted to grow only in cells expressing the missing viral gene. These R3 viruses have the internal genes of
A/WSN/1933 with HA and NA genes derived from viruses of interest. Using these R3 viruses, we developed a
fluorescence-based high-throughput R3 virus MNA for in-depth profiling of influenza antibodies and serum which
is safely performed in a biosafety level 2 environment.

Result

The R3 virus MNA has facilitated significant improvements in our ability to characterize anti-influenza antibodies
and advance improved influenza vaccines. Our current panel represents 50+ R3 influenza A viruses including
group 1 H1, H2, H5, H6, H9 and group 2 H3, H7 and H10 subtypes as well as influenza B lineages. Recent and
upcoming studies have included deep profiling of broadly neutralizing antibodies, detailed evaluation of vaccine-
induced responses for pre-clinical and clinical samples, and characterization of the virus inhibitory activity of
antibodies to viral NA.

Conclusion

The improved R3-based influenza virus MNA is a powerful tool that has had a profound impact on our capability to
analyze vaccine-induced antibody responses and monoclonal antibodies. It has been used in multiple discovery,
preclinical, and clinical studies. As we evolve the panel of influenza viruses and improve throughput, the assay
continues to be an indispensable tool not only to assess immune responses but also to study virus-antibody
interactions that would not have been reliably possible with the traditional assays. New technologies such as this
are essential in our pursuit to develop broadly protective vaccines and therapeutics.
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Background

The relationship between mucosal humoral immunity and systemic humoral immunity, measured against specific
antigens, and its evolution over time is not well understood.

Method

We examined the correlation of antibody titers against different antigens and at different timepoints from serum
and nasal mucosal samples collected during a human influenza A (H1N1) intranasal (IN) challenge in vaccinated
and unvaccinated individuals.

Result

Most systemic antibody titers were boosted following challenge, but participants with relatively higher titers pre-
challenge also had higher titers post-challenge. There were strong correlations between systemic hemagglutinin
(HA) inhibition (HAI) and both HA IgG and HA Stalk IgG titers pre-challenge and 7 days post-challenge; at 8 weeks
post-challenge HAI and HA IgG were moderately correlated. There were significant moderate correlations between
systemic neuraminidase (NA) inhibition (NAI) and NA 1gG titers pre-challenge and 7 days post-challenge. However,
serum antibody responses against HA had no significant correlation with serum antibody responses against NA at
pre-challenge and 7 days post-challenge timepoints and had a modest correlation at the 8-week post-challenge
timepoint. At all timepoints, systemic antibody titers against each specific antigen did not correlate significantly with
mucosal titers against the same antigen. Similarly, there were no significant correlations between total serum IgA
or lgG titers and any other antibody levels.

Conclusion
These results suggest that there were no strong relationships between the systemic levels of antibodies against
HA and those against NA. Furthermore, the levels of serum IgG antibodies against a particular antigen were not

predictive of the levels of nasal IgA antibodies against the same antigen, suggesting an independence in immune
responses across systemic and mucosal compartments.
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Background

Dietary protein plays an important role in immunity against microbial infections. Previously, several studies have
established a positive correlation between calorie restriction and immunity to influenza. In our earlier studies in
mice fed with different levels of dietary protein, when compared with adequate protein (AP; 18%), we found that
mice maintained on very low protein (VLP; 2%) show significant defects in immune responses and protective
immunity to influenza.

Method

In the current study, by increasing the protein-derived energy from VLP to low protein (LP; 5%), we investigated
the effects of low protein diet when compared with AP diet in the mouse model of influenza infection.

Result

We found that virus-induced disease severity, based on virus-induced morbidity, mortality, and trafficking of
inflammatory cell types to the lung tissue, was comparable between AP and LP groups. Several virus-induced
cytokines (IL-6, IL-12p40) and chemokines (KC, GM-CSF, MCP-1, MIP-beta) were decreased in the lung tissue of
LP diet fed mice. Also, early antiviral response (IFN-beta) in the LP group was significantly decreased leading to a
relative increase in lung virus titer. Furthermore, despite a relative increase in percent pro-B cells (LP; 12.4 vs. AP;
8.6) and a decrease in immature B cells (LP; 3.8 vs. AP; 5.4) in the bone marrow, mice maintained on the LP diet
showed comparable virus-specific antibody response. Unexpectedly, when compared with AP group, influenza-
infected LP group of mice showed increase in percent IFNgamma+CD4+ T cells (Day 15: LP; 2.3 vs. AP; 0.7) and
percent influenza nuclear protein-specific CD8+ T cells (Day 15: LP; 4.1 vs. AP; 1.2) in the spleen. Moreover,
transfer of either immune serum or immune splenocytes from LP diet fed mice to naive mice conferred protective
immunity to viral challenge at levels comparable to transfer of immune mediators from AP group of mice.

Conclusion

Our results demonstrate the effect of lowering dietary protein on innate and adaptive immune responses to
influenza infection in mice and underscore the need to understand the different effects of protein-derived calorie
restriction to boost immunity against influenza virus infection.
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Background

Influenza (Flu) vaccine effectiveness (VE) varies from year-to year against outpatient influenza-like illness (ILI).
Data are limited about Flu VE in prevention of Flu-related hospitalizations.

Method

We conducted Flu surveillance at two US hospitals from Oct 2018 - Mar 2020 among adults age >=50 years
hospitalized with acute respiratory tract infections (ARI) and adults age 218 years with COPD or CHF-related
admissions. Adults were eligible if they resided in 1 of 8 counties around Atlanta, GA. Persons with symptoms >14
days were excluded. Nasopharyngeal and oropharyngeal swabs were tested for Flu using BioFire® FilmArray®
respiratory panel and standard of care molecular results were included (when available). Influenza vaccination
history was determined by Georgia vaccine registry review and review of inpatient and outpatient medical records.
We compared the demographic features and past medical history of Flu+/Flu- and vaccinated/nonvaccinated
patients (confirmed Flu vaccination history). We used a test-negative case-control design to determine Flu VE by
comparing the odds that the Flu+ group received vaccine to the odds that the Flu- group received vaccine.
Multivariable logistic regression was used to control for potential confounders.

Result

Among 3,090 eligible adults, 1607 (52%) were enrolled. Of the 1562 meeting the final case definition, 116 (7.4%)
were Flu+; 1516 had verified vaccination history of whom 701 (46.2%) were vaccinated. Of those vaccinated, 37
(5.3%) were Flu+. The unadjusted VE for the 2 seasons was 44.3% (95% CI:16, 62); Season 1 VE=47.8% (95%
Cl: -5.8, 74.2) and Season 2 VE=40.2% (95% CI: 1.2, 63.8). After adjustment for age, race/ethnicity, blood
disorders, diabetes, chronic kidney disease, transplantation, and other immunocompromising conditions, Flu VE
for the 2 seasons was 43.7% (95% ClI: 14, 63).

Conclusion

The adjusted Flu VE was 43.7% (95% CI: 14, 63) during the 2018 - 2020 influenza seasons in prevention of
influenza-related hospitalizations in this population.
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Background

Immunosenescence in older adults results in a lower immune response to vaccination, and sub-optimal
effectiveness of non-enhanced vaccines. The MF59-adjuvanted trivalent influenza vaccine (aTIV) and high-dose
influenza vaccine (HD-TIV) were both developed to improve response to influenza vaccination for older adults. This
systematic review and meta-analysis evaluated the relative vaccine effectiveness (rVE) of these two enhanced
vaccines.

Method

Peer-reviewed and grey literature published between 01-January-1997 and 17-September-2021 were included.
Observational studies evaluating the rVE of aTIV vs HD-TIV among adults 265 years of age were eligible. Paule-
Mandel random-effects meta-analysis was used for all analyses in anticipation of variable rVE due to viral, vaccine,
and host factors.

Result

After removal of duplicates, 4,627 publications were screened for eligibility and a total of 11 publications reporting
the rVE of aTIV vs HD-TIV were identified, 9 of which were included in at least one meta-analysis. Of the two
publications that were not included in any meta-analysis, one reported rVE among high-risk patients while the other
evaluated rVE against any respiratory outcome. The remaining 9 studies reported rVE estimates for prevention of
influenza-related medical encounters in different clinical settings over a 4-season period in the US. The pooled rVE
of aTIV vs HD-TIV for prevention of influenza-related medical encounters was 8.5% (95%CI: -3.0 to 18.8) for
outpatient encounters and 1.2% (95% CI: -1.3 to 3.8) for hospital/emergency department (ED) encounters (Figure
1), with high heterogeneity for both analyses.

Conclusion

Pooled estimates from multiple real-world evidence studies suggest that aTIV and HD-TIV have comparable
performance for prevention of influenza-related outpatient and hospital/ED encounters.
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Background

Influenza is a contagious viral airborne disease that adds to the clinical and economic burden on the healthcare
system that could be prevented substantially by seasonal influenza vaccination. Seasonal influenza vaccine
effectiveness (SIVE) varies a lot and should therefore be monitored. This report aims to update age-stratified SIVE
estimates among patients hospitalized due to severe acute respiratory infection (SARI) during the 2019-2020
influenza season.

Method

We performed a test-negative case-control study between December, 2019 and April, 2020 influenza season. We
estimated SIVE and its 95% confidence intervals (95% CI) with logistic regression as (1-odds ratio)*100%. The
models were adjusted for covariates that changed the unadjusted SIVE by 210%.

Result

Among 84 participants, 32 (38.1%) were influenza positive, mostly with A(HLN1)pdmO9. SIVE against any influenza
adjusted for age and heart disease was 60.8% (95% CI: 13.2%, 86.3%). Age-stratified point estimates adjusted for
heart diseases indicated different SIVE, and was 36.0% (95% CI: 3.2%, 409.2%) and 78.4% (95% CI: 17.4%,
352.2%) for =2 65 and 18-64 year-old participants, respectively.

Conclusion

The point estimates suggested high SIVE against any influenza among hospitalized 18-64-year-old SARI
participants, while lower estimates were found in the =65-year-old group. Although SIVE estimates confidence

intervals are broad and results can serve only as indicatory due to lacking sample size and therefore statistical
power, they are in line with the estimates reported by other studies during the 2019-2020 season.
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Background

Bangladesh carries substantial health and economic burden of seasonal influenza, particularly among the World
Health Organization (WHO)-defined high-risk population: children under five years, the elderly (=60), adults with
co-morbid conditions, pregnant women and healthcare workers (HCWSs). We implemented a modelling study to
determine the cost-effectiveness of influenza vaccination in each of these five groups to inform policy decisions on
risk group prioritization for influenza vaccination in Bangladesh.

Method

We implemented a Markov decision-analytic model to estimate the impact of influenza vaccination for each target
risk group. We obtained model inputs from hospital-based influenza surveillance data, unpublished surveys, and
published literature preferentially from studies in Bangladesh, followed by regional and global literature. We used
Quality-Adjusted Life Years (QALY) as the health outcome. We estimated incremental cost-effectiveness ratios
(ICERSs) for each risk group by comparing the costs and QALY of immunizing each group compared to no
vaccination. We considered a willingness to pay (WTP) threshold (ICER) of less than one GDP per capita as highly
cost-effective and of one to three times GDP per capita as cost-effective (per WHO standard); for Bangladesh, this
threshold ranges between $2,462 and $7,386. We performed a multivariable probabilistic sensitivity analysis using
Monte Carlo simulations to address uncertainty in the model inputs.

Result

The estimated annual number of outpatient cases (range:6,610-375,8076), hospitalization (range:2,179-127,796)
and deaths (range: 14-508,439) averted for each group by vaccinating everyone in the group was highest for the
elderly and the lowest for HCWs. Direct vaccine program cost ranged between $281,198 (for HCWs) to $226 million
(for adults with co-morbid conditions), and total direct health care incremental cost (versus no vaccine) ranged from
$80,710 (for HCWs) to $18 million (for adults with co-morbid conditions). ICERs were -$86.34, -$34.50, -$12.15,
$47.17, and $248.97 per QALY gained for HCWSs, the elderly, children under five years, adults with co-morbid
conditions, and pregnant women, respectively. For all risk groups, ICER were below the WHO willingness-to-pay
threshold for Bangladesh and were thus cost-effective; pregnant women and adults with co-morbid conditions were
highly cost-effective per additional life gained. Vaccinating children under five years, adults with a co-morbid
condition, and HCWs was cost-saving per additional life gained.

Conclusion

Influenza vaccination to all target risk groups in Bangladesh would be highly cost-effective, per WHO standards.
However, vaccinating HCWs, the elderly and children under five years would be cost-saving to society and could
be prioritized.
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Background

Since emergence of the SARS-CoV-2 virus, frontline workers have faced a disproportionally high risk of SARS-
CoV-2 infection while ensuring continuity of essential services during the COVID-19 pandemic. Using data from a
prospective occupational cohort study of frontline workers, we evaluated COVID-19 mRNA vaccine effectiveness
(VE) in preventing symptomatic and asymptomatic SARS-CoV-2 infections.

Method

The ongoing HEROES-RECOVER cohort of over 5,000 health care personnel, first responders, and other essential
and other frontline workers was initiated in July 2020, in 6 states. Participants provide self-collected nasal swabs
weekly and upon the onset of COVID-19-associated illness symptoms for SARS-CoV-2 and influenza virus testing
by reverse transcription-polymerase chain reaction (RT-PCR) and whole genome sequencing. Socio-demographic
information and medical, occupational and COVID-19 and influenza vaccination history are collected throughout
the study. From December 2020 through January 2022, COVID-19 VE was estimated using Cox proportional
hazards model with time-varying vaccination status and adjusted by covariates for confounders and inverse
propensity to be vaccinated weights.

Result

The 2-dose VE against SARS-CoV-2 infections prior to B.1.617.2 (Delta) variant circulation was 91% (95%
Confidence Interval [CI]: 81%-96%, median 192 days since dose 2 [IQR: 135-209]), falling to 65% (95% CI: 49%-
76%, median 267 days [IQR: 248-301]) against Delta infection and 46% (95% CI: 25%-61%, median 330 days
[IQR: 272-357]) against B.1.1.529 (Omicron) infection. A third (booster) dose increased VE against Delta infection
to 91% (95% CI: 84%-95%, median 74 days since dose 3 [IQR: 52-93]) and 60% (95% CI: 42%-72%, median 93
days [IQR: 70-113]) against Omicron.

Conclusion

Systematic testing of frontline workers at increased risk for exposure to SARS-CoV-2 provided estimates of COVID-
19 mRNA VE against infection. VE declined over time for both the 2-dose and 2-dose plus booster regimens during
multiple variant predominance waves, demonstrating the importance of remaining up to date with recommended
COVID-19 vaccine doses. The HEROES-RECOVER platform will allow for future evaluations of COVID-19 and
influenza VE.
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Background

OVX836 is an unadjuvanted subunit vaccine composed of a recombinant version of the Influenza A Nucleoprotein
(NP), designed to trigger strong cellular immunity to the well-conserved NP. Such T-cell immunity against NP is
associated with protection against influenza disease, providing strong rationale for NP-based influenza universal
vaccine. OVX836 was safe and immunogenic in two clinical trials. In a previous phase 2a study, we observed a
potential protective effect of OVX836 at 180g, not observed with 90ug. Here, we share the results of a third study
evaluating higher dose-levels of OVX836.

Method

OVX836-003 is a Phase 2a, randomized, double-blind, controlled study in 137 healthy adults (<50 years old)
comparing immunogenicity and safety of one intramuscular immunization of OVX836 at 300ug or 480ug, to
OVX836 at 180ug and placebo. Monitoring of PCR-confirmed Influenza-Like lliness in vaccinated subjects (104
subjects) vs unvaccinated subjects allowed to explore vaccine efficacy. The placebo group of 33 subjects was
complemented by a cohort of 66 matched unvaccinated subjects recruited in parallel at the same center under an
observational study protocol (OVX-FLU-001).

Result

Efficacy: Two cases of PCR-confirmed symptomatic Influenza (ILIs) were reported in the OVX836 groups (all dose-
levels pooled) vs 9 cases for the placebo + untreated cohorts, reflecting an Observed Efficacy of 79% [4.5%; 95.3%)]
(p=0.030; Fisher's exact test). Absence of differences in PCR-confirmed symptomatic COVID-19 between groups
supported the validity of the pooled analysis between the OVX836-003 and OVX-FLU-001 studies, by allowing to
eliminate a placebo effect between vaccinated and unvaccinated cohorts as a possible confounder.

Safety: All dose-levels of OVX836 were found safe and well-tolerated. Incidence of "severe" (Grade 3 as per FDA
toxicity scale for vaccine clinical trials) or higher intensity adverse events remained low without apparent dose-
limiting effects.

Conclusion

This is the second study suggesting efficacy of OVX836 in decreasing symptomatic influenza. This observation,
made during the 2021-22 flu season with circulating strains differing from those of the 2019-20 flu season, tends
to confirm the potential of OVX836 to provide a broad-spectrum protection against different strains of influenza
virus. These results warrant further evaluation of this universal vaccine candidate in larger efficacy clinical trial(s).
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Background

Immune responses resulting from current influenza vaccines are biased toward the immunodominant and variable
hemagglutinin (HA) head. We found this dominant head region limited stem-directed responses in H2N2-immune
adults in a prior clinical trial evaluating a full-length H2 HA ferritin-based nanoparticle vaccine. A vaccine designed
without the variable HA head domain has the potential to focus the immune response on the highly conserved HA
stem region, which could generate broader cross-reactive immunity across diverse influenza viruses.

Method

At the National Institutes of Health Clinical Center in Bethesda, MD, USA, we conducted a first-in-human dose-
escalation open-label phase 1 clinical trial (NCT03814720) evaluating a novel influenza H1 hemagglutinin (HA)
stabilized stem ferritin-based nanoparticle vaccine (H1ssF) derived from the stem of A/New Caledonia/20/1999
(H1N1). Fifty-two healthy adults aged 18-70 years old enrolled to receive either unadjuvanted 20 mcg H1ssF once
(5 participants) or 60 mcg H1ssF twice (47 participants) with a prime-boost interval of 16 weeks. The participants
who received 60 mcg doses were stratified by age. The primary objective of this trial was to evaluate the safety
and tolerability of H1ssF, and the secondary objective was to evaluate antibody responses after vaccination.

Result

We found this vaccine to be safe and well tolerated. Solicited local and systemic reactogenicity was mild when
reported. The most common symptoms included pain/tenderness at the injection site (n=10, 19%), headache
(n=10, 19%) and malaise (n=6, 12%). We found that H1ssF elicited cross-reactive neutralizing antibodies targeting
the conserved HA stem of group 1 influenza viruses in immune adults by two weeks after vaccination to a level
2.3-, 2.6- and 5.5-fold higher than the baseline for H1, H2 and H5, respectively. Neutralizing antibody responses
remained elevated over a year after vaccination.

Conclusion

H1ssF is safe and immunogenic; resulting in cross-reactive neutralizing antibodies targeting the conserved HA
stem for group 1 influenza viruses. Our results support this platform as a step forward in the search for a universal
influenza vaccine.
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Background

Since 2014, an Enhanced Passive Safety Surveillance (EPSS) has been run successfully for Influvac®/ Influvac®
Tetra, fulfilling the Interim guidance's objectives on enhanced safety surveillance for seasonal influenza vaccines
in the European Union. Results from seven consecutive seasons confirmed the favorable safety profile of both
vaccines. This abstract summarizes the data obtained from the EPSS conducted in the 2021/2022 vaccination
season.

Method

After immunization with Influvac® Tetra as per routine medical practice, vaccinees were asked to complete
response cards with pre-specified local and systemic Adverse Events of Interest (AEIs) and to return within seven
days. In addition, the response cards contained a call center number enabling to report any other than the pre-
defined AEs. The EPSS aimed to include 1,000 vaccinees across all age groups.

Result

In the EPSS 2021/2022, a total of 805 vaccinees were exposed, of which 255 (31.7%) reported at least one AEI.
Overall, headache and muscle/joint pain were the most frequent systemic AEIls and injection site pain was the most
frequent local AEI reported (Table 1). Local AEls were generally mild to moderate in severity and mostly resolved
within 3 days. Reporting rates in elderly tended to be lower than in adults. Overall, data from this year’s EPSS in
terms of reporting rates, severity and duration were comparable to previous seasons” data. Four non-serious AEs
were reported via the call center. No new safety concern was identified from this data set.

Conclusion

Results from the EPSS 2021/2022 in any of the age groups are comparable to the previous years' data and confirm
the favorable safety profile of Influvac® Tetra.
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Background

Since its initial approval in 2009, high-dose inactivated influenza vaccine (HD-IIV) has been used in older adults in
31 countries. Many studies comparing HD-1IV to standard-dose influenza vaccines (SD-11V) have demonstrated
protection beyond influenza iliness, including reduction of outcomes such as cardiorespiratory and all-cause
hospitalizations. This study is an update of previously-conducted reviews of the relative vaccine
efficacy/effectiveness (rVE) of HD-IIV compared to SD-IIV in adults 265 years against influenza-associated
outcomes from 2009/10 - 2019/20 influenza seasons, with additional sub-analyses by both seasonal and recipient
characteristics.

Method

An updated systematic review and meta-analysis was conducted for studies assessing the rVE of HD-1IV against
probable/laboratory-confirmed influenza-like iliness (ILI), emergency department (ED) and/or hospital admissions
in adults 265 years. Results from individual seasons were extracted from the identified studies, and stratified based
on clinical outcomes, characteristics of study subjects, and influenza season. Meta-analyses were then performed
to estimate pooled rVEs of HD-IIV.

Result

19 studies (4 randomized and 15 observational studies) were meta-analyzed, providing data from 11 consecutive
influenza seasons and over 45 million individuals receiving either HD-IIV or SD-IIV. Across all influenza seasons
and age groups, HD-IIV demonstrated improved protection compared to SD-IIV against ILI (r'VE=14.3%, 95% CI:
4.2-23.3%). HD-1IV was also more effective at preventing hospital/ED visits due to influenza (rVE=10.4%, 95% CI:
6.8-13.9%), as well as hospital admissions due to influenza (rVE=11.2%, 95% CI: 7.4-14.8%), pneumonia
(rVE=27.3%, 95% CI: 15.3-37.6%), pneumonia and influenza (rVE=13.4%, 95% CI: 7.3-19.2%), respiratory events
(rVE=14.3%, 95% CI: 8.5-20.0%), cardiovascular events (rVE=13.1%, 95% CI: 10.5-15.7%), cardiorespiratory
events (r'VE=17.9%, 95% CI: 15.0-20.8%), and all-causes (rVE=8.4%, 95% CI: 5.7-11.0%). Pooled rVEs were
similar in sub-analyses by predominant circulating strains, match of the vaccine to circulating strains, study type,
and study setting. While all adults 65+ benefited from the use of HD-11V, age-stratified sub-analyses of the rVE of
HD-IIV against ILI and influenza hospitalizations suggested additional relative benefit by HD-1IV with increasing
age.

Conclusion

Evidence over 11 consecutive influenza seasons from both randomized and observational studies suggests that
HD-1IV was consistently more effective than SD-IIV at reducing influenza and associated serious outcomes
irrespective of recipient age and characteristics of the influenza season.
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Background

The haemagglutination inhibition (HAI) assay is an established technique for assessing influenza immunity, through
measurement of anti-haemagglutinin antibodies. Improved reproducibility of this assay is required to provide
meaningful data across different testing laboratories. This study assessed the impact of harmonising the HAI assay
protocol/reagents and using standards on inter-laboratory variability.

Method

Human pre- and post-vaccination sera from individuals (n=30) vaccinated against influenza were tested across six
laboratories. We used a design of experiment (DOE) method to evaluate the impact of assay parameters on inter-
laboratory HAI assay variability. Statistical and mathematical approaches were used for data analysis. We
developed a consensus protocol and assessed its performance against in-house HAI testing. We additionally tested
the performance of several potential biological standards.

Result

In-house testing with four reassortant viruses showed considerable inter-laboratory variation (geometric coefficient
of variation (GCV ) range of 50%-117%). The age and concentration of turkey red blood cells, incubation duration
and temperature were key assay parameters affecting variability. Use of a consensus protocol with common
reagents, including viruses, significantly reduced GCV between laboratories to 22%-54%. Pooled post-vaccination
human sera from different vaccination campaigns were effective as biological standards.

Conclusion

Our results demonstrate that the harmonisation of protocols and critical reagents is effective in reducing inter-
laboratory variability in HAI assay results, and that pools of post-vaccination human sera have potential as
biological standards that can be used over multiple vaccination campaigns. Moreover, the use of standards
together with in-house protocols is as potent as the use of common protocols and reagents in reducing inter-
laboratory variability.
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Background

Influenza causes significant respiratory morbidity and broader health impacts, including cardiovascular events and
the exacerbation of chronic underlying conditions. Vaccination against influenza prevents or limits influenza like
illness, and in the case of some established flu vaccines it also provides protection beyond flu, meaning
demonstrated protection against flu complications. Next generation influenza vaccines that improve vaccine
effectiveness are being investigated.

Neuraminidase (NA) is the second-most abundant glycoprotein on the surface of the influenza virus and an
emerging target for next-generation influenza vaccines. In humans, NA-inhibiting (NAI) antibodies correlate with
protection against disease caused by natural or experimental influenza virus infections and can be boosted by
vaccination with seasonal inactivated influenza vaccines. However, NA content in current licensed vaccines is not
standardized and NAI induction achieved through vaccination is often low compared to natural infection.

Method

To investigate the potential of NA antigen as a vaccine candidate, we developed the following platforms for NA
vaccine production: 1) a recombinant protein vaccine based on a truncated soluble NA protein including the intact
globular head domain in tetrameric conformation (rNA), and 2) an mRNA vaccine encoding full length
neuraminidase protein and encapsulated in a lipid nanoparticle (IMRNA-LNP).

A ferret model was used to assess the pathogenicity of influenza virus isolates due to their natural susceptibility to
infection with human influenza isolates and the influenza-like symptoms displayed by infected ferrets. In this study,
naive ferrets were immunized twice with either a rNA vaccine (with or without squalene-based adjuvant) or a NA
MRNA-LNP vaccine, prior to intranasal challenge with a clinical H3N2 influenza isolate expressing the homologous
NA protein.

Result

Both rNA antigen given with adjuvant and NA mRNA-LNP vaccines induced NAI antibodies of similar magnitude
as those induced with wild-type viral infection after two immunizations. A dose-dependent response was observed
for NA mRNA-LNP, while adjuvant greatly boosted immunogenicity of rNA.

Ferrets vaccinated with rNA and NA mRNA-LNP were evaluated for viral shedding in nasal wash and severity of
influenza-like symptoms (i.e., body weight loss and fever) compared to placebo, standard-of-care prophylactic (HA
vaccine) and therapeutic (oseltamivir) interventions.

Conclusion

Our study supports the use of recombinant protein and mMRNA-LNP vaccine platforms to selectively target NA
based on the immunogenicity data. Protectivity of the NA vaccine variants, even in the absence of HA, will be
reported.

(Study funded by Sanofi)
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Background

In current seasonal influenza vaccines, neutralizing antibody titers directed against the variable globular head of
hemagglutinin surface protein are the primary correlate of protection. Given the requirement to provide broad
protection, the focus of immunogen design in recent years has been to target conserved epitopes in the
hemagglutinin stem, hemagglutinin receptor binding site, and alternative antigens such as neuraminidase (NA),
and an extracellular domain (M2e). One significant barrier to including these antigens is the technical difficulty of
adding additional components to current quadrivalent vaccine formulations. Since each component needs to be
separately manufactured, this would come with increased manufacturing complexity and cost. To address this
issue, as a proof of principle, we have designed genetic fusions of hemagglutinin ectodomains from influenza A
subtype (H3 and H1) and influenza B subtype (HV and HY).

Method

We designed genetic fusions of hemagglutinin ectodomains from influenza A subtypes, and influenza B subtypes,
containing either a single foldon trimerization motif or two foldons. The designed hemagglutinin ectofusion
immunogens were recombinantly expressed in Expi293F cells and characterized. Immunogenicity and protective
efficacy of designed hemagglutinin ectofusions, formulated with the MF59 equivalent adjuvant squalene-in-water
emulsion (SWE), were evaluated in mice.

Result

Designed HA ectofusion immunogens were expressed as soluble trimers in Expi293F cells. Ectofusions were
correctly folded and as thermostable as individual HA ectodomains. Interestingly, the ectofusion immunogens were
equivalent to individual H1 and H3 ectodomains mixed in equimolar amounts in terms of immunogenicity and
protective efficacy, although in the latter case, the immunogen concentration was double that in the ectofusion
groups. Ectofusion immunogens elicited subtype-specific humoral immune responses in mice and protected
against challenge with heterologous H1IN1 and H3N2 mouse-adapted challenge viruses with higher neutralizing
antibody titers against the H1IN1 virus.

Conclusion

Our results demonstrate that hemagglutinin ectodomain fusions are viable immunogens that can be tolerated
without loss of immunogenicity. The use of such ectodomain fused immunogens would reduce the number of
components in a formulation and allow for the inclusion of other protective antigens to increase influenza vaccine
efficacy.
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Comparison of the evolution of SARS-COV 2 variant distribution and
seroprevalence estimates during the Sanofi Adjuvanted
Recombinant Protein Vaccine efficacy trial: an epidemiology

perspective.

Clotilde EL GUERCHE-SEBLAIN?!, Myint Aung-Pone, Nabila Shaikh?, Christophe Grégoire, Carlos Guzman, Valentine
Delore

1Sanofi Vaccines
Background

Globally, the first SARS-CoV-2 variant of concern (VOC) appeared at the end of 2020. Since then, several new
variants have raised, some co-circulating, with unpredictability on the timing of their appearance. A phase llI
placebo-controlled clinical trial (VAT08) was conducted in several regions to evaluate the efficacy, immunogenicity,
and safety of the Sanofi/GSK monovalent and bivalent recombinant protein vaccines. We compared epidemiology
distribution of VOCs and seroprevalence estimates during the trial to help interpret preliminary seroprevalence
rates and clinical trial results.

Method

The epidemiological monitoring of SARS-CoV-2 VOC circulation was performed between August 2021 and January
2022 for the 8 countries (United States, Colombia, Honduras, Kenya, Ghana, Nepal, India, Japan) where the trial
was conducted, spanning across 4 continents. The GISAID platform was used to extract sequencing data from
the different countries on a weekly basis. Information was crossed with national surveillance when available.
SeroTracker dashboard (serotracker.com) was used to monitor the evolution of seroprevalence estimates. Data
were compared to preliminary data available from the clinical trial.

Result

Based on published data, the circulation of VOCs was dominated by Delta from September 2021 until the first half
of December 2021 (except in Colombia where Mu dominated until September 2021 and in the US at the start of
the trial with Alpha predominating until mid-June 2021). From December 2021, Omicron has progressively become
predominant in all countries. This epidemiological trend is consistent with what we observed in the preliminary data
of the clinical trial. In parallel, a progressive increase of seroprevalence in all populations and all regions has been
observed from 0% in early 2020 to over 95% in October 2021. While seroprevalence estimates were not available
for all study countries, preliminary results from the clinical trial are consistent with published seroprevalence
estimates.

Conclusion
Despite the limitation of non-availability of published epidemiological seroprevalence estimates for several study
countries, overall similar high value ranges were observed compared to the clinical trial rates. The progressive

increase of seroprevalence was initially observed with Delta variant predominating, followed by Omicron emerging
at the end of 2021 presenting similar trend to the preliminary results from the clinical trial.
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HUMORAL IMMUNE RESPONSE AGAINST SARS-CoV-2 VARIANTS
AFTER TWO DOSES OF mRNA VACCINE IN AN ITALIAN
CORRECTIONAL FACILITY
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Background

Since the first isolation of SARS-CoV-2 in 2020, several variants have been detected worldwide, some of which
designated as "variants of concern" (VOCSs).

Correctional and detention facilities are not closed systems, representing a source of infection for the whole
community. The prisoner population is a highly vulnerable population, at higher risk for the SARS-CoV-2 spread,
also due to overcrowding, poor air ventilation and less healthcare provisions.

The available vaccines offer protection against SARS-CoV-2.

This study aimed to assess the humoral immune response against the original wild-type (WT) SARS-CoV-2 virus
and four VOCs after two doses of mMRNA vaccine in an lItalian correctional facility for inmates affected by chronic
diseases.

Method

A total of 342 serum samples were collected at the Bari correctional facility (Apulia, Italy) 21 days after the 2nd
dose of MRNA vaccine (BNT162b2). One hundred forty-seven (147) serum samples were from correctional officers
(CO) and 195 from inmates. Samples were tested by ELISA for the detection of antibodies against the nucleoprotein
(NP) and by the virus neutralization assay against the original WT SARS-CoV-2 virus (2019-nCov/ltaly-INMI1
strain) and some VOCs (Alpha, Beta, Gamma, and Omicron).

The research protocol was approved by the Ethics Committee of the University Hospital of Bari (n. 6955, prot. N.
0067544-02082021).

Result

Samples were tested for their ability to neutralize the original WT SARS-CoV-2 virus and Alpha, Beta, Gamma and
Omicron variants.

After two doses of mRNA vaccine, 139 (94,56%) CO and 181 (92,82%) inmates were positive for neutralizing
antibodies against the WT virus.

When tested against the VOCs, the most dramatic reduction in neutralizing antibodies was observed against the
Omicron variant with 138 (93,88%) CO and 181 (92,82%) inmates having a =2-fold decrease, followed by the Beta
variant (91,16% and 85,13%). When tested against Alfa and Gamma variants, 83 (56,46%) CO and 102 (52,31%)
inmates and 83 (56,46%) CO and 124 (63,59%) inmates retained their neutralizing activity, respectively. Notably,
N-positive subjects showed the highest geometric mean titers.

Conclusion

Overall, our results showed that two doses of mMRNA vaccine induce a good antibody response against the WT
virus even in subjects with chronic diseases and that natural infection seems to boost vaccine immunity. Against
Omicron and Beta variants, neutralizing antibody response drops dramatically, underlining that two doses may not
provide sufficient protection against variants characterized by some S mutations. These results support the strategy
of administering an mRNA vaccine booster to enhance antibody-based cross-protection.
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Intranasal vaccine with ODN2006 as an adjuvant protects against
viral infection with reducing the potential risk of lung eosinophilic
immunopathology.
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Background

For the control of the COVID-19 pandemic, development of vaccines that enable protection against infection with
SARS-CoV-2 is considered to be important. One candidate would be a nasal vaccine that could induce mucosal
immunity, including secretory IgA antibodies. Meanwhile, it is recommended to address the potential risk of
vaccine-associated enhanced respiratory disease (VAERD), that is lung eosinophilic immunopathology induced by
post-vaccination infection, in the case of COVID-19 vaccines. VAERD is considered to be caused as a result of
Th2-dominant adaptive immune response by vaccination. In this study, we analyzed the immune response as well
as the protective effect against viral infection induced by intranasal vaccination with recombinant trimeric SARS-
CoV-2 spike (S) protein adjuvanted with the CpG oligonucleotide ODN2006 in a mouse model.

Method

Mice were vaccinated either intranasally or subcutaneously with recombinant S protein 3 times at 2-week intervals.
ODN2006 and Alum were used as mucosal adjuvant and a classical Th2 adjuvant, respectively. One week after
the last vaccination, serum, nasal, and lung washes were collected from mice to evaluate S-specific antibody
responses. S-specific IgG1 and 1gG2a subclasses were quantified as the indicator of Th2 and Thl responses,
respectively. In addition, vaccinated mice were intranasally challenged with mouse adapted SARS-CoV-2
QHmusX, and viral load in nasal and lung samples at 3 days post-infection (dpi) as well as body weight changes
for 10 days were evaluated. Eosinophilic infiltration into lungs were evaluated by flow cytometry at 6 dpi.

Result

Nasal vaccine combined with ODN2006 induced not only serum neutralizing IgG antibodies but also nasal and
lung S-specific IgA antibodies, resulting in the survival of mice without a significant decrease in body weight. When
the S-specific serum IgG1/lgG2a ratio was evaluated, mice intranasally vaccinated together with ODN2006
presented significantly lower values compared to those subcutaneously vaccinated with alum as an adjuvant. The
degree of eosinophil infiltration in lungs correlated with IgG1/IgG2a ratio. Accordingly, the infiltration of eosinophils
was suppressed in mice intranasally vaccinated with ODN2006.

Conclusion

Our results suggest that intranasal vaccines combined with a Thl adjuvant would be highly effective against
infection of SARS-CoV-2 virus while reducing the risk of VAERD.
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Background

Influenza remains a significant public health problem, causing annual seasonal epidemics and occasional
pandemics. Human B cells can generate a remarkable diversity of B cell receptors (BCR) due to V(D)J
recombination of immunoglobulin gene segments and the subsequent process of affinity maturation through
somatic hypermutation (SHM) to combat infectious disease. Repeated exposure to influenza during one's lifetime
via infection and/or vaccination drives the immune system to build a repository of memory B cells bearing a diverse
array of antigen-experienced BCRs that are potentially available for rapid recall during a subsequent immune
response.

Method

Here we use single-cell technology to dissect the antigen-experienced BCR repertoire targeting influenza surface
proteins in a healthy individual to identify strain-specific versus broadly protective BCR signatures.

Result

Using a single-cell sequencing approach, we identify, validate, and characterize the BCRs of 67 memory B cells
from a healthy donor that specifically bind to hemagglutinin (HA) probes from different influenza subtypes. BCR
specificity was validated by demonstrating that the cloned and expressed antibodies recognize recombinant HA
protein. Interestingly, all of the cloned antibodies show some degree of cross-reactivity, including some that bind
both Influenza group 1 and group 2 HA's. Sequence analysis reveals that these BCRs represent several clonotypic
families, many of which have gone through detectable clonal expansion and significant SHM.

Conclusion

Identification of baseline anti-influenza memory B cell diversity within individuals may help predict their level of
protection against future infections and will better inform the rational design of broadly protective influenza
vaccines.
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Background

The influenza virus causes seasonal epidemics and occasional pandemics that take a significant toll on both lives
and economies. Many studies have focused on developing universal influenza vaccines that can provide protection
not only against seasonal viruses but also confer at least a measure of protection against potential pandemic
viruses. One method of making a universal or broadly cross-reactive vaccine is to immunize with an antigen that is
relatively conserved across influenza strains. Influenza NP has been explored as a possible conserved antigen
that has shown promise in vaccine studies, but results from passive immunity studies with NP antibodies have
been mixed.

Method

Here, we characterize three NP-specific monoclonal antibodies (mAb) derived from patients who had recovered
from seasonal HIN1 infection. Binding and competition of the three mAbs were measured using direct and
competitive ELISAs. Influenza strains across a wide range of subtypes (including H5, H7, and H9) were tested for
binding potential. Possible in vitro effects that these antibodies might have during infection were probed via
microneutralization and Antibody-Dependent Cellular Cytotoxicity assays. Membrane binding was visualized using
fluorescent microscopy. In vivo therapeutic effects were determined with passive immunity studies in mice.

Result

We show that these mAbs bind a broad range of influenza viruses, as well as bind to the surface of infected cells.
Further, we use competitive ELISAs to show that there is a broad set of epitopes on the NP presented to the
immune system. Despite their breadth of binding, however, we show that these mAbs were not able to neutralize
influenza infection in vitro, nor did we observe a protective effect in passive immunity studies in vivo.

Conclusion

The high cross-reactivity of NP mAbs is attractive in universal vaccine studies; however, despite the strength and
breadth of binding, the mAbs characterized in this study did not show clear therapeutic effects in vivo. These results

do not support recent studies that demonstrate a protective role for NP antibodies during influenza infection. More
research is needed to further our understanding of the role NP antibodies play in the adaptive immune response.
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neuraminidase inhibitory antibodies

luliia Desheva?, Igor Losev?, Nadezhda Petkova?, Chih-Hsuan Tsai?, Yu-Chan Chao?

!Federal State Budgetary Scientific Institution Institute of Experimental Medicine, 2Institute of Molecular Biology, Academia Sinica,
Taipei, Taiwan

Background

Neuraminidase (NA)-based immunity to influenza could be useful for protecting against novel antigenic variants.
Detection of neuraminidase-inhibiting (NI) antibodies could be beneficial to the immunological study of influenza
vaccines. Baculovirus is a promising vector platform due to its high genome capacity, low cytotoxicity even with a
high multiplicity of infection, and a highly specific host range, making them some of the safest eukaryotic vectors.

Method

We evaluated the level of NI serum antibodies by means of enzyme-linked lectin assay (ELLA) using whole
influenza virus or baculovirus-based pseudotyped viruses expressing the full-length NA (NA-Bac) of the influenza
A/California/07/2009 (H1N1) pdm09 strain. To assess immunogenicity and protection, we vaccinated Balb/c mice
intramuscularly twice with NA-Bac and incomplete Freund's adjuvant.

Result

As assessed by cleavage of the high molecular weight fetuin substrate, the N1-Bac pseudoviruses exhibited no
less, if not greater, NA activity than that of the whole purified influenza A/H7N1 virus. Since the enzymatic activity
of the NA protein depends on its tetrameric structure, these results show that N1-Bac exhibited recombinant N1
proteins with appropriate structure.

NI antibodies were assessed in paired sera from patients with confirmed infection of influenza A. Strong correlation
was shown between antibody titers in human sera using influenza A/H7N1 or NA-Bac (rs = 0.978). In mice,
parenteral administration of NA-bac provided 100% protection from lethality after infection with 5 LD50 of drifted
A/South Africa/3626/13 (H1IN1) pdmO09 influenza virus.

Conclusion

s. The NA-Bac can be reliably used to evaluate anti-NA antibodies and demonstrates protective efficacy in mice.
One of the benefits of using NA-Bac is that it does not require the use of BSL-2 equipment.

This research was supported by Russian Foundation for Basic Research, grant number 20-54-S52006 MHT_a.7.
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THE IMPACT OF INFLUENZA VACCINE EFFECTIVENESS ON U.S.
HOSPITAL SYSTEM RESOURCES WITHIN. AN INFLUENZA AND
COVID-19 CO-CIRCULATION SCENARIO.
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Background

Throughout the COVID-19 pandemic, influenza (flu) immunization has been a critical public health tool to protect
against flu, reduce the risk of co-infection from both flu and COVID-19, and minimize the burden of flu on the
healthcare system. The noted above could be achieved by improving flu immunization with more effective flu
vaccines that may relieve the usage of acute hospital beds and intensive care unit (ICU) hospital beds. This study
evaluated the hospital system resources impact of using more effective flu vaccines within a flu and COVID-19 co-
circulation scenario.

Method

The impact of more effective flu vaccines on hospital system resources was estimated using a dynamic age-
stratified transmission model. Two U.S. flu seasons (2011-2012 for low incidence and 2017-2018 for high
incidence) were used in the analysis to simulate the variation of flu epidemic. Outcome measures include the
number of acute hospital beds and ICU hospital beds. The COVID-19 variants (Alpha, Delta and Omicron) were
used to create an average scenario of the impact on acute bed and ICU bed utilization from COVID-19. This
assessment compares a scenario in which all subjects are immunized with standard-dose, egg-based, quadrivalent
flu vaccine (QIVe) against a scenario of subjects 6 months through 64 years are immunized with cell-based,
quadrivalent flu vaccine (QIVc) and those 65 years and above with adjuvanted, quadrivalent flu vaccine (aQIV).
Based in U.S. literature, vaccine effectiveness for QIVc and aQIV is significantly higher to QIVe. Total number of
acute hospital and ICU hospital beds was assumed in the U.S. at 1,000,000 and 100,000, respectively; with a
regular occupancy rate of 70% related to other diseases.

Result

At the current U.S. flu immunization rate (45%), vaccinating with more effective vaccines (QIVc + aQIV) compared
to QIVe will prevent utilization of 24,010 acute hospital beds and 3,601 ICU hospital beds within a high incidence
flu season; and 17,329 acute hospital beds and 2,659 ICU hospital beds within a low incidence flu season. This
reduction of inpatient services will provide relief but will not be enough to avoid saturation of ICU hospital resources
due to COVID-19 hospital beds demand during a co-circulation scenario. Therefore, an increase in the flu
immunization rate to 60% or higher with more effective, enhanced vaccines (QIVc + aQIV) will be needed to prevent
ICU beds saturation in the U.S.

Conclusion

This analysis demonstrates increasing flu immunization rates should be combined with more effective influenza
vaccines for all ages in the U.S. to avoid ICU hospital bed saturation during a co-circulation scenario.
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Background

Influenza is a major public health concern especially among venerable individuals such as young children under 5
years old. Young children experience high rates of influenza infection during seasonal epidemics. As children are
the main transmitters of influenza, vaccinating them against seasonal influenza has the potential to reduce the
burden of disease in both vaccinated and unvaccinated individuals. Vaccination remains the most effective
prophylaxis against seasonal influenza illness. Annual seasonal vaccination is recommended for high-risk groups
including infants >6 months, young children under 5 years old and the elderly. Two main type of influenza vaccine
are recommended for use in children: the inactivated influenza vaccines (1IVs) and the live attenuated influenza
vaccine (LAIV). IIVs has been licenced for use in children >6 months for many decades, whereas LAIV was licensed
for use Europe in 2012 and it is recommended for children (2-17 years old). Both vaccines have good safety records
in this age group. We evaluated and compared the immune responses induced by IV and LAIV vaccination in
children.

Method

Thirty-four children scheduled for elective tonsillectomy were recruited and vaccinated with trivalent LAIV,
furthermore fifty children were enrolled and vaccinated with quadrivalent IV (QIV). Blood samples were collected
prior to vaccination at day 0 (D) and 3 consecutive timepoints at days 3-14, 28 and 58 after vaccination from all the
study participants. We used hemagglutination inhibition (HI) and microneutralization assays to assess
hemagglutinin-specific neutralizing and function antibody responses induced by both vaccines against the vaccine
strains. Enzyme-linked immunosorbent assay (ELISA) was used to quantify influenza-specific binding antibody
response, whereas the enzyme-linked lectin assay (ELLA) was used for the assessment of neuraminidase
inhibiting (NI) antibody response.

Result

The trivalent LAIV induced significant increases in influenza-specific HI antibody responses against A/H3N2 and
influenza B strains 14 days post-vaccinations and increased only slightly to A/HIN1. LAIV boosted functional
antibody responses and elicited high levels of IgG and NI antibody responses at 28 days post-vaccination. The
QIV rapidly elicited significant increases in HI and NI antibody titres against all the vaccines strains tested as early
as 3-7 days post-vaccination.

Conclusion

The collectively the result from the clinical trials showed that both vaccines are capable of rapidly induing HA and
NA-specific antibody responses in children and will help better understanding the immunogenicity and effectiveness
of influenza vaccination in this age groups.
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Background

Patients with End-Stage Renal Disease (ESRD) receiving hemodialysis (HD) are at high risk of severe influenza
infection. The efficacy of influenza vaccines in this population is believed to be insufficient due to immune deficiency
predisposition.

During the 2019-2020 epidemic season, 22 HD patients were vaccinated with one standard dose of a trivalent
inactivated influenza vaccine (TIV). The median age of the patients was 63 years; all patients received dialysis
therapy three times a week for 4-4.5 hours in sufficient dose.

Method

Post-vaccination immune response was assessed by measuring hemagglutination inhibition and neutralizing
antibody titers, frequencies of T-follicular helper cells, and CD4 and CD8 effector T cells. Blood samples were
collected pre-vaccination, 7 and 21 days, 3, 6, and 12 months after vaccination. The results were compared with
the data obtained for healthy volunteers of two age groups: 18-60 years old (n=47) and over 60 years old (n=42).

Result

Before vaccination, the percentage of individuals seronegative to seasonal influenza viruses was higher in the HD
group than in the control groups of healthy subjects. The post-vaccination HI and MN titres and the duration of the
antibody response in the group of HD patients were similar to those obtained for the general human population.
However, HD patients responded better to the B/Victoria vaccine component: significant differences were shown
for both age groups (p<0.0001). Moreover, the pronounced increase in the relative content of Th1-type follicular T
cells (PD1 + ICOS +) in the group of hemodialysis patients was observed on Day 7 (p < 0.05). Vaccination led to
the formation of a T-cell response, accompanied by the formation of polyfunctional CD4+ and CD8+ effector
memory cells. When comparing the T-cell response (cumulative IFN-y, TNF-a and IL-2 production) in the HD group
and two age groups of healthy volunteers, it was found that despite a reduced level of T-cell response at all time
points of observation, an increase in the number of antigen-specific T-lymphocytes relative to baseline values in
HD patients was higher than that of healthy study participants.

Conclusion

The results obtained confirm the expediency of vaccination for dialysis patients and suggest that modern effective
dialysis therapy contributes to the compensation not only of renal failure but also of the concomitant
immunodeficiency of ESRD.
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Background

Countries in the WHO European region have deployed a variety of COVID-19 and influenza vaccines with evolving
schedules to reduce morbidity and mortality in key target groups. Understanding the effectiveness of COVID-19
and influenza vaccine interventions in preventing severe disease is critical to inform optimal guidance about
national, regional and global vaccine use.

Method

We supported the establishment of a network of countries, Euro-SAVE, monitoring COVID-19 and influenza
vaccine effectiveness against hospitalized severe acute respiratory infection (SARI). Studies leverage existing
integrated SARI sentinel surveillance platforms to obtain vaccine effectiveness (VE) estimates and follow a
standard WHO-defined methodology. All studies use the WHO SARI case definition, collect similar core data on
enrolled patients, conduct testing by RT-PCR, including multiplex testing), and conduct genomic sequencing for
influenza and SARS-CoV-2 in-country or at regional COVID-19 reference laboratories. In addition to country-level
VE analyses, network-wide pooled analyses will allow for more precise VE estimates by vaccine type; number of
doses; variants of concern; time since vaccination; age group; and underlying comorbidities. For pooled analysis,
VE will be calculated as 1 - Odds Ratio using a one-stage analysis of pooled individuals. All study protocols were
appro-ved or given a waiver by the WHO Ethical Review Committee (ERC) -and in-country ERCs.

Result

To date, six countries and areas, including Albania, Georgia, Kyrgyzstan, North Macedonia and Serbia, as well as
Kosovo, participate in the network. Patient recruitment began in November 2021. Four studies use the REDCap
data management platform; one study uses Kobo Toolbox; and one study uses the Electronic Database
Management System. As of May 15, 2022, 373 SARI patients had been recruited by studies in the network; 72/373
(19.3%) had positive samples for SARS-CoV-2 and 10/285 (3.5%) had positive samples for influenza. The mean
age was 61 years (IQR: 46-71) and half (n=189 (50.7 %)) were female. Patients had received seven different
COVID-19 vaccines. The first pooled VE analysis is planned for June 2022, and analyses will be conducted on a
monthly or bimonthly basis thereafter.

Conclusion
The Euro-SAVE network will allow for VE estimates against severe disease for multiple influenza and COVID-19
vaccines. The pooling approach will allow us to obtain precise VE estimates for multiple subgroup analyses. The

network could be expanded to include additional countries that are part of the WHO European region and are
undertaking comparable SARI VE monitoring.

*For the purposes of this abstract, all references to "Kosovo" should be understood as "Kosovo (in accordance with
security council resolution 1244 (1999)."
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Background

Severe acute respiratory illness (SARI) surveillance platforms have been implemented in Europe, providing a
system to measure vaccine effectiveness (VE) against hospitalised, PCR-confirmed influenza and SARS-CoV-2.
Data were pooled from two European hospital networks. In 2021, circulation of influenza in Europe was too low to
estimate influenza VE. We estimated VE against PCR-confirmed SARS-CoV-2 in hospitalised SARI patients aged
30+ years by vaccine product in order to further guide adaptation of COVID-19 vaccine policy in Member States.

Method

Hospitals follow a similar generic protocol for measuring COVID-19 VE, adapted from the influenza VE test-
negative design. SARI patients are defined clinically using the ECDC definition (at least one of fever, cough,
shortness of breath, or sudden onset of anosmia/ageusia). Complete vaccination is defined as two doses of mMRNA
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(Comirnaty, Spikevax) or Vaxzevria, or one dose of Janssen vaccine, received =14 days before symptom onset.
Those receiving a booster/third dose were excluded. VE was estimated as 1 minus the odds ratio of vaccination
among cases and controls. VE was calculated overall, by vaccine product/category, age-group (30-59, 60-79, 80+
years), and presence/absence of at least one of four commonly collected chronic conditions (asthma, diabetes,
heart disease, lung disease). VE was estimated for two periods: January-May 2021 (pre-Delta) and July-December
2021 (Delta-dominant).

Result

There were 2544 hospitalised SARI patients included in the pre-Delta and 3438 in the Delta-dominant period. Most
vaccinated cases (65%) and controls (75%) received an mRNA vaccine. For this vaccine type, overall adjusted
COVID-19 VE for complete vaccination during pre-Delta was 93% (95%Cl: 87-96); 99% (95%CI: 92-100) in those
60-79 years, 87% (95%CI: 71-94) in 80+ years. (In the 30-59 age-group, <20 vaccinated patients precluded a VE
estimate). In the Delta-dominant period, adjusted VE was 83% (95%CI: 79-87) overall; 92% (95%CI: 88-95), 86%
(95%CI: 80-91) and 54% (95%CI: 26-71) in those aged 30-59, 60-79 and 80+ years, respectively.

Conclusion

High overall vaccine effectiveness against hospitalisation was observed during both pre-Delta and Delta-dominant
periods. For mRNA vaccines, protection against hospitalisation with COVID-19 during dominant circulation of the
Delta variant was lower than pre-Delta, particularly in the 80+ age-group. During the Delta period, the reduced
effectiveness provides justification for administration of a booster dose in this oldest age-group to improve
protection against severe outcomes. Further work will investigate VE for subsequent variant periods, booster doses
and expanded age-groups.
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Background

Yearly outbreaks of avian influenza (H5Nx) have a huge socio-economic impact worldwide and represent a
constant threat of zoonotic spill overs causing human epidemics or pandemics. Constant antigenic drift of
hemagglutinin surface glycoprotein and recombination with different neuraminidase subtypes, add a complex
dimension to design of universal H5 influenza vaccine antigens that can provide broad protection from H5Nx. Here
we present data on novel hemagglutinin based H5Nx antigen designs that have been iteratively optimised to
increase the antigenic coverage of H5Nx clades.

Method

Available hemagglutinin HSNx sequences from the NCBI virus database were downloaded, cleaned, and trimmed
to generate a non-redundant dataset of H5 sequences. Phylogenetic relationship between these sequences were
estimated and a phylogenetically optimised sequence was designed as a first DIOS vaccine candidate (DIOS-
T2_HA_9). Immunogenicity of the vaccine design was confirmed by DNA immunisation of BALB/c mice. Mouse
sera were tested for neutralisation using pseudotype neutralisation assays against a diverse panel of H5
hemagglutinin. Based on these results, DIOS-T2_HA_9 was further optimised to generate a panel of next tier DIOS
vaccine designs (DIOS-T3_HA_1/2/3/4/5) using epitope optimisation and receptor binding site modification to
achieve broad neutralisation.

Result

The DIOS-T2_HA_9 vaccine candidate generated broader immune responses to different HSNx compared to the
wild-type controls (H5_WSN and H5_GYR). We then improved DIOS-T2_HA_9 to broaden the immune response
to those H5Nx clades missed by previous immunisations. The improved designs (DIOS-T3_HA_1/2/3/4/5) showed
better neutralisation profiles against a panel of pseudotype expressing 9 antigenically diverse H5 hemagglutinin.

Fig. 1| Neutralisation by mice sera immunised with different H5 vaccine candidates. Each panel represents
neutralisation data for the H5 HAs belonging to the clade listed on the top of each panel. The X-axis represents
different vaccine candidates, and the Y-axis represents the log10IC50 values of the neutralisation curves.

Conclusion

A promising panel of hemagglutinin based H5 vaccine antigen candidates was developed, that upon immunisation
induced broad neutralisation against multiple antigenically distinct HSNxs. This novel broadly neutralising H5 based
vaccine candidates (either in combination or individually) could be utilised pre-pandemically in poultry to keep in
check the recurrent yearly avian influenza outbreaks, and/or prophylactically in the human population in years of
high risk.
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Background

The highly pathogenic avian influenza H5N1 viruses constantly evolve and give rise to novel variants that have
caused widespread zoonotic outbreaks and sporadic human infections. Vaccination is the most cost-effective
measure to combat influenza virus. Therefore, vaccines capable of eliciting broadly protective antibody responses
are desired and under development and evaluation in animal models and clinical trials.

Method

We conducted a dose escalating study of 30ug HA non-adjuvanted, 1.5, 7.5, and 30ug HA with Matrix M adjuvant
in healthy volunteers (15 adults each group). Blood samples were collected at multiple time points. We investigated
the kinetics of multi-faceted humoral immunity induced by the vaccine using a panel of assays including
hemagglutination inhibition assay, microneutralization assay, pseudotype-based neutralization assay, enzyme-
linked lectin assay, ELISA, and luciferase reporting antibody-dependent cell-mediated cytotoxicity assay. Mice
receiving post vaccine human serum transfer were challenged with RG14 virus to assess if vaccine elicited
protective antibody responses against HPAI H5N1 virus.

Result

An evaluation of sera from vaccinees against pseudotyped viruses covering all (sub)clades isolated from human
H5N1 infections demonstrated that the adjuvanted vaccines (7.5ug and 30ug) could elicit rapid and robust
increases of broadly cross-neutralizing antibodies against all clades. In addition, the adjuvanted vaccines also
induced multifaceted antibody responses including hemagglutinin stalk domain specific, neuraminidase inhibiting,
and antibody-dependent cellular cytotoxicity inducing antibodies. The lower adjuvanted dose (1.5pg) showed
delayed kinetics, whilst the non-adjuvanted vaccine induced overall lower levels of antibody responses. Importantly,
we demonstrate that human sera post vaccination with the adjuvanted (30ug) vaccine provided full protection
against a lethal virus challenge in mice. Of note, when combining our data from mice and humans we identified the
neutralizing and neuraminidase inhibiting antibody titers as correlates of in vivo protection.

Conclusion

Our study shows Matrix M adjuvanted virosomal H5N1 vaccine elicits rapid, robust and broadly protective multi-
faceted humoral immune response in humans.
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Background

Influenza A virus (IAV) infections in swine and poultry pose a constant threat to humans. Universally applicable
and safe animal vaccines are therefore urgently needed as they could help to prevent epizootic outbreaks and
resulting zoonotic spillovers. We recently demonstrated that a reassortment-incompatible chimeric bat H17N10
virus equipped with the surface glycoproteins of an avian IAV can be efficiently used as a modified live influenza
vaccine (MLIV) for poultry.

Method

We generated a chimeric bat IAV containing six internal gene segments of H17N10, together with the two surface
glycoproteins HA and NA of an avian H5N1 virus by reverse genetics and subsequently performed consecutive
passaging in eggs and chicken. Avian adaptive mutations were identified via deep sequencing. Mutations were
then characterized in avian and mammalian cell cultures as well as in mice.

Result

To ensure vaccine safety and thus improve the applicability of this novel MLIV for mammalian usage, we performed
consecutive passaging in eggs and chicken. Following passaging, we identified mutations in the viral polymerase
subunits PB2 (1382S), PB1 (Q694H, 1695K), and PA (E141K). Strikingly, recombinant chimeric viruses encoding
these mutations showed no growth deficiencies in avian cells, but displayed impaired growth in human cells and
mice. Homologous prime-boost immunization of mice with one of these avian-adapted chimeric viruses elicited a
strong neutralizing antibody response and conferred full protection against lethal HPAIV H5N1 challenge infection.
Importantly, insertion of the avian-adaptive mutations into conventional avian-like A/SC35M/1980 (H7N7) and
prototypic human A/PR/8/34 (H1N1) led to attenuated viral growth in human cells and mice.

Conclusion

In summary, we show that the polymerase mutations identified here can be utilized to further improve the safety of
our novel H17N10-based MLIV candidates for future mammalian applications.
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Background

Due to the continuously mutating nature of the H3N2 virus, two aspects were considered when preparing the H3N2
microneedle vaccines: (1) rapid preparation and (2) cross-protection against multiple antigenic variants. Previous
methods of measuring hemagglutinin (HA) content required the standard antibody, thus rapid preparation of H3N2
microneedle vaccines targeting the mutant H3N2 was delayed as a result of lacking a standard antibody. In this
study, H3N2 microneedle vaccines were prepared by high performance liquid chromatography (HPLC) without the
use of an antibody, and the cross-protection of the vaccines against several antigenic variants was observed.

Method

The HA content measured by HPLC was compared with that measured by ELISA to observe the accuracy of the
HPLC analysis of HA content. The cross-protection afforded by the H3N2 microneedle vaccines was evaluated
against several antigenic variants in mice. Microneedle vaccines for the 2019-20 seasonal H3N2 influenza virus
(19-20 A/KS/17) were prepared using a dip-coating process. The cross-protection of 19-20 A/KS/17 H3N2
microneedle vaccines against the 2015-16 seasonal H3N2 influenza virus in mice was investigated by monitoring
body weight changes and survival rate. The neutralizing antibody against several H3N2 antigenic variants was
evaluated using the plaque reduction neutralization test (PRNT).

Result

HA content in the solid microneedle vaccine formulation with trehalose post-exposure at 40°C for 24h was 48% and
43% from the initial HA content by HPLC and ELISA, respectively. The vaccine was administered to two groups of
mice, one by microneedles and the other by intramuscular injection (IM). In vivo efficacies in the two groups were
found to be similar, and cross-protection efficacy was also similar in both groups.

Conclusion

HPLC exhibited good diagnostic performance with H3N2 microneedle vaccines and good agreement with ELISA.
The H3N2 microneedle vaccines elicited a cross-protective immune response against the H3N2 antigenic variants.
Here, we propose the use of HPLC for a more rapid approach in preparing H3N2 microneedle vaccines targeting
H3N2 virus variants.
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Background

The continued antigenic change (drift) of influenza A virus strains over time in the human population necessitates
twice-yearly updates to the human seasonal vaccine composition. Development of a broadly cross-reactive
‘'universal' vaccine that does not require such frequent updates would be a considerable advantage. The aim of
this study was to assess a novel broadly cross-reactive vaccine technology in the pig model of influenza.

Method

The test vaccine in this study was a structure-based computational synthetic multi-gene antigen of human-origin
HAN1 influenza A virus (DIOSynVax-H1N1). It was administered intradermally (ID) to 5 pigs as DNA using the
PharmaJet® Tropis® needle-free system. Two control whole, inactivated virus (WIV) vaccines of the same H1N1
pandemic 2009 1A3.3.2 lineage, A/swine/England/1353/2009 (WIV1353) and A/Victoria/2454/2019 (WIVVic) in oil-
in-water adjuvant were administered intramuscularly to 5 pigs each at the same 4-week interval. Six weeks
following the second immunisation all groups were challenged with the swine-origin 1A3.3.2 strain
A/swine/England/1353/2009 (1.7 x1076 TCID50 per pig intranasally). Pigs were monitored daily post-inoculation
(dpi) until study completion on 8 or 9dpi.

Result

Nasal shedding of viral RNA was monitored daily by RRT-gPCR. All challenged animals shed viral RNA, reaching
a peak between 2 to 5dpi. Area under the curve analysis (Figure) showed significant reduction in the nasal
shedding of viral RNA in the animal groups vaccinated with the broadly reactive DIOSynVax-H1N1 (P=0.0012) or
WIV1353 (P=0.0003) vaccines when compared to the naive control or WIVVic vaccinated groups. All pigs resolved
the infection by 8-9dpi.

Influenza virus-specific serum antibody levels were monitored longitudinally by Haemagglutinin inhibition Assay
(HAI), and nucleoprotein (NP) ELISA. Both assays revealed significant antibody levels in the WIV-vaccinated
groups, even after a single vaccination. The DIOSynVax-H1N1 immunised pigs mounted an equivalent HA antibody
response to the WIV vaccines after the boost vaccination. In the groups where RNA shedding was decreased, high
neutralising antibody titres to the challenge virus were detected.

Conclusion

Importantly this study demonstrated proof-of-concept that pigs immunised with the DIOSynVax-H1N1 vaccine were
protected as well as pigs immunised with the WIV vaccine homologous to the challenge strain. In contrast, a WIV
vaccine antigen from a human-origin strain from the same pH1N1 1A.3.3.2 lineage, did not afford equivalent
protection against challenge, despite eliciting high hemagglutinating antibody levels.
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Background

Vaccination with Computationally Optimized Broadly Reactive Antigens (COBRA) of influenza hemagglutinins (HA)
confers a broad protective antibody (Ab) response against multiple influenza strains in influenza naive as well as
in preimmune pre-clinical animal models, such as mice, ferrets and non-human primates.

Dissection of the Ab response at the monoclonal level and following COBRA HA vaccination revealed the elicitation
of peculiar Ab populations capable of neutralizing multiple influenza strains within a subtype.

Upcoming clinical trials will confirm if COBRA vaccination can elicit the same breadth of Ab response in human
subjects. As another pre-clinical assessment, the evaluation of the Ab response to historical influenza vaccine
strains as well as to COBRA HA in subjects vaccinated with the standard of care (SOC) inactivated influenza
vaccine (IIV), will be fundamental to assess the characteristics of the pre-existing Ab repertoire in different age
groups.

Method

In this work, we longitudinally evaluated the Ab breadth of binding and functional activity of sera and plasmablasts
(PBs) obtained from SOC IIV vaccinated donors belonging to 3 different age groups (young adults, middle age and
elderly subjects) against HIN1 and H3N2 historical vaccine strains as well as against multiple H2N2 and H5N1
strains. We also evaluated the capability of sera and memory B cells (Bmem) to recognize COBRA HA as a
correlate of their Ab breadth and recall potentials. Additionally, to functionally profile the donor Ab response at a
higher resolution, monoclonal antibodies (mAbs) generated from the donor PBs were characterized for their
breadth of binding, functional activity, extent of somatic hypermutation and heavy and light chain subfamily genes.

Result

Interestingly, mAbs that were able to recognize COBRA HA were also endowed with a broad recognition and
functional activity against multiple historical influenza strains, and showing a similar mechanism of binding to mAbs
generated in COBRA pre-clinical animal models.

Conclusion

These results suggest that COBRA HA may be capable of recalling and eliciting antibodies endowed with a cross-
reactive and cross-neutralizing activity that will contribute in conferring a broad immune response to circulating
influenza virus variants, including pre-pandemic strains.
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Background

Adult hematopoietic stem cell transplant (HCT) recipients are at high risk for influenza-related morbidity and
mortality and have suboptimal influenza vaccine immune responses compared to healthy adults. A prior phase |
study demonstrated high-dose (HD) influenza vaccination to be safe in adult HCT recipients.

Method

This phase II, randomized, controlled, double-blind, multicenter trial compared two doses of either HD trivalent
(HD-TIV) or standard-dose quadrivalent (SD-QIV) influenza vaccine administered one month apart in adults who
were 3-23 months post-allogeneic HCT. Injection site and systemic reactions were assessed for 7 days post-
vaccination, and hemagglutinin antibody inhibition (HAIl) geometric mean titers (GMTs) were calculated at baseline,
four weeks following each vaccine dose, and approximately six months post-second vaccination. The primary
immunogenicity endpoint was the visit 3 HD/SD GMT ratio (GMR).

Result

From 2017-2019 we enrolled and randomized 124 adults (64 SD-QIV and 60 HD-TIV) at 4 sites (Table 1). Adjusted
GMR for A/HIN1, A/H3N2, and B-Victoria at visit 3 were 1.16 (Cl: 0.67, 2.02), 2.09 (CI:1.19, 3.68), and 1.61 (ClI:
1.00, 2.58), respectively. Any injection site reactions (Figure 1) at visits 1 and 2 were 48% vs.36%, p=0.5 and 48%
vs. 32%, p=0.10 for HD-TIV vs. SD-QIV, respectively. Any systemic reactions at visits 1 and 2 were 52% vs. 44%,
p=0.9 and 44% vs.46%, p=0.7 for HD-TIV vs. SD-QIV, respectively. Four serious adverse events occurred in the
HD-TIV group; none were deemed related to the vaccine.

Conclusion

In adult HCT recipients, two doses of HD-TIV produced higher HAI antibody responses for H3N2 and B/Victoria
compared with SD-QIV, with no statically significant difference in injection site and systemic reactions.
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Background

With the rapid expansion of new universal influenza vaccine technologies, there is an acute need to match this with
evaluation of immunogenicity broadly against multiple subtypes and strains.

Method

A best-in-class influenza hemagglutinin (HA) pseudotype library encompassing Influenza A subtypes HA1-18,
Influenza B (both lineages), Influenza C and Influenza D has been developed using lentiviral vector platform
technologies and co-expressed proteases. These viruses have been evaluated in influenza pseudotype
microneutralization (pMN) assays with post-vaccine sera and HA2-directed mAbs.

Result

The pMN is highly sensitive and specific for detecting virus-specific neutralizing antibodies against influenza viruses
and can be used to safely assess antibody functionality in vitro. and in high-throughput systems. We demonstrate
their utility in detecting serum responses to infection and vaccination with the ability to evaluate cross-subtype
neutralizing responses elicited by specific vaccinating antigens.

Conclusion

Our findings will inform further preclinical studies involving (universal, pan-subtype) immunization dosing regimens
in animal models and may help in the creation and selection of better antigens for vaccine design. This library is
the most comprehensive available globally and can be harnessed to meet strategic objectives that contribute to
the strengthening of global influenza surveillance, expansion of seasonal and zoonotic influenza prevention and
control policies, and strengthening pandemic preparedness and response.
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Background

Egg-adaptive mutations in influenza hemagglutinin (HA) often emerge during the production of egg-based seasonal
influenza vaccines, which contribute to the largest share in the global influenza vaccine market. Since the receptor-
binding site on hemagglutinin (HA) partially overlaps with several major antigenic sites, some egg-adaptive
mutations can alter the antigenicity of HA (e.g. L194P) while some mutations (e.g. G186V) have minimal impact
on the antigenicity. It is possible that different strains have different preferences of egg-adaptation pathways.
However, it remains to be explored whether such differential preference exists.

Method

Sequence analysis and mutagenesis experiments were performed to identify amino acid variants on human H3N2
HA that can affect the viral replication and preference of egg-adaptation pathway. We also performed a structural
modeling to give insights on the mechanism of such preference.

Result

We show that the preference of egg-adaptation pathway in human H3N2 HA is strain-dependent. In particular,
Thr160 and Asn190, which are found in many recent H3N2 strains, restrict the emergence of L194P but not G186V.
Our results further suggest that natural amino acid variants at other HA residues also play a role in determining the
egg-adaptation pathway. Consistently, recent human H3N2 strains from different clades acquire different mutations
during egg passaging.

Conclusion

Our study demonstrates that natural mutations in human H3N2 HA can influence the egg-adaption pathway, which
has important implications in seed strain selection for egg-based influenza vaccine.
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Background

As part of the influenza vaccine redevelopment program associated with the introduction of quadrivalent influenza
vaccine (QIV), Seqirus has developed a process for the biannual introduction of new influenza strains to meet WHO
recommendations, which involves ensuring adequate virus splitting conditions to eliminate potential cytokine
induction.

This report demonstrates the utility of the NF-kB cytokine activation assay for detection of cytokine activation to
ensure virus is sufficiently split to ensure an appropriate safety profile.

Method

The NF-kB Activation Assay is an in vitro method to screen for the ability to induce cytokine responses, a surrogate
measure for potential vaccine pyrogenicity. The assay assesses the uptake of either double stranded (ds)RNA or
single stranded (ss)RNA by Toll-like receptors (TLR-3) and TLR-8 respectively, and the subsequent activation of
NF-kB, a key cellular transcription factor. Toll-like receptors are a class of pattern recognition receptors whose role
in vivo is to detect danger signals associated with pathogens, and when activated, to drive cytokine production and
the innate immune response. Thus, assessing NF-kB activation in this assay provides a direct measure of potential
cytokine induction, and thus pyrogenic potential of vaccine drug substance and drug product.

Result

The report analyses the sensitivity of the TLR/NF-kB activation assay using data generated through the QIV
development program, post marketing commitments, as well as characterisation data generated to support the
introduction of new strains, demonstrating that the assay to be a sufficiently sensitive marker to detect low levels
of pyrogenic signal. Once an optimised TDOC concentration has been established for an influenza strain, the
concentrated and formulated vaccine remains pyrogenically inert in the NF-kB activation assay.

Conclusion

The report highlights the importance of optimisation of the influenza virus splitting process as assessed by the NF-
kB activation assay in controlling the pyrogenic potential of new virus strains and in ensuring the production of
vaccine with an appropriate product quality safety profile.
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Background

It is challenging to produce high quality recombinant proteins using prokaryotic expression systems, like
Escherichia coli (E. coli) even though this system can save a great time and expense. To overcome this problem,
RNA was used as molecular chaperon for effective protein folding in previous study. In this study, recombinant H9
or H5 HA globular domain (HAgd) fused with RNA interaction domain (RID) were produced in E. coli system and
immunogenicity of these vaccines were verified by animal experiments. Also, different band pattern in western blot
results showed that RID could be used as a marker to differentiate infected animals from vaccinated animals.
(DIVA)

Method

H9 HAgd or H5 HAgd fused with RID were produced in E. coli system respectively. BALB/C mice(n=6) were
vaccinated with RID H9 formulated with Alhydrogel adjuvant 2 times with 2 weeks intervals by intramuscular
injection (IM). Mice sera were collected 2 weeks after each immunization and used for Enzyme-Linked
Immunosorbent Assay (ELISA). 3 mice of each of groups were sacrificed for Enzyme-Linked ImmunoSpot
(ELISPOT) assay. Vaccinated mice were challenged with H9 virus to test protection against wildtype virus. Also,
DIVA strategy of RID H9 vaccine was confirmed with different band pattern against H9 inactivated virus immunized
group by western blot. To demonstrate immunogenicity in chicken experiment, RID H9 protein formulated with
ISA70 were injected to SPF chickens (n=8) 2 times 3 weeks apart by IM route. In ELISA, IgY antibody titers were
measured with Chicken sera which were collected 3 weeks after each vaccination.

For RID H5 HAgd vaccine, BALB/C mice(n=6) were immunized with RID H5 formulated with Alhydrogel adjuvant
3 times with 2 weeks intervals by IM route. ELISA and virus challenge were also conducted for RID H5 vaccine.

Result

In mouse experiment results, the specific IgG antibody titers against RID HAgd were induced significantly. Also,
specific IgY antibody titers against RID H9 were detected in chicken experiment. For T cell responses, there were
considerable induced level of interferon gamma and interleukin 4. In virus challenge results, there were no
significant loss in mice body weight and all immunized mice could survive from virus infection. With western blot
results, recombinant RID H9 immunized sera could detect RID protein, on the other hand H9 inactivated virus
immunized sera could not detect RID protein.

Conclusion

Recombinant RID H9 or H5 HAgd vaccine could induce significant humoral and cellular responses in animal
experiments. Also, different band pattern using RID H9 vaccinated sera which interact with RID protein in western
blot, shows promise as a DIVA vaccine. With these results, RID H9 or H5 HAgd DIVA vaccine can be a desirable
influenza vaccine candidate.
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Background

Zoonotic avian influenza viruses (AIVs) pose a severe health threat to humans. Of several viral subtypes that have
been reported, a H7N9 virus has been responsible for more than 1,500 cases of human infection nearing a 40%
case-fatality rate. Vaccination of poultry appears to reduce risk of human infections, yet the emergence of AlVs
has increased concerns over the occurrence of avian influenza pandemics. To combat this issue, we set out to
develop a vaccine by utilizing N-linked glycosylation (NLG) pattern changes on the viral hemagglutinin (HA) protein
based on evolutionary patterns of HA NLG changes of AlVs.

Method

Complete HA genomic sequences of AlVs were downloaded from the NCBI database and used for NLG pattern
analysis. Target residues for NLG modification were then selected, and NLG-mutant HA viruses (7:1 recombinant)
were generated on the genetic backbone of A/Puerto Rico/8/1934 (PB2, PB1, PA, NP, NA, M, and NS genes)
carrying an NLG-mutant HA gene by plasmid-based reverse genetics. For animal model study, BALB/c mice and
ferrets were either primed or boosted intramuscularly at a 2-week interval, with the inactivated virus antigen
containing or without alum adjuvant. Two weeks after the final immunization, the mouse and ferret antisera were
collected for use in serological assays.

Result

The virus containing NLG modification to HA (H2, H4, H5, and H6 subtypes) displayed higher growth rates in cell
culture and elicited more cross-reactive antibodies when compared with the vaccine viruses harboring wild-type
HA with no change in the viral antigenicity. In the inactivated vaccine formulation, the vaccine virus with NLG
additions exhibited noticeably improved protective efficacy in lethally challenged mice and resulted in the reduction
of viral replication in the lungs. In ferrets, the NLG-added vaccine viruses also induced hemagglutination-inhibiting
antibodies and significantly suppressed viral replication in the upper and lower respiratory tracts compared with the
wild-type HA vaccines.

Conclusion

As presented in the H7N9 vaccine study, HA NLG modification protected animals from lethal challenge of H2, H4,
H5, and H6 subtypes. These results strongly suggest the potential of HA NLG modifications when designing avian
influenza vaccines.
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Background

The most common egg-based inactivated Influenza vaccine has several limitations, such as residual allergenicity
of egg protein and the use of toxic chemical agents for pathogen inactivation. In this study, we develop new vaccine
platforms using antigen displayed baculovirus with inactivation by catechin component to overcome disadvantages
of traditional vaccine platform. This vaccine platforms produced in insect cells and inactivated by natural material
have shown the possibility for safe and expeditious production. In addition, catechin inactivation minimize side
effects caused by the remaining chemical substances such as formalin and no chemical removal step is required
in vaccine produce.

Method

The antigen expressed recombinant baculovirus were generated in sf9 cells using Bac-to-Bac system and
quantified by hemagglutination assay and baculovirus titration. Also, the inactivation effect of catechin against to
antigen displayed baculovirus were quantified by baculovirus titration. In vivo test, the specificity of antibody
responses was tested by ELISA and mice were survived from lethal influenza virus challenge.

Result
Our study demonstrated the safety, immunogenicity and protective efficacy of inactivated recombinant
baculovirus(egcg-rBV). It was not replicated in mice through real-time quantitative PCR using homogenized

infected lung. This egcg-rBV induced neutralizing antibodies in mice and survived against lethal PR8 virus
challenge.

Conclusion

The HA expressed recombinant baculovirus inactivated with egcg as effective novel vaccine platform. We have
successfully evaluated the safety, immunogenicity and protective efficacy of HA expressed recombinant
baculovirus inactivated with egcg. This novel vaccine platform could be used for the other virus vaccine.
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Background

As COVID-19 vaccines do not efficiently prevent virus transmission of new variants of concern such as Omicron,
the primary aim of vaccines is reducing disease severity in high-risk groups, towards which T cell immunity makes
significant contributions. There is a paucity of data on vaccine induced T-cell immunity to Omicron especially the
CoronaVac. Here we provide a head-to-head comparative study on T cell immune responses to Omicron elicited
by CoronaVac and BNT162b2 vaccines.

Method

s: Adults receiving either 2 doses of BNT162b2 (n=214) or CoronaVac (n=214) vaccines as well as subgroups who
had received 2 doses of CoronaVac and then a booster dose of either BNT162b2 (n=39) or CoronaVac (n=40)
were recruited in Hong Kong. The percentage of IFNy+CD4+ and IFNy+CD8+ T cells against SARS-CoV-2 were
determined from by flow cytometry using peptide pools of wild type or Omicron.

Result

Two doses of either CoronaVac or BNT162b2 elicited significant number of SARS-CoV-2 specific CD4 and CD8
responses compared to the pre-vaccinated controls. Vaccine induced T cell responses to the wild-type and
Omicron viruses were comparable in the two vaccines. However, BNT162b2 induced more potent spike-specific
CD4 and CD8 T cell responses in adults compared to CoronaVac. Adults with age 260 showed significantly lower
numbers of SARS-CoV-2 specific T cells if they received CoronaVac, compared to BNT162b2. Receiving a third
dose of either BNT162b2 or CoronaVac boosted waning T cell responses compared to pre-third dose levels, but
levels did not exceed those seen 1 month after the second dose.

Conclusion

Two doses of CoronaVac or BNT162b2 provide T cell responses to Omicron in adults but BNT162b2 induces better
T cell responses in old adults. A third dose of either vaccine restores waning T cell responses to that seen one
month after the second dose.
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protect hACE-2 mouse from Lethal infection of the SARS-CoV-2
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Background

SARS-CoV-2 is a type of beta-corona virus, which occurred in 2019 and has caused many infections and many
deaths until 2022, and continues to cause infections and deaths. As the SARS-CoV-2 outbreak caused a worldwide
infection, various vaccine platforms were used to create a vaccine against SARS-CoV-2. Newcastle disease
virus(NDV) is a poultry-derived Single Strand RNA virus and is a safe virus vector Known to rarely infect humans.
In this study, a SARS-CoV-2 vaccine of a novel virus vector platform was created and evaluated using the NDV-
vector system.

Method

The whole Spike genome of the beta strain of SARS-CoV-2 was inserted using the NDV- vector system. NDV-
SARS-CoV-2(s full; beta) was evaluated for immunogenicity against intranasal and intramuscular route and
protective ability against SARS-CoV-2 beta strain through hACE-2 transgenic mouse. After serum separation
through blood collection, the antibody titer of NDV was evaluated through HI, and the antibody titer SARS-CoV-2
was evaluated through ELISA. After two vaccinations with NDV-SARS-CoV-2(S full; beta) at 1076.0EID50, the
protection level against the SARS-CoV-2 beta strain was also evaluated.

Result

The HI titer of NDV of the two inoculation methods appeared after the secondary vaccine, and the SARS-CoV-2
antibody titer through ELISA was confirmed from the 4th week after the primary vaccine. The protective ability of
the SARS-CoV-2 beta strain was confirmed to be 70% for the intra-muscular vaccine and 85% for the intranasal
vaccine.

Conclusion

When 100% survival rate is confirmed by increasing the vaccine concentration, NDV-SARS-CoV-2(S full; beta) can
be a candidate for the egg-based SARS-CoV-2 vaccine, vaccination routes can also be used for intramuscular and
intranasal routes.
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Background

Variants of SARS-CoV-2 have been emerging since 2020, often with enhanced transmissibility and/or can escape
from pre-existing immunity established by vaccination or earlier infection. Repeated vaccination was recommended
to provide protection against severe illness and hospitalization, especially in the elderly and healthcare worker.
Human coronaviruses (HCoV), including HKU-1, OC43, NL63, 229E, circulate in humans and cause mild
respiratory tract symptoms. However, little is known about the HCoVs specific immunity prior to COVID19
pandemic. It's important to understand whether and how HCoV specific immunity is impacted by repeated SARS-
CoV-2 vaccination and infection.

Method

At the Influenza Centre, we have conducted prospective cohort studies in SARS-CoV-2 infected and vaccinated
subjects from different ages and collected sequential serum samples before and after repeated mRNA (Comirnaty,
BNT162b2 2 doses at 3 week interval, and booster dose 9 months later) vaccination. The SARS-CoV-2 specific
and HCoVs-reactive binding antibodies were quantified using ELISA with full length spike proteins. The different
magnitude and kinetics of head and stalk domain specific antibodies were assessed with S1 and S2 proteins. The
cross-neutralizing antibodies were measured against live SARS-CoV-2 and HCoVs in neutralization assays.

Result

The elderly and young adults had low concentrations of full-length spike and S1 domain specific antibodies, but
moderate level of S2 domain specificantibodies prior to vaccination. The initial two doses of mRNA vaccines
induced significantly higher SARS-CoV-2 specific antibodies in young adults than in the elderly. Whereas the
booster vaccine dose increases SARS-CoV-2 specific antibodies in both age cohorts. S2 domain specific
antibodies fold-induction and waning are not as dramatic as S1 specific antibodies after repeated vaccination.OC43
and HKU1 beta-coronaviruses are genetically closer to SARS-CoV-2 compared to 229E and NL63 alpha-
coronaviruses. Repeated SARS-CoV-2 vaccination induced higher levels of cross-reactive antibodies against
0OC43 and HKUL1 in young adults than in the elderly, whilst cross-reactive antibodies against 229E or NL63
maintained the same in young adults, but waned over time in the elderly.

Conclusion

Our study shows repeated SARS-CoV-2 vaccination altered the ratio of spike head and stalk domain specific
antibody responses, and boosted antibodies cross-reactive towards closely related beta-coronavirus.
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Background

We examined SARS-CoV-2 anti-spike 1 1gG antibody levels following COVID-19 vaccination (AstraZeneca [AZ],
Sinovac [SV], Pfizer-BioNTech [PZ]) among Thai healthcare providers.

Method

Blood specimens were tested using enzyme-linked immunosorbent assay. We analyzed seven vaccination
regimens: a) one dose of AZ or SV, b) two doses of homologous (2AZ, 2SV) or heterologous (1AZ+1PZ) vaccines,
and c) three doses of heterologous vaccines (2SV+1AZ, 2SV+1PZ). Differences in antibody levels were assessed
using Kruskal-Wallis statistic, Mann-Whitney test, or Wilcoxon matched-pairs signed-rank test. Antibody kinetics
were predicted using fractional polynomial regression.

Result

The 563 participants had median age of 39 years; 92% were female; 74% reported no underlying medical condition.
Antibody levels peaked at 22-23 days in both 1AZ and 2SV vaccinees and dropped below assay's cutoff for positive
(35.2 binding antibody units/mL [BAU/mL]) in 55 days among 1AZ vaccinees compared to 117 days among 2SV
vaccinees. 1AZ+1PZ vaccination regimen was highly immunogenic (median 2,279 BAU/mL) 1-4 weeks post
vaccination. 2SV+1PZ vaccinees had significantly higher antibody levels than 2SV+1AZ vaccinees four weeks post
vaccination (3,423 vs. 2,105 BAU/mL; p-value<0.01), and during weeks 5-8 (3,656 vs. 1,072 BAU/mL; p-
value<0.01). Antibodies peaked at 12-15 days in both 2SV+1PZ and 2SV+1AZ vaccinees, but those of 2SV+1AZ
declined more rapidly and dropped below assay's cutoff in 228 days while those of 2SV+1PZ remained detectable.

Conclusion

1AZ+1PZ, 2SV+1AZ, and 2SV+1PZ vaccinees had substantial IgG levels, suggesting that these individuals likely
mounted sufficient anti-S1 1gG antibodies for possible protection against SARS-CoV-2 infection.
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Background

The waning immunity against COVID-19 was already shown by several studies and constitute the main challenge
to adapt the national vaccination program. The Portuguese vaccination campaign recommended the primary
vaccination scheme for all population above 5 years old and a booster dose for adults and risk groups. This study
aims to report the immunological profile of a health care professional (HCW) cohort of the National Institute of
Health (INSA) by the detection of SARS-CoV-2 specific antibodies, including those induced by the vaccine or
acquired after natural infection.

Method

Between January 2021 and February 2022 (12 months), a prospective longitudinal study followed-up a cohort of
221 HCW from INSA. All the participants collected nasopharyngeal samples to monitor SARS-CoV-2 infection by
RT-PCR, and sera for specifc antibody detection against SARS-CoV-2 (quantitative 1gG anti-Spike/RBD) through
a Chemiluminescence enzyme immunoassay. Samples were collected at recruitment/before 1st dose (T1), 30
days(d) after 1st dose (T3), 20-70d after 2nd dose (T4), 150-210d after 2nd dose (T5), 240-300d after 2nd
dose/before booster(T6) and 20-60d after booster dose(T7). The geometric mean (GMT, 95% CI) of anti-S/RBD
IgG was estimated and Wilcoxon's rank sum test was applied to detect statistical differences at different moments
of the follow-up period.

Result

From the 221 participants included in the study, 86,9% were women, between 20-49 years old (51,6%) and 50-70
years old (48,4%). The most frequently administered vaccine was Comirnaty (83.8%). 184 participants took the
booster dose of COVID-19 vaccine. Although a marked decay was observed in antibody titers along the follow up
period, the booster dose increased the GMT antibody 2,2 fold for participants compared to the GMT at 30 days
after the primary vaccination scheme (1028,86 [95%IC: 873,70-1211,58] vs. 2309,12 [95%IC: 2010,68-2651,86].
Rise in antibody titers, after booster dose, was markedly higher for the ones without SARS-CoV-2 infection (2,24
fold increase in GMT, 982,42[95%IC: 832,90-1159,69] vs. 2213,14[95%IC: 1912,59-2560,92]) compared to the
ones with a SARS-CoV-2 previous infection (1, 01 fold increase in GMT, 1750,48[95%IC: 700,51-4374,21] vs.
1750,48 [95%IC: 700,51-4374,21]).

Conclusion
The booster dose recovered the IgG (anti-S) antibody titers acquired after the primary vaccination scheme. For
participants who had no previous infection, the vaccine not only recovered antibody titers from the full vaccination

but also increased them. Higher antibody titers corroborate with the higher vaccine effectiveness reported in
literature for several population after booster vaccine dose.
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Background

While vaccination offers an effective counter-measure to help mitigate the COVID-19 pandemic, several factors
continue to determine its benefits: the challenges of a waning immune response and emergence of new variants
erode protection against SARS-CoV2 infection and disease. The goals of vaccination and the duration of the level
of protection afforded by vaccination have implications for the implementation of booster vaccination programs,
their frequency, and/or need for novel vaccines.

Method

We reviewed the literature published on SARS-CoV2 with respect to the duration of humoral and cellular immune
response and protection against non-symptomatic infections, mild or severe disease, hospitalizations, and death
caused by different variants of concern in individuals who have been vaccinated against and/or infected by SARS-
CoV2 with specific focus on evidence informing the future COVID-19 booster vaccination recommendations and
development of novel vaccines.

Result

Clinical trials and real-world evidence indicate waning of antibody response with time since initial vaccination or
after natural infection, suggesting a correlation between the efficacy/effectiveness of different vaccines against
symptomatic disease and neutralizing antibody titers; however, protection against severe disease appears more
durable, probably due to anamnestic humoral and cellular immunity. Emerging data demonstrate that heterologous
vaccination and hybrid immunity expand the breadth of both humoral and cellular immunity. Other factors, such as
age and underlying medical conditions, also impact the immune response. Concerns about the waning of vaccine-
induced immunity and reduced vaccine effectiveness help inform recommendations for the need and timing of
boosters for eligible populations. The accelerated emergence of new, highly transmissible variants that escape
immunity, raises further challenges regarding the need for additional, variant-appropriate boosters and their
frequency to sustain protection against severe disease.

Conclusion

The primary goal of immunization in the COVID-19 pandemic remains to protect against severe disease,
hospitalization, and death by ensuring all eligible individuals receive up to date COVID-19 primary series and all
currently recommended booster doses. The degree of protection and need for additional booster doses may differ
between eligible populations and circulating SARS-CoV2 virus variants. New candidate vaccines are being
developed to broaden variant coverage, improve the immune response, and impact transmission which may
ultimately help improve control the COVID-19 burden of disease worldwide.
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Background

Severe Acute Respiratory Syndrome Coronavirus 2 is a causative agent of infectious diseases that have been
prevalent worldwide in 2019. It was first reported in China, and among the existing viral infections, it is highly
contagious and has a high mortality rate. Many vaccine candidates are currently being developed including viral
vector, recombinant protein-based vaccines, and mRNA vaccines. But the safety and efficacy of developed
vaccines are still a concern as new variants are rapidly emerging. they deliver a robust immune response and are
associated with the long-lasting cellular immunity. In this study, we developed a live attenuated SARS-CoV-2
vaccine candidates using cold-adaptation and the attenuation was confirmed using hACE2 transgenic mouse.

Method

Subculture of the SARS-CoV-2 Wuhan strain, an ancestral strain, was performed using Vero e6 cells by a low-
temperature adaptation method. Growth of SARS-CoV-2 in Vero e6 cells was gradually adapted from 37°C to 31°C.
The initial strain started culturing at 37°C, and then proceeded every 10 passages by lowering the temperature by
1°C. To confirm the attenuation of SARS-CoV-2 vaccine candidates in vivo, Transgenic mice were intranasally
challenged with 104.7 Tissue Culture Infectious Dose (TCID) of cold-adapted vaccine candidates passage no. 30,
40, 50, 60 or wild type SARS-CoV-2 WUHAN strain. This experiment included for wild type and negative
control(PBS). The infected mice were monitored for 2weeks. (Clinical symptoms, weight loss and mortality rates)

Result

In the p30, 40, and 60 groups, 2~40% of deaths occurred between 8 and 14 days after inoculation, but all p50
survived without weight loss. Clinical symptoms appeared from day 4. Clinical symptom test details include
Anorexia, weight change, hair roughness, and movement. The Wild type of group all died on the 9th day after
administration. The negative control group administered PBS did not lose weight. Through this experiment, we
found the P50 vaccine candidate was successfully adapted without showing pathogenesis.

Conclusion

We evaluated pathogenicity of cold-adapted live attenuated SARS-CoV-2 vaccine candidate by its passage
number. Through animal experiment using K18-hACE2 transgenic mice, we proved that the SARS-CoV-2 P50
candidate was sufficiently attenuated by the cold-adaptation method. This experiment will be an important basis
for the mutation study for attenuation, and following efficacy tests leading to development of live SARS-CoV-2
vaccine.
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Background

Probiotic microorganisms are currently considered as a promising platform for the development of recombinant
vaccines expressing viral or bacterial antigens. In the current study, we assessed SARS Cov-2 S1 protein
expression after the insertion of appropriate genetic element into the genome of a probiotic strain Enterococcus
faecium L3 (L3). We studied the expression of the inserted viral gene fragment at the stage of mRNA synthesis
and its localization in a bacterial cell.

Method

S1 SARS-Cov-2 gene fragment of 512 bp was inserted into major pili protein gene with d2 domain of enterococcal
operon using integrative plasmid pentF-sarsS. Location of the insertion was confirmed by PCR and DNA
sequencing. The expression of mMRNA was studied using real-time PCR (rRT-PCR) using specific primers. For
immunoelectron microscopy the L3-SARS bacteria were grown in Luria Broth (VWR Life Science Products,
Amresco, Solon, United States) medium at 37°C for 18 h., washed three times in PBS by centrifugation and
resuspended in 0.1 M NaCl to obtain 10x concentrate. The source of primary antibodies was human polyclonal
serum containing IgG specific for S1 of SARS-Cov-2 which were previously adsorbed twice on pure non-modified
L3 culture in a ratio of 1:10 in order to avoid nonspecific binding. Immunogold labeling was performed using goat
IgG conjugated to 18 nm gold particles (1 mg/ml; Jackson ImmunoResearch Laboratories, West Grove, United
States). Electron microscopy was performed on a JEM-2100 transmission electron microscope (JEOL, Tokyo,
Japan) through the Resource Center of St. Petersburg State University.

Result

The expression of mMRNA isolated from the recombinant enterococcal strain L3 with the insert of the SARS-Cov-2
gene S1 fragment employing RT-PCR revealed a significant degree of PCR product. At the same time, amplification
did not occur when total RNA was isolated from a pure L3 culture. Electron microscopy of the strain L3-SARS
demonstrated that gold-conjugated antibodies are distributed along the entire length of the piles. Unmodified E.
faecium L3 not interacted with SARS-Cov-2-specific 19G.

Conclusion

Immune electron microscopy data shows that a fragment of spike protein from SARS-Cov-2 capable of being part
of a properly assembled enterococcal pili. This finding makes the strain L3-SARS an interesting vaccine candidate
due to the easy access of pili to the host immune system.

This research was supported by grant of the Ministry of Science and Higher Education of the Russian Federation
(No. 075-15-2020-902)
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Background

The evolution of SARS-CoV-2 has resulted in the emergence of variant lineages that exacerbated the COVID-19
pandemic. The divergence into variants of concern/interest (VOC/VOI) necessitates analysis of the impact on virus
neutralization by antibodies elicited post-vaccination.

Method

Because mRNA vaccines were the earliest and primary form of COVID-19 vaccines administered in the United
States of America, we systematically evaluated the ability of VOC/VOIs containing various combinations of spike
(S) protein mutations to escape neutralization by at least 20 individual post-vaccination sera using a focus reduction
neutralization test (FRNT). To rapidly characterize emerging variants, we also generated SARS-CoV-2 fluorescent
reporter viruses with VOC/VOI S protein substitutions and deletions compared to the index virus, hCoV-
19/Wuhan/WIV04/2019 (S-614D), by reverse genetics.

Result

Significant differences in neutralization escape from post-vaccination sera were observed among the variants and
varied depending on whether individuals received a second or third mRNA vaccine dose. The S-D614G substitution
had minimal impact on the neutralizing activity of the vaccinee sera, compared to the progenitor 614D reference
virus, in which the spike sequence is most closely related to that used in vaccine production. The Alpha variant
(B.1.1.7) showed little escape from neutralization, while the Gamma (P.1), Delta (B.1.617.2 and AY.4.2), Epsilon
(B.1.427/B.1.429), Zeta (P.2), Eta (B.1.525), lota (B.1.526/B.1.526.1), Kappa (B.1.617.1), Lambda (C.37), and
B.1.617.3 variants showed modest antigenic distinction/drift, with 4-fold reduction in neutralization titers against
these viruses compared to the index virus. Theta (P.3), Mu (B.1.621), and Beta (B.1.351) variants showed
moderate antigenic drift (i.e., 24-7-fold reductions in serum neutralization titers). Of note, the Omicron variant
lineages (BA.1, BA.1.1, BA.2, BA.2.12.1) had the greatest escape from serum neutralization observed to date when
tested with post-second dose vaccine sera (35-fold or higher reductions in serum neutralization titers).
Neutralization titers to Omicron variant lineages increased after a third vaccine dose (>10-fold compared to post-
second dose sera) but remained reduced (>8-fold) compared to those of the index virus.

Conclusion

These findings demonstrate that neutralizing antibodies elicited by mRNA vaccines neutralized most VOC/VOls
well. Omicron variant lineages, however, have significant antigenic drift away from the index viruses and escape
neutralizing antibodies even after a third vaccine dose. Therefore, antigenic characterization of emerging SARS-
CoV-2 variants will remain a critical component to assess suitability of mMRNA vaccine antigens.
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Background

Pandemic SARS CoV-2 has undergone rapid evolution resulting in the successive emergence of many variants
with novel mutations in the Spike (S) protein, some of which appear to evade antibody neutralization, transmit more
efficiently, and/or potentially increase virulence. These variants raise significant concerns regarding the long-term
efficacy of protection elicited after primary infection, or from vaccines derived from single virus Spike genotypes,
as well as the efficacy of anti-Spike monoclonal antibody-based therapeutics. To potentially address these
concerns, SAB-185, a human anti-SARS-CoV-2 polyclonal antibody (pAb), was generated in the DiversitAbTM
platform and evaluated in vitro and in vivo.

Method

The in vitro neutralizing capacity of SAB-185 was tested against seven variant SARS-CoV-2 strains: Munich (Spike
D614G), alpha (B.1.1.7), beta (B.1.3.5), gamma (P.1), delta (AY.1) and omicron (BA.1-B.1.1.529) variants, and a
variant isolated from a chronically infected immunocompromised patient (Spike 1&#129;&#132;144-146). For in
vivo protection studies, we used a new human ACE2 (hACE2) transgenic Syrian hamster model that results in
death and/or severe disease after intratracheal administration of SARS-CoV-2 variants. SAB-185 was delivered
prophylactically prior to challenge with the Munich, alpha, beta, delta, Spike 1&#129;&#132;144-146, and Omicron
variants.

Result

SAB-185 exhibited similar neutralization titers of the Munich, alpha, beta, gamma and 1&#129;&#132;144-146
variants on Vero E6 cells and retained neutralization titers for the delta variant AY.1 and omicron BA.1 variants. In
the in vivo protection studies with a human ACE2 (hACE2) transgenic Syrian hamster model, we show rapid
lethality after intratracheal SARS-CoV-2 challenge with the Munich, alpha, beta, delta, and 1&#129;&#132;144-146
variants. Interestingly, challenge with the omicron BA.1 variant resulted in a delayed, less severe, and non-lethal
disease. Importantly, in this hamster model, prophylactic SAB-185 treatment protected the hamsters from death
and minimized clinical signs of infection when challenged with the variant SARS-CoV-2 viruses, including omicron.

Conclusion
We show that SAB-185, comprised of human anti-SARS-CoV-2 pAbs, maintains in vitro neutralization and in vivo
protection in hACE2 hamsters despite multiple Spike protein mutations in successive SARS CoV-2 variants,

including omicron. This suggests that SAB-185 may be an effective immunotherapy even in the presence of
ongoing viral mutation.
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Background

The global SARS-CoV-2 pandemic prompted rapid development of COVID-19 vaccines and several vaccines have
been licensed for human use. However, the SARS-CoV-2 pandemic continues. Emergent variants of concern,
waning immunity in the vaccinated, evidence that vaccines may not prevent transmission and inequity in vaccine
distribution have driven continued development of vaccines against SARS-CoV-2 to address these gaps in public
health needs.

Method

We evaluated binding and neutralizing antibody, T cell responses and protective efficacy of a novel self-amplifying
replicon RNA vaccine against SARS-CoV-2 in a pigtail macaques. We found that this vaccine elicited strong
neutralizing antibody after one or two doses. However, neutralizing antibody waned to low to undetectable levels
after six months. Prior to challenge, neutralizing antibody responses were boosted in a subset of animals to high
levels prior to challenge and protection in these animals was compared to the remaining animals that had low to
undetectable neutralizing antibody.

Result

All macaques, regardless of level of neutralizing antibody at the time of challenge, were protected from disease
when challenged as evident by reduced viral replication, proinflammatory responses and gross pathology in the
lung as well as reduced viral shedding in the nasal cavity. Furthermore, a separate set of macaques primed with a
repRNA vaccines matching the original WA-1 strain and then boosted with updated repRNA vaccines matching the
Delta and Omicron variants developed broad antibody responses against all VOCs.

Conclusion

Cumulatively, our data demonstrate a self-amplifying repRNA vaccine can prime for robust and broad neutralizing
antibody responses and provide durable protective efficacy even after neutralizing antibody responses have waned
to undetectable levels.



26 — 29 September 2022
ICC Belfast
UK

Poster Reception Il

- AOXI0483

Differences in seroprevalence between epicenter and non-epicenter
areas of the COVID-19 outbreak in South Korea

Seung-Gyu Jang?, Eun-Ha Kim?, Mark Anthony Casel?, Rare Rollon?, Ju-ryeon Gil%, Jeong-Ho Choi®, Young Ki Choi?

!College of Medicine and Medical Research Institute, Chungbuk National University, Cheongju 28644, Republic of Korea,
2College of Medicine and Medical Research Institute, Chungbuk National University, Cheongju 28644, Republic of Korea; 1D Bio
Corporation, 157, Suui-ro, Heungdeok-gu, Cheongju-si, Chungcheongbuk-do, 28370, Republic of Korea, ID Bio Corporation,
157, Suui-ro, Heungdeok-gu, Cheongju-si, Chungcheongbuk-do, 28370, Republic of Korea

Background

During the first outbreak of COVID-19 in Korea, Daegu City constituted the highest confirmed cases. Herein, we
aimed to investigate the seroprevalence between regions with high- and low-cumulative COVID-19 case rates.

Method

Outpatient sera were randomly selected daily at two tertiary referral hospitals, Daegu Gyeongbuk University
Hospital (KNUH) and Chungbuk Chungbuk National University Hospital (CBNUH), from May 1, 2020 to July 17,
2020. To investigate the anti-SARS-CoV-2 seroprevalence, IgG and neutralizing antibody (NAb) was assayed
using Vero cells.

Result

A total of 7,248 outpatients' serum samples, which were not diagnosed as COVID-19 positive at the time of this
study, were collected from the two hospitals, 3,268 from KNUH and 3,981 from CBNUH. The IFA IgG results
revealed that the samples from KNUH (Daegu City) showed 1.25% seropositivity while a 0.83% seropositivity from
CBNUH against SARS-CoV-2. Interestingly, the 70-79-year-old age group showed the highest seroprevalence in
Daegu City, while patients 20-29 years of age showed the highest seroprevalence in Chungbuk Province. Twenty-
four of 41 (58.5%) seropositive samples from KNUH were = 60 years old, while 10 of 33 (30.3%) seropositive
samples were from = 60-year-old age group of CBNUH. NAb titers were found in three samples from KNUH (3/3,
268, 0.09%) while none among the CBNUH samples. Further, we compared seroprevalence within the general
population at the epicenter of the COVID-19 outbreak in South Korea with that of a non-epicenter area.
Interestingly, the seroprevalence of SARS-CoV-2 in Daegu City was only 1.5 times higher than the Chungbuk
Province while the incidence of COVID-19 (number of cumulative cases per 100,000 people in each area) in Daegu
City was 64 times higher than that of Chungbuk Province. Further, the highest seroprevalence in Daegu City was
found in elderly patients compared to the young adult patients in Chungbuk Province.

Conclusion

In summary, we compared the SARS-CoV-2 seroprevalence rates between the geographic area with the highest
and lowest COVID-19 case rate in South Korea. The results revealed that Daegu City (epicenter) showed higher
seroprevalence rate than that of the region with the lowest cumulative number of infections, Chungbuk Province.
Although following the large outbreak during the first wave of SARS-CoV-2 infection, seropositivity against SARS-
CoV-2 in the general population remained low in South Korea. Therefore, the attainment of herd immunity through
natural infection would be very difficult in South Korea due to this low seroprevalence.
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Background

Influenza virus neuraminidase (NA) is a key target for antibody-mediated protective immunity as it has been shown
to be an independent correlate of protection against infection and has limited antigenic drift. However, we lack high
resolution structural details as well as immunogenetic information to understand the breadth of the antibody
response to NA.

Method

Here, we use cryoEM to investigate human polyclonal antibody (pAb) responses to novel epitopes on influenza B
NA (NAB) and determine atomic-level interactions of NAB-reactive monoclonal antibodies (mAbs) after seasonal
influenza vaccination. To determine whether mAbs were representative of the serum response to NAB we used
Electron Microscopy Polyclonal Epitope Mapping (EMPEM) to characterize the diversity of NAB epitopes targeted
by pAbs from the same donor.

Result

EMPEM revealed a minimum of five distinct epitopes targeted by pAbs, two of which correspond to mAbs isolated
from the same donor that bind the active site and loop A. High resolution structures revealed that the active site-
binding mAb-400 has a long CDRH3 loop, characteristic of NA active site binders, with a key glutamate that H-
bonds to three conserved Arginines and a Tyrosine in the NA active site. These NA residues also coordinate the
binding of sialic acid or oseltamivir. mAb-393 interacts with the loop A region, similarly to a recently published N9-
reactive mAb (PDBID:6PZF). Both mAbs utilized previously unseen genes IGHV5-51 and IGKV3-20 (mAb-400)
and IGHV4-39 and IGKV1-5 (mAb-393). Using cryo-EMPEM we determined high resolution structures of pAbs to
reveal epitope paratope interactions and infer amino acid sequences of pAbs to determine antibody sequences
targeting novel epitopes.

Conclusion

Using EMPEM we characterized the comprehensive landscape of NAB epitopes targeted by pAbs from a human
donor after season seasonal vaccination, revealing both known and unknown epitopes. High resolution cryoEM
structures of pAb and mAb from this donor provide insightful details of epitope paratope interactions that will aid
future rational influenza vaccine design.
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Background

The antibody binding site, the paratope, exists as multiple interconverting conformational states in solution.
Antibody antigen recognition as well as various biophysical properties are governed by the dynamic
character/nature of the paratope. Recently, a distinct class of broadly neutralizing antibodies has been reported
that target a discrete membrane-proximal anchor epitope of the haemagglutinin (HA) stalk domain.

Method

The structures of the germline and the matured 3G01 antibody were determined with cryo-EM following a previously
published protocol.

We use state-of-the-art molecular dynamics simulations in combination with enhanced sampling techniques to
capture a broad conformational space and to overcome the limitations of classical molecular dynamics simulations.

Result

Antibodies targeting the anchor epitope, have a highly restricted repertoire, containing two germline-encoded
binding motifs, that are critical for antigen-recognition and for stabilizing the paratope. Here, we structurally and
dynamically investigate an affinity matured and a germline reverted anchor epitope binding antibody 3GO01 utilizing
the variable genes, VH3-30 and VK3-11. We provide cryo-EM structures of both the affinity matured and the
germline reverted anchor epitope binding antibodies in complex with hemagglutinin.

Conclusion

The structures allow us to further understand and characterize the anchor epitope and identify key interactions that
govern antibody-antigen recognition. Additionally, we find a restricted conformational space for the affinity matured

antibody compared to the germline, which does not only reveal a higher flexibility but also shows a different
dominant minimum in solution.
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Background

Few studies have evaluated whether influenza vaccination could attenuate influenza illness. We aimed to assess
vaccine-attenuated influenza among hospitalized individuals in a broad range of vaccine target groups from multiple
South American countries.

Method

Data were analysed from four countries (Argentina, Brazil, Chile, and Paraguay) participating in REVELAC-i, a
multicenter test-negative design vaccine effectiveness network including 41 sentinel hospitals. Among individuals
hospitalized with severe acute respiratory infection, influenza was confirmed by rRT-PCR. Using multivariable
logistic regression weighted by inverse probability of vaccination and adjusted for antiviral use, duration of illness
prior to admission and calendar week, we compared the adjusted odds (aOR) of intensive care unit (ICU) admission
and/or in-hospital death among influenza-positive cases by vaccination status for three target groups: children aged
6-24 months, adults aged 18-64 years with health conditions, and adults aged =65 years.

Result

Between 2013-2019, 2,747 laboratory-confirmed influenza hospitalizations were identified. We observed 24%
earlier discharge among fully vaccinated children and 78% earlier discharge among vaccinated adults with medical
conditions compared to their unvaccinated counterparts. Compared to unvaccinated individuals, partially and fully
vaccinated children had lower odds of ICU admission (aOR 0-64; 95% CI 0-44, 0-92 and aOR 0-52; 95% CI 0-28,
0-98), and vaccinated older adults had lower odds of ICU admission and in-hospital death (aHR 0-46; 95% CI 0-33,
0-64).

Conclusion

Influenza vaccination was associated with illness attenuation among those hospitalized with influenza. These
results can be used for risk communication and to inform global health benefits of vaccination.
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Background

Annual seasonal influenza vaccination is recommended in many locations, especially for individuals at high risk of
developing post-infection complications. However, potential drawbacks of repeated influenza vaccination, including
the attenuation of vaccine immunogenicity and effectiveness have been observed in some influenza seasons. We
aim to investigate this phenomenon using routinely collected primary healthcare data from the Clinical Practice
Research Datalink (CPRD) database in the UK in this retrospective cohort study.

Method

We extracted medical records and demographic information of individuals above 12 years old who received
influenza vaccines at least once between September 1, 2011, and August 31, 2016, and compared the incidence
of general practitioner-diagnosed influenza-like iliness (GP-ILI) and medically-attended acute respiratory illnesses
(MAARY) in individuals who have received influenza vaccines in past influenza seasons with first-time vaccinees
over five influenza seasons from the 2011/12 to 2015/16 influenza seasons. Influenza vaccine effectiveness (VE)
against GP-ILI, MAARI, and two negative outcomes (hip fractures and urinary tract infections) in individuals
vaccinated for the first time in each influenza season were compared with individuals who had also been vaccinated
in the previous five influenza seasons using proportional hazard models. Stratified analyses were performed on
individuals between 12 and 24 years old in clinical risk groups and individuals above 65 years old.

Result

Prior vaccination history and vaccination in the prior and current influenza seasons could be associated with some
reduction in relative VE for some influenza seasons. There were no statistically significant attenuations of relative
VE against GP-ILI for individuals who received influenza vaccination for both the current and prior influenza
seasons compared with first-time vaccinees for all five influenza seasons in this study (2011/12 to 2015/16).
Relative VE against MAARI for individuals above 65 years old who were vaccinated in the current and previous
influenza season were lower compared with first-time vaccinees in the 2011/12 (-8%, 95% confidence interval = -
15%, to -2%, hazard ratio (HR) = 1.08, 1.02 to 1.15), 2012/13 (-8%, 95% CI = -16%, to -2%, HR = 1.08, 1.02 to
1.16) and 2014/15 (-15%, -25% to -67%, HR = 1.15, 1.067 to 1.25) seasons.

Conclusion

Evidence of any attenuation in influenza VE in this study is not strong enough to recommend against annual
influenza vaccination in favor of an alternative interval-based strategy, particularly in high-risk populations.



26 — 29 September 2022
ICC Belfast
UK

Poster Reception Il

- AOXI0492

COVID-19 vaccine effectiveness against symptomatic SARS-CoV-2
infection during Delta-dominant and Omicron-dominant periods in
Japan (FASCINATE study): implications for studies of influenza and
other respiratory viruses

Takeshi Arashiro®®, Yuzo Arima'?, Hirokazu Muraoka? Akihiro Sato’, Kunihiro Oba'’, Yuki Uehara?®, Hiroko Arioka,
Hideki Yanai®, Jin Kuramochi®, Genei lhara®, Kumi Chubachi?, Naoki Yanagisawa'®, Yoshito Nagura®®, Yasuyuki Kato®,
Akihiro Ueda®, Akira Numata*, Hideaki Kato?, Koji Ishii®, Takao Ooki?®, Yusuke Nishida4, Hideaki Oka*, Ashley Stucky??,
Chris Smith'!, Martin Hibberd®, Koya Ariyoshi'!, Motoi Suzuki'?

!Chubachi Internal Respiratory Medicine Clinic, 2CLINIC FOR Tamachi, 3Fukujuji Hospital, “lkebukuro Metropolitan Clinic,
SInternational University of Health and Welfare, ®Japanese Red Cross Medical Center, '’KARADA Internal Medicine Clinic,
8Kuramochi Clinic Interpark, °London School of Hygiene and Tropical Medicine, °Machida Ekimae Naika Clinic, *!Nagasaki
University, ?National Institute of Infectious Diseases, **National Institute of Infectious Diseases; London School of Hygiene and
Tropical Medicine; Nagasaki University, *Saitama Medical Center, *Saitama Sekishinkai Hospital, **Shinjuku Home Clinic,
’Showa General Hospital, $8St. Luke’s International Hospital, *Yanagisawa Clinic, 2°Yokohama City University Hospital

Background

Similar to influenza, SARS-CoV-2 transmission occurs through a complex interplay of public health and social
measures (non-pharmaceutical interventions), high-risk behaviors, past infection, and vaccination. Although
several COVID-19 vaccines initially showed high efficacy, concerns have arisen due to waning immunity and the
emergence of variants with immune escape capacity.

Method

To evaluate the effectiveness of COVID-19 vaccines in the context of waning immunity, variants, and varying public
health and social measures, a prospective test-negative case-control study was conducted in 16 healthcare
facilities in Japan during the Delta-dominant period (August-September 2021) and the Omicron-dominant period
(January-March 2022). Vaccine effectiveness (VE) against symptomatic SARS-CoV-2 infection was calculated for
2 doses for the Delta-dominant period and 2 or 3 doses for the Omicron-dominant period, compared to
unvaccinated individuals.

Result

The analysis included 5795 individuals with 2595 (44.8%) cases. The median age (interquartile range) was 35 (27-
46) years and 1491 (25.7%) had comorbidities. Among vaccinees, 2242 (55.8%) received BNT162b2 and 1624
(40.4%) received mRNA-1273 at manufacturer-recommended intervals. During the Delta-dominant period, VE was
88% (95% CI: 81-93) 14 days-3 months after dose 2 and 86% (95% CI: 37-97) 3-6 months after dose 2. During the
Omicron-dominant period, VE was 56% (95% CI: 37-70) 14 days-3 months since dose 2, 52% (95% CI: 41-62) 3-
6 months after dose 2, 49% (95% CI: 34-60) 6+ months after dose 2, and 74% (95% CI: 61-83) 14+ days after
dose 3. Analysis with additional adjustments for preventive measures, including mask-wearing and high-risk
behaviors (dining at a restaurant/bar at night with alcohol consumption in a group was used as a proxy), yielded
similar estimates: 85-87% vs. 86-88% after 2 doses during the Delta-dominant period, and 51-55% vs. 49-56%
after 2 doses and 77% vs. 74% after 3 doses during the Omicron-dominant period.

Conclusion

In Japan, where most are infection-naive and strict prevention measures are maintained regardless of vaccination
status, two-dose mRNA vaccines provided high protection against symptomatic infection during the Delta-dominant
period and moderate protection during the Omicron-dominant period. Among individuals who received an mRNA
booster dose, VE recovered to a high level. As society and individuals continue to adopt various degrees of public
health and social measures against COVID-19, it would be important to account for these factors in evaluating the
effectiveness of COVID-19 vaccines as well as influenza vaccines.
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Background

Third "booster" doses of COVID-19 vaccines have been shown in vaccine effectiveness (VE) studies to protect
against mild, hospitalized and severe disease. These published/pre-print studies are numerous, heterogeneous
and have been conducted rapidly in populations with varying levels of SARS-CoV-2 immunity. Policy interpretation
of resulting VE estimates is complicated by study choices and uncertain applicability for public health.

Method

We conducted a rapid, systematic literature review to describe reported VE of booster COVID-19 vaccine doses
stratified by vaccine type, comparator population, SARS-CoV-2 variant and outcome, and discussed implications
for COVID-19 vaccination policy. We searched PubMed, medRxiv and other sources for peer-reviewed and preprint
studies on 31 March 2022. Pre-specified data including a subset of non-duplicate VE estimates were extracted.
Data were summarized descriptively including in a forest plot of VE estimates.

Result

A total of 48 eligible studies were captured, many from the United States and Israel. Following exclusions, we
identified 160 VE estimates; 139/160 (87%) described mRNA vaccines, mostly enrolling broad age groups. Half of
estimates described VE against the Delta variant (80 estimates; 50%), around a third (56; 35%) against Omicron
with the remainder including multiple variants. Just over half of studies compared outcomes in boosted populations
vs unvaccinated individuals; the others vs fully vaccinated comparators. Overall, 151/160 (94%) estimates reported
VE point estimates 250% and 111/160 (69%) reported VE 280%. VE appeared higher 1) when the unvaccinated
rather than a fully vaccinated population was used as the comparator; 2) against the Delta variant compared with
Omicron; 3) against hospitalized and fatal endpoints compared with milder endpoints; and 4) for mRNA booster
vaccines compared with other booster vaccine types.

Conclusion

Existing observational data provide evidence that recent booster COVID-19 vaccines offer robust protection against
SARS-CoV-2 infection, hospitalization and severe disease. Study design features including vaccination/infection
history of comparator populations, follow-up time and clinical outcomes enrolled in studies appear deterministic of
VE and should be carefully considered when using these data to develop COVID-19 booster policy.
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Background

SARS-CoV-2 testing programs are recommended for universities and offer the opportunity to monitor COVID-19
vaccine effectiveness (VE) over time and against new variants of concern in relatively young, healthy populations
with near-universal COVID-19 vaccination.

Method

SARS-CoV-2 testing was provided to faculty, staff, and students at a large university in Seattle, Washington, USA.
Symptoms and COVID-19 vaccination were self-reported. Samples were tested for SARS-CoV-2 by qRT-PCR. We
used a test-negative design and logistic regression to estimate VE of primary series and booster vaccination
compared to primary series only against any and symptomatic SARS-CoV-2 infection adjusted for age and week
of testing during Delta (Sept 9-Nov 30, 2021) and Omicron (Jan 8-May 30, 2022) waves. Viral genome sequencing
of a subset of samples was used to define campus Delta and Omicron periods. Within 90-day intervals, we included
the first positive swab from each individual as cases and the first negative swab from each individual without any
positive swabs as test-negative controls. We excluded swabs from individuals with unknown vaccine status at the
time of testing and those who received their last dose within two weeks of testing.

Result

From Sept 9, 2021 to May 30, 2022, we collected 115,426 swabs, of which vaccination status at the time of testing
was current for 86,423 (74.9%) and 5,413 (4.7%) were positive for SARS-CoV-2. Swabs from 19,279 unique
individuals were included in this analysis, including 18,662 from individuals with primary series vaccination only
and 13,562 with primary series and booster vaccination at the time of testing. Median age was 21 and 22 years for
cases and controls, respectively. A greater proportion of cases reported symptoms within +/- 7 days of testing
compared to controls (86% vs. 42%, P<0.001). We did not detect a difference in protection against any or
symptomatic infection for booster and primary series compared to primary series only for Delta (adjusted odds ratio
[OR]=0.59, 95% CI: 0.21-1.67, P=0.3 and 1.39, 0.49-3.95, P=0.5, respectively). During the Omicron wave, booster
and primary series was 34% effective against any infection (adjusted OR=0.66, 0.59-0.72, P<0.001) and 30%
effective against symptomatic infection (adjusted OR=0.70, 0.62, 0.80, P<0.001) compared to primary series.
Conclusion

In a highly vaccinated university population, COVID-19 booster vaccination provided additional protection
compared to primary series vaccination against infection with Omicron, which was similar for any and symptomatic
infection. We were unable to detect a difference against Delta. Campus based testing cohorts can be utilized for
VE studies of influenza vaccines as we anticipate an annual influenza-COVID vaccine.
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Background

Reaching high vaccination coverage is widely regarded as the key for successful control of COVID-19 pandemic
in different countries. Relationship between the acceptance of the novel COVID-19 vaccine and the usual practice
for influenza vaccine remained poorly elucidated; a proper understanding of which will give a better insight
regarding the phenomenon of vaccine hesitancy across different vaccine candidates, and may potentially help to
inform a targeted health promotion approach to facilitate an efficient scalable national-wide COVID-19 vaccination
programme.

Method

A prospective longitudinal cohort of 978 individuals aged 218 was followed-up for a consecutive period of three
years, from 2018 to 2021. Demographics characteristics and medical history were recorded on baseline; influenza
vaccination practice and occurrence of any influenza/ upper respiratory tract infection were ascertain annually.
Their risk perception of COVID-19, intention to receive COVID-19 vaccine and vaccine-related concerns were
examined by a self-administered paper-based survey between 25 August and 9 November 2020, a relative
quiescence period between epidemic waves in Hong Kong before the COVID-19 vaccine was available locally (26
February 2021).

Result

Of 978 individuals in our cohort, 757 participants (77.4%) completed the questionnaire on COVID-19 vaccination
intention and concern. Individuals were classified, according to their influenza vaccination practice in the past two
study years (received in 0/2, 1/2, and 2/2 years respectively), into non-vaccinees (NV) (76.35%), occasional
vaccinees (OV) (13.34%), and habitual vaccinees (HV) (10.30%). Slightly more than half (53.8%) were willing to
receive COVID-19 vaccination, 31.3% were undecided, and remaining 14.0% refused to vaccination. Non-
vaccinees (OR: 0.43, 95% CI: 0.25-0.72), and occasional vaccinees (0.48,0.25-0.89) were associated with
hesitancy to COVID-19 vaccines. Among the HV, higher level of perceived severity (4.90,1.06-24.35) was a
determinant of greater acceptance of COVID-19 vaccines. For NV, perceived worry (1.78,1.07-2.95), perceived
susceptibility (1.70,1.12-2.56), concern on vaccine supply of COVID-19 (3.24,2.04-5.18) were associated with the
intention towards COVID-19 vaccines. Concern on vaccine effectiveness was a common determinant of refusing
COVID-19 vaccine among both NV (0.24,0.10-0.52) and OV (0.21,0.03-0.83).

Conclusion

The practice of influenza vaccination is an independent indicator for COVID-19 vaccine intention, with particularly
higher hesitancy among non-vaccinees and occasional vaccinees. Important determinants among non-vaccinees
include concern on vaccine effectiveness and perceived susceptibility, that may help to inform a high-risk targeted
approach to tackle hesitancy for COVID-19 vaccine.
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Background

Vaccination is the main preventive strategy against influenza. High-risk groups and healthcare workers (HCW) are
often recommended for annual influenza vaccination. However, the impact of repeated annual vaccination on
antibody responses is unclear, with conflicting results reported. The novel A/HLIN1pdmO09 virus emerged in 2009
and was subsequently included in seasonal vaccines until 2016/17, allowing us to investigate the effect on antibody
responses after repeated vaccination against the same virus compared to the other vaccine components (A/H3N2
and B viruses), which were changed between seasons.

Method

HCW (n=250) were vaccinated with the ASO3-adjuvanted pandemic A/H1N1pdmQ9 vaccine in 2009 and
subsequently either vaccinated with the trivalent inactivated seasonal vaccines (TIV) including A/H1IN1pdmO09,
A/H3N2 and B viruses or received no further vaccination between the seasons 2010/11 and 2013/14. We
investigated the hemagglutination-inhibition (HI) antibody responses after each TIV in vaccinated HCW and yearly
in unvaccinated HCW.

Result

High rates of influenza infection by seroconversion were found in HCW who were not vaccinated with seasonal
vaccines between 2010/11 and 2013/14. In vaccinated HCW, the HI antibodies were significantly boosted to above
the protective threshold Hl titres 240 against all 3 vaccine viruses after each TIV. No significant difference in post-
TIV antibody responses was found between HCW who were vaccinated in 2 consecutive seasons and those who
were vaccinated in the current season only. Upon repeated vaccination, the pre-TIV HI titres increased, whereas
the post-TIV antibody fold-induction declined. Updating vaccine viruses between seasons improved the antibody
fold-induction. The duration of antibody half-life increased with repeated vaccination against the same
A/HIN1pdmO09 and A/H3N2 viruses, but not against B viruses.

Conclusion

Regular seasonal vaccination increased the durability of seroprotective antibodies resulting in higher pre-existing
antibodies throughout one season in HCW. Without the boost from seasonal vaccination, antibody titres remained
low and unvaccinated HCW were more likely to be infected with circulating influenza viruses.
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Background

The virus neutralization (VN) assay is a serological technique designed to directly measure functional antibodies
able to neutralize the ability of the virus to enter or replicate in mammalian cells, thus measuring all antibodies
involved in protection. The assay is also recommended for highly pathogenic avian viruses and officially included
in the European Medicine Agency guidelines on influenza vaccines. Moreover, the VN assay becomes a first choice
for some recent H3 strains. Based on the incubation time, there are two main VN forms: the 2-day ELISA based
(short incubation time); and the 3-7 days (long incubation time), in which several read-out methods are published.
The assay is characterized by poor reproducibility, being highly susceptible to high inter and intra-laboratory
variability.

This study aimed at evaluating the inter-laboratory variability using standards and the impact of harmonising the
VN protocol.

Method

Human pre- and post-vaccination sera from individuals (n=30) vaccinated against influenza were tested across
seven laboratories for the short form (SF) assay and 4 laboratories for the long form (LF) assay. We used a design
of experiment method to evaluate the impact of assay parameters on inter-laboratory variability. Statistical and
mathematical approaches were used for data analysis. A consensus protocol has been developed for the LF and
SF assays. Additionally, we tested the performance of a calibrator (standard).

Result

A quantitative comparison between SF and LF assays showed a good correlation for every influenza strain (R
0.8718-0.9419). Comparing to the haemagglutination inhibition (HAI) assay, the SF and LF generated higher titers
for A strains (GMR 5.41-8.95 for SF and GMR 2.44-4.17 for LF). For the B strains, titers are comparable (GMR
0.47-1.43 for SF and GMR 0.42-0.80 for LF), likely due to the use of ether treatment in HAIl assay. The SF and HAI
correlate well, unlike the LF and HAI. The calibrator almost always significantly reduced lab-to-lab variability. The
reduction in between-laboratory variation was most pronounced for the H3N2 egg and cell viruses for both SF and
LF. Of note is that the GMTs for the Yamagata strain were lower than for the other strains.

Conclusion

Overall, the SF and LF of the VN assay are quantitatively different, and direct comparison between titers generated
by the two formats is not feasible. This study demonstrates that normalisation significantly reduces between
laboratory variation, especially for the H3N2 egg and cell strains. In addition, the use of a calibrator has a significant
effect in reducing inter-laboratory variability.
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Background

Influenza is a respiratory disease of high importance for public health, with broader health impacts including
cardiovascular events and the exacerbation of chronic underlying conditions. Each season, extensive
epidemiological surveillance, strain sequencing, and antigenic evaluation in animal models and humans are
conducted to best inform vaccine strain recommendations. These recommendations are included in licensed
seasonal standard of care (SoC) influenza vaccines. Despite these tremendous efforts, vaccine mismatches do
occur, especially for the A/H3N2 subtype. Sanofi is developing a potential broadly protective influenza vaccine,
based on wildtype influenza hemagglutinin (HA) antigens with improved breadth of coverage compared to the SoC,
either in a licensed influenza vaccine platform or in an mRNA-based vaccine. Such a vaccine could also provide
protection beyond flu, that is improved protection against flu complications.

Method

We developed a sequence-based machine learning (ML) model of influenza H3 antigenicity, aimed at predicting
antibody titer in the naive ferret model, hemagglutination inhibition (HAI) and microneutralization assays (mNT) for
a given pair of HA sequences of the antigen and test virus. The model has been trained on the data collected from
the Francis Crick Institute reports since 2003, as well as internal data. The model has successfully reproduced the
major features of H3 antigenicity, including clade-specific responses and antigen versus test strain asymmetry of
immune response in ferrets.

Result

Model predictions have been used to perform several iterations of selections of broadly protective H3 candidate
antigens, followed by recovery of H3N2 viruses in 6:2 PR8 background, and testing the viruses in the naive ferret
infection model. Ferret antisera was then tested against a diverse readout panel of influenza strains in HAI and
mMNT assays, comparing the breadth of coverage to the standard of care strains recommended for licensed
influenza vaccines. These experiments demonstrate that, in the ferret model, there exist wildtype influenza strains
contemporaneous with the SoC yet offering higher antibody titers against a larger set of strains compared to the
SoC.

Conclusion

Influenza H3NZ2 strains with improved breadth can be identified through a combination of predictive ML modeling
with screening in an animal model. Modeling of immune response of selected antigen candidates against large
sets of historically observed circulating strains suggests improved antigenic coverage compared to the SoC strains
and a potentially improved method of vaccine strain selection using ML, which could contribute to improvement in
vaccine effectiveness.

(Study funded by Sanofi)
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Background

Serum antibody response is considered to be a correlate of vaccine-induced protection for inactivated influenza
vaccines (IIV).

The level of antibody response is often measured three to four weeks post vaccine administration. However, the
mass vaccination campaign may take place 3 to 6 months before the peak of the seasonal epidemic. Thus, the
duration of antibody response is of concern to ensure protection of population against influenza.

Method

We performed the single-center open-label observational study of the antibody response during one year after
immunization with seasonal IIV. Study included 99 healthy individuals = 18 years old (51 years median age).
Participants were vaccinated with trivalent split influenza vaccine, or subunit influenza vaccine with synthetic
polymer adjuvant.

Antibody titers to individual vaccine viral strains were assessed in serum samples obtained before vaccination, 7-
and 21-days after, and 3-, 6- and 12-months post vaccination using hemagglutination inhibition (HI),
microneutralization (MNA) and avidity test (AV).

Result

Seroconversion of virus-specific antibodies has already been observed from Day 7 post vaccination for the majority
of responders. The decline of HI and MNA antibody geometric mean titer (GMT) started 3 months post vaccination,
and near 2-fold decrease was observed 6 months post vaccination. The proportion of individuals with antibody
titers = 40 peaked on Day 21 and was still higher a year after than before vaccination.

The strong negative correlation was observed between pre-vaccination antibody titer and post-vaccination antibody
response. However, the response to the vaccine component B/Victoria was weaker than to HIN1pdmQ9, despite
that before vaccination there were fewer volunteers seropositive to B/Victoria.

The antibody avidity index substantially decreased on Day 7 and restored by Day 21 post vaccination for the
majority of participants probably reflecting the early recall of memory B-cells followed by de-novo antibody
generation.

Conclusion

The peculiarities and duration of antibody immune response to influenza vaccine strains should be considered
when planning vaccination campaign.
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Background

The hemagglutination inhibition antibody titer (HAI titer) is an established correlate of protection for inactivated
seasonal and pandemic influenza vaccines. Increased levels of post-vaccination HAI titer have long been
associated with increased protection against influenza infection and severe disease but the causal contribution of
HAI titers to the protective effect of influenza vaccination had not been quantified. We estimated the proportion of
influenza VE mediated by HAI titer against laboratory-confirmed influenza A(H1N1), A(H3N2), and B/Victoria
infections using data collected in an international randomized-controlled clinical trial of a quadrivalent inactivated
influenza vaccine in children.

Method

We analyzed data collected for a phase 3 randomised controlled trial conducted in 8 countries in Asia, the South
Americas, and the Caribbean between the years 2010 and 2011. In the trial, children between 3 and 8 years old
were randomized to receive either an inactivated seasonal quadrivalent influenza vaccine candidate or an active-
comparator hepatitis A vaccine and followed up for at least 6 months to identify laboratory-confirmed influenza
infections. Causal mediation analysis was performed to identify the causal contribution of post-vaccination HAI
titers to vaccine-conferred protection against symptomatic, laboratory-confirmed influenza A(H1IN1), A(H3N2), and
B/Victoria infections.

Result

We included 5,067 children from the randomized trial in this analysis. Vaccine effectiveness against laboratory-
confirmed A(H1N1), A(H3N2), and B/Victoria infections were 58% (95% CI = 26%, 76%), 60% (95% CI = 33%,
76%), and 45% (95% CI: 13%, 66%) respectively. B/Yamagata cases were excluded from further analyses due to
low case numbers in this cohort. The proportion of vaccine efficacy mediated by post-vaccination HAI titers against
influenza A(H1N1), influenza A(H3N2), and influenza B/Victoria are 30% (95% CI = 33%, 48%), 20% (95% CI =
16%, 39%), and 37% (95%CI = 26%, 85%) respectively.

Conclusion

Post-vaccination HAI titers following vaccination with inactivated influenza vaccines only partially mediate vaccine-
induced protection against symptomatic laboratory-confirmed influenza infections. This suggests that other
correlates of protection such as the neuraminidase-inhibition antibody titer and markers of cellular immunity might
also contribute to vaccine-induced protection. Seasonal influenza vaccines can be improved by including antigens
or components that can target these components.
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Background

Household transmission of SARS-CoV-2 is a significant concern. We followed US individuals with known household
exposure and assessed infection by SARS-CoV-2 variant and vaccination status.

Method

Households with an individual who tested positive for SARS-CoV-2 at 7 US academic medical centers between
Sep. 2021 and May 2022 were screened and enrolled if symptom onset in the index case (or test date, if
asymptomatic) was within the prior 6 days. Household contacts and the index case were prospectively followed for
10 days, and daily self-collected nasal swabs were tested by transcription mediated amplification for SARS-CoV-
2. Vaccination status was based on number of doses (any manufacturer) recorded via plausible self-report, vaccine
cards, registries, or medical records. Vaccination effects were reported as adjusted incidence rate ratios (alRR)
and 95% confidence intervals (CI) from Poisson regression accounting for household size and clustering. This
study is ongoing, and results will be stratified by vaccination of the household's primary case as sample size
increases.

Result

Among 197 contacts (98 households), the median age was 33 years (IQR: 12, 46 years; 5% <5 years), 51% were
female, 72% non-Hispanic White, and 72% had 22 doses of a COVID-19 vaccine by enrollment (median time since
last dose: 114; IQR: 64, 189] days). 128 contacts were exposed to an index case who had received =2 doses of a
vaccine, and 69 to an index case who had received 0-1 dose. Sixty-six percent of contacts were infected (with
onset a median of 4, IQR: 2, 5 days after index onset); fewer in households enrolled while Delta was the dominant
variant (before Dec. 21 2021, 51% infected) compared with households enrolled after Omicron became dominant
(70% infected). Among contacts 12 years or older enrolled during the Omicron period with no prior COVID-19
infection, 12 of 17 contacts with 0-1 vaccine doses were infected, compared to 23 of 35 contacts who had received
2 doses (alRR 0.92, CI 0.6-1.4) and 35 of 64 contacts who had received 3+ doses (alRR 0.74, Cl 0.5-1.1).

Conclusion

Household transmission of SARS-CoV-2 was high, particularly when the Omicron variant predominated. Three or
more doses of a COVID-19 vaccine may reduce the risk of infection in household contacts.
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Background

Since the emergence of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), several variants
have been a serious global health crisis of the 21st century resulting in high numbers of morbidity and mortality.
Despite the development and deployment of highly effective antibody and vaccine countermeasures, still, SARS-
CoV-2 continuously evolves generating new variants that spread rapidly. During the series of recent outbreaks, the
need for therapeutics has become apparent. To overcome these hurdles, multi-targeted and broader spectrum
antiviral agents are needed. Herein, we conducted a multi-step screening strategy to identify potential edible plant
candidates with anti-SARS-CoV-2 properties and to evaluate synergistic antiviral effects between specific
combinations of active constituents.

Method

First, chromatography-based screening analysis identified four bioactive compounds. We have measured the
antiviral properties of identified compounds by in vitro and in vivo systems using Vero cell lines or animal models
with adapted golden Syrian hamsters and hACE2 transgenic (TG) mice. Additionally, we monitored the induction
level of proinflammatory cytokines and chemokine using BALF of SARS-CoV-2-infected hACE2 TG mice.

Result

s showed that phytochemicals extracted from Chlorella spp. and Psidium guajava possess broad-spectrum antiviral
activity against a range of SARS-CoV-2 variants. Further, oral treatment of these compounds attenuates virus
replication in Syrian hamsters and protects hACE2 TG mice from lethal challenges with Alpha, Beta and Omicron
variants along with the parental strain. Moreover, treatment with these compounds significantly attenuates SARS-
CoV-2-induced proinflammatory responses

Conclusion
Taken together, we identified plant-derived bioactive compounds possessing antiviral properties against a broad
range of SARS-CoV-2 strains and variants. Thus, our data provide evidence that phytochemicals from edible plants

can be an ideal candidate in tackling the broad spectrum of SARS-CoV-2 strains and variants for both therapeutic
and prophylactics purposes.
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Background

SARS-CoV-2 infections and COVID-19 prevalence dropped drastically in humans after the first mRNA vaccine
shot, even before strong neutralizing antibody responses were induced. We wanted to address the question of
what drives protection in the absence of detectable neutralizing antibodies at the moment of infection.

Method

Syrian Golden Hamsters were vaccinated once with a suboptimal dose of Pfizer/BioNTech COVID-19 mRNA
vaccine (5ug/animal). Four weeks post vaccination, animals were challenged with different variants of SARS-CoV-
2.

Result

Although vaccination resulted in detectable antibody ELISA titers against the ancestral SARS-CoV-2 spike protein,
antibody titers were too low for efficient neutralization of the antigenically matching USA-WA1/2020 or variants of
concern (Alpha, Beta, Delta and Mu). Despite absence of virus-neutralizing antibodies, vaccination resulted in
reduced morbidity for USA-WA1/2020 and Alpha-challenged animals and complete control of lung virus titers for
USA-WA1/2020, Alpha and Delta but with breakthrough infection for Beta and Mu. T cell responses measured in
the spleen were higher in vaccinated animals compared to unvaccinated animals at 5 days post infection,
suggesting vaccination was able to efficiently prime T cell responses that were recalled during infection. Infection
with different SARS-CoV-2 variants also back-boosted neutralizing antibody responses against challenge virus and
in the case of the variants of concern, against antigenically distant but vaccine-matched ancestral USA-WA1/2020.
Transcriptomic analysis of host immune responses to infection reflects both vaccination status and disease course,
is further compared with lung pathology data and suggests a role for interstitial lung macrophages in vaccine-
mediated protection.

Conclusion

We show that suboptimal vaccination protects against SARS-CoV-2 challenge with different variants of concern,
using the hamster SARS-CoV-2 vaccination and challenge model. This protection correlates with recall of vaccine-
induced B and T cell responses during virus infection in the absence of neutralizing antibody titers.
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Background

The constant evolution of these viruses still put pressure on health services and harm the world economy. However,
protocols faster than sequencing can help surveillance systems recognize these new variants in a shorter time and
more cost-effectively. In Brazil, the variants circulating over 2020-2022 were Gama (P.1), Delta (AY.99.2, AY.101
and AY.*+B.1.617.2) and Omicron (BA.1, BA.2, BA.4, BA.5) (FIOCRUZ, 2022). Although sequencing the SARS-
CoV2 genome is the best way to identify the different variants of the virus, it is a high cost methodology and requires
qualified personnel, which makes implementation difficult.

Method

Therefore, as an alternative form of surveillance, our group, in collaboration with the Institute of Technology in
Immunobiologicals/Bio-Manguinhos and the Brazilian Health Ministry developed a multiplex assay for detection of
Variants of Concern (VOC). The 4Plex SARS-CoV2 RT-PCR kit allows screening samples for detection of different
VOCs: Alfa, Beta, Gama, Delta and Omicron. All data is available in the GISAID database and uploaded to
http://www.genomahcov.fiocruz.br/dashboard-en/. This inference was possible because Delta VOC has no
mutation in the considered regions whereas BA.1 has in both regions and BA.2 has only in one region.

Result

23230 tests were carried out in 21 federative units between December 2021 and April 2022, AC (n = 534), AM (n
=730), AP (n = 1,192), BA (n = 1,121), CE (n = 6,985 data from HEMOCE and FIOCRUZ-CE), DF (n = 744), MA
(n=3,392), MG (n =999), MS (n = 474), PA (n = 426), PB (n = 408), Pl (n = 220), RJ (n =923), RN (n = 231), RO
(n=508), RR (n =522), RS (n = 2,046), SC (n = 492), SE (n =29), SP (n = 467) and TO (n = 654). The application
of these tests has demonstrated its relevance, as it increases the agility and reduced cost for monitoring the
advancement of Omicron sublines such as BA.2, which currently dominates the epidemiological scenario in
Brazilian territory. The use of these protocols reinforces their importance with an increase in the frequency of
sublines BA.4 and BA.5, since they allow surveillance of the processes of competition and substitution between
these different variants.

Conclusion

We demonstrated that the inference strategy based on the kit's ability to screen samples and detect variants and
intravariants, allow the characterization of VOCs circulating in regions with limited resources. The implementation
of this strategy in Brazilian health centers will give more efficiency in the detection and characterization of VOCs,
in addition to supporting faster decision-making, contributing to the mitigation and reduction of the impact of the
COVID-19 Pandemic.
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novel mucosal adjuvant protects mice and ferrets against SARS-
CoV-2 challenge

JEIHYUN JEONG!
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Background

Despite the remarkable success of currently commercialized COVID-19 Vaccines, there are several opportunities
for continued vaccine development against COVID-19. The respiratory organ serves as a primary target site for
SARS-CoV-2. Thus, the Immune responses of the respiratory tract is significant in controlling SARS-CoV-2
infection. Notably, currently approved vaccines are administered by intramuscular injection, resulting in robust
systemic yet uncertain mucosal immunity. In contrast, intranasal administration has a great potential to elicit both
systemic and local responses with the ease of vaccination, including the production of IgA in the respiratory tract.
In this Study, we show that recombinant RBD-S1 chimeric antigen admixing with novel mucosal adjuvant ECLS,
enhances the humoral and cellular immune responses and protects against SARS-CoV-2 challenge in mice and
ferrets models.

Method

His-tagged RBD-S1 chimeric antigen expressed in the human embryonic kidney 293 cells was provided from
BIONOTE, Inc. ECLS mucosal adjuvant, which is known to enhance the immune response by activating various
immune cells, was purchased from Eubiologics, Inc., employed as an adjuvant. K18-hACE2 transgenic mice and
ferrets were vaccinated twice with ECLS subunit vaccine via various routes. The systemic humoral and cellular
responses and the anti-SARS-CoV-2 responses were monitored. Furthermore, we challenged the vaccinated mice
and ferrets with SARS-CoV-2 variants, and observed protective immunity against COVID-19 infection.

Result

All mice and ferrets vaccinated with ECLS subunit vaccine produced strong humoral and cellular immune
responses after the second immunization. Neutralization titers did not show statistically significant differences
between the routes of immunization. Both immunization evoked significantly greater antigen-specific T-cell
responses compared to unimmunized control groups. After a challenge with SARS-CoV-2 in mice and ferrets, the
ECLS subunit vaccination resulted in a drastic reduction in viral load in the lungs and nasal washes and improved
survival rates compared to the control in mice experiments.

Conclusion

ECLS adjuvants demonstrated an enhanced response in the intranasal vaccine route. Moreover, the findings of
the study proved the efficiency of an intranasally mucosal immunization strategy, which can be less painful and
more effective in enhancing the respiratory tract immunity against respiratory infectious diseases. This study
demonstrates that ECLS subunit mucosal vaccines are an effective recombinant protein vaccine candidate against
SARS-CoV-2.
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Background

The antibodies induced by vaccination and natural infection interfere with influenza virus replication through
multiple mechanisms. These include directly blocking virus entry, inhibiting virus release, and eliciting Fc-mediated
effector functions. However, our understanding of how these specific mechanisms separately contribute to the
overall potency of an antibody remains incomplete. In particular, methods to quantify antibody inhibition of virus
assembly and release are lacking. Motivated by this need, we investigated how antibodies specific to a range of
antigenic sites on the IAV surface proteins contribute to protection by specifically inhibiting virus assembly and
release.

Method

We infect MDCK cells with IAV at MOl ~1 and treat them with monoclonal antibodies (mAbs) at varying
concentrations, starting at two hours post infection. At 8 hours post-infection, we collect, label, and immobilize
viruses onto coverslips for imaging and quantification [Fig 1A].

Result

We find that both HA- and NA- specific mAbs targeting a range of antigenic sites significantly decrease the number
of viruses released during a single replication cycle [Fig 1B&C]. The extent of inhibition is not significantly affected
by virus morphology and persists in the presence in exogeneous sialidase, suggesting that it is not due to inhibition
of NA activity [Fig 1C]. All mAbs tested show an ability to inhibit virus release, and for a subset of mAbs this potency
is similar to their potency in inhibiting virus entry. Using fluorescence recovery after photobleaching, we find that
the stem-binding IgG mAb CR9114 crosslinks cell surface HAs while its Fab fragment does not, suggesting a
possible mechanism for inhibition of virus release. Consistent with this model, a monovalent CR9114 IgG shows
reduced inhibition but retains some potency at higher concentrations. Additional inhibition mechanisms likely exist.

Conclusion

These results demonstrate that antibody inhibition of virus release is a general feature of antibodies targeting a
range of antigenic sites on the 1AV surface proteins. Dissecting specific mechanisms through which antibodies
inhibit virus release could enhance the development of improved antibody therapeutics.
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H1N1 or H3N2 Influenza Virus Infections
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Background

Influenza virus infection can induce broad and long-lasting immunity. Current seasonal influenza vaccines fail to
elicit similar responses. As influenza virus hemagglutinin (HA) is the prime target of neutralizing antibodies,
understanding how antibody response against HA differs in infection and vaccination may inform how to design
better vaccines that can replicate certain aspects of the immunity elicited by infection. Using negative stain (ns)
electron microscopy polyclonal epitope mapping (EMPEM) we mapped the 1gG antibody response against H1 or
H3 HAs from vaccinated or infected human patient cohorts.

Method

In the 2018-2019 influenza season, sera were collected from seven patients with confirmed influenza virus
infections. Sequencing confirmed that four were infected with HIN1 and the remaining 3 with H3N2. For each
patient, 1IgG was isolated from 1 mL serum and digested to Fab. Fab was complexed with H1 HA
(A/Michigan/45/2015) or H3 HA (A/Singapore/INFIMH-16-0019/2016), purified, and imaged with nsEM. Data was
processed using Relion 3.0. Ten week 0 and week 2 serum samples from individuals who received the 2018-2019
Flucelvax quadrivalent vaccine were processed and similarly analyzed.

Result

Unvaccinated H1N1-infected patients presented robust responses against the H1 HA stem epitope as well as less
ubiquitous head, esterase, anchor, and trimer interface responses. A vaccinated 73-year-old H1N1 patient
presented a particularly diverse stem response and a 39-year-old active cancer patient presented only a stem
response. All HIN1-infected patients also presented stem responses and 3 of 4 presented head responses against
H3 HA. In contrast, H3N2-infected patients' antibodies targeted a much lower diversity of epitopes in both H3 and
H1 HA: head, stem, and in some cases trimer interface. Epitope mapping of the vaccine cohort at week 0 found
that all participants had pre-existing 1gG antibodies against the head and stem epitopes of H1 HA and H3 HA
(A/North Carolina/36/2016) and that by week 2 vaccination had not induced 1gG responses against additional
epitopes in most participants.

Conclusion

Both the vaccine cohort and infection cohorts had pre-existing 1gG antibodies that targeted highly conserved
regions in both H1 and H3 HA, including the HA stem, membrane anchor, and trimer interface, which are key
targets in universal influenza vaccine design. As vaccination did not appear to elicit responses against new
epitopes, serological analysis and high-resolution cryo-electron microscopy will be used to investigate if and how
vaccination elicits new antibodies against shared epitopes and how this progression compares to responses elicited
by infection.
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Influenza Vaccine (lIV) and Live-Attenuated Influenza Vaccine (LAIV)
among School Children in Hong Kong: A three-year longitudinal
study
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Background

The Hong Kong (HK) government has launched a school-based vaccination (SBIV) program since 2018/19
influenza season, offering two vaccine candidates, 11V and LAIV, to eligible students. Both vaccine candidates
generally have comparable effectiveness, so their respective side effects (S/E) become an essential factor for
parental consideration. However, a detailed understanding of the comparative S/E of IV and LAIV and the potential
variability of S/E over different influenza seasons remains poorly investigated. We reported a comparison of the
S/E of LAIV and IIV and consistency over consecutive three years among vaccinated school children.

Method

From 2019/20 to 2021/22, 15335 children from 49 schools were consented and vaccinated by the SBIV program
provided by our outreach vaccination team as a service provider under the Vaccine Subsidy Scheme of the (HK)
government. 38% and 62% had received IIV and LAIV, respectively. A questionnaire on S/E was completed daily
by parents for four consecutive days since the day of vaccination (Day O to Day 3). 15 common S/E symptoms
were covered, each with a severity scale ranging from 0 (no symptom) to 3 (severe symptom disturbing the activity
of daily living). The difference in the proportion of children with S/E, severity of S/E, and temporal pattern of S/E
between the two vaccines was examined using Fisher's exact test. A p < 0.05 was considered statistically
significant.

Result

The proportion of children reporting any S/E over the four days was comparable and statistically non-significant
between the LAIV and 11V groups over the three years. Children receiving LAIV were more likely to report severe
or moderate S/E (severity score 2 or 3) than those receiving 1IV. A trend persisted over three years but only attained
statistical significance in 2021/22 (OR 1.56, 95% CI 1.20-2.02). There was a different temporal pattern of S/E
occurrence and severity of the two vaccines, consistent over the three years. Compared with the 11V group, the
proportion of children reporting any S/E was significantly lower in the LAIV group on day 0 (OR 0.3-0.45, p <0.001
for all 3 years) but significantly lower on Day 2 and 3 (OR 2.24-4.85, p <0.001 for all 3 years). The severity of S/E
was reflected by either the proportion of children having S/E with score =22 or the mean total daily symptom score.
Both followed a broadly similar pattern.

Conclusion

The S/E profiles are generally comparable between 11V and LAIV, and the trends are similar over three years. LAIV
was noted to have more severe S/E than IV and symptoms were generally delayed, concentrated mainly on the
second-and third-day post-vaccination. In contrast, side effects of 11V appeared mainly on the day of vaccination.
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Background

Studies suggest that influenza vaccine immunogenicity decreases with repeated annual administration, especially
against influenza A(H3N2) virus. We examined the breadth of serum antibody responses to influenza vaccination
among healthcare workers (HCWSs) by prior vaccination history.

Method

Samples were from two cohorts of HCWs followed for three influenza seasons in Israel (2016-2017 to 2018-2019)
and Peru (2016 to 2018). These were selected to obtain similar numbers, and age and sex distribution, of HCWs
who had been vaccinated during two or less of the past 5 years (infrequently vaccinated) or all of the past 5 years
(frequently vaccinated). Pre-vaccination, 21-28 days and 7 months post-vaccination sera were assessed by
haemagglutination inhibition (HI) assay against a panel of 35 influenza A(H3N2) viruses that circulated from 1968
to 2019. Responses to the vaccine viruses were assessed, as well as the breadth of the responses across all 35
viruses. Breadth was quantified as the average fold-rise against the viruses that circulated each year after that
individual was born (landscape fold-rise). Landscapes were compared between frequently and infrequently
vaccinated HCW.

Result

A total of 357 HCWs were assessed. Among them, 157 were infrequently vaccinated and 180 were frequently
vaccinated. Across the three seasons and two countries, post-vaccination vaccine strain titres were higher for
infrequently (GMT=222; 95% CI 184-269) compared to frequently vaccinated HCWs (GMT=135; 95% CIl 116-158).
The corresponding post-to-pre-vaccination fold-rise was 5.83-fold (95% CI 5.76, 7.13) for infrequently vaccinated
HCWs versus 2.10-fold (95% CI 1.87, 2.37) for frequently vaccinated HCWSs. Similar trends were seen for titres
against cell-grown equivalents of vaccine viruses, with GMTs exceeding 80 for the infrequently vaccinated group
only. Vaccination induced mean fold titre rise exceeded two against strains dating back to 2007 among the
infrequently vaccinated. Accordingly, the mean fold rise across the landscape of viruses spanning 2007-2019 was
3.69 (95% CI 3.18, 4.29) for the infrequently vaccinated compared with 1.69 (95% CI 1.55, 1.83) for the frequently
vaccinated. Similar findings were observed when data were separated by location and season.

Conclusion

This study of influenza vaccination across three different years and two geographical locations found that vaccine
immunogenicity was consistently and substantially compromised among the frequently vaccinated HCWSs, not only
for the vaccine viruses, but also for previously-circulating viruses. Better vaccines and vaccination strategies may
be needed to optimize immunogenicity for populations that are annually or regularly vaccinated.
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Background

Despite substantial effort, the effectiveness of influenza vaccines remains suboptimal. Engineering an antigenic
matched, high-yield vaccine seed strain in a timely manner is critical to the success of influenza vaccination.

Method

Here, by targeting the hemagglutinin receptor-binding site of the poor growth A/California/04/09(H1N1), we
generated a pool of 189 mutants with diverse growth and glycan receptor binding properties. Through machine
learning, we are reporting a set of high-yield signatures to improve virus growth in both embryonated chicken eggs
and MDCK cells without changing their antigenicity, and changes at these residues diversify virus binding to
different sialylated glycan receptors. Based on these features, a genomic sequence-based machine learning model
was developed and applied in selecting influenza vaccine strain from 2009 H1N1 viruses with unique HA
sequences (n = 11,424) for the 2009-2020 influenza seasons.

Result

Compared to sporadic viruses in earlier influenza seasons, the proportion of high-yield 2009 H1N1 viruses
significantly increased in the years of 2019 (11.65%) and 2020 (43.13%), and such a phenotypic trait appears to
emerge randomly and are distributed across multiple genetic lineages and geographic orders. Four vaccine
candidates (2016-2020) selected by the model were synthesized and validated to antigenically match vaccine
strains and with high growth properties in both cells and eggs.

Conclusion

The computational model from this study can be used to select high-yield influenza antigenic variants based on
genomic sequences.



26 — 29 September 2022
ICC Belfast
UK

Poster Reception Il

- AOXI0656

Influenza vaccine responses to A(HLN1)pdmO09 antigens in 2020 and
2021 among repeatedly vaccinated healthcare workers

Annette Fox®, Arseniy Khvorov?, Yeu-Yang Tseng?, Louise Carolan®, Stephany Sanchez? A. Jessica Hadiprodjo?, Chris
Blyth®, Allen Cheng?, Julia Clark® Kristine Macartney’, Helen Marshall'®, Peter Wark® Kanta Subbarao® Adam
Kucharski4, Sheena Sullivan®

Alfred Health and Monash University, Melbourne, Australia, 2Department of Infectious Diseases, University of Melbourne,
Australia, 3John Hunter Hospital and University of Newcastle, Newcastle, Australia, “London School of Hygiene and Tropical
Medicine, *Queensland Children’s Hospital and University of Queensland, Brisbane, Australia, 6Telethon Kids Institute, Perth,
Australia, “The Children’s Hospital at Westmead; Sydney Children’s Hospital Network, Sydney, Australia, 8WHO Collaborating
Centre for Reference and Research on Influenza, Melbourne, Australia, *"WHO Collaborating Centre for Reference and Research
on Influenza, Melbourne, Australia; Department of Infectious Diseases, University of Melbourne, Australia, *°Women and
Children’s Hospital and University of Adelaide, Adelaide, Australia

Background

Repeated administration of influenza vaccines appears to incrementally attenuate immunogenicity and
effectiveness, especially when successive vaccines are antigenically similar. Although these effects appear to be
worse for A(H3N2), they are also observed for A(HLN1)pdmQ9, which has shown increasing antigenic diversity in
recent years.

Method

A cohort of Australian health care workers (HCWSs) was followed for post-vaccination antibody responses across
two years during which influenza did not circulate (2020-2021). Vaccine administered in 2020 contained an
A/Brisbane/02/2018-like HIN1 antigen, while in 2021 an antigenically distinct A/Victoria/2570/2019-like antigen
was included. Pre-vaccination, 14 days and 7 months post-vaccination sera were assessed in haemagglutination
inhibition (HI) assay against influenza A(H1LN1)pdmQ9 vaccine viruses from the corresponding years to assess
pre/post vaccination antibody titres. Differences in titre were compared by prior vaccination history.

Result

A total of 1384 HCWs contributed sera in the two years. Among them, 96 were previously unvaccinated (vaccinated
in 0/5 prior years) and 778 were frequently vaccinated (25/5 prior years). While frequent vaccination attenuated
titres and titre rises in both years, the effect was substantially diminished in 2021. Notably, only 16% of frequently
vaccinated versus 80% of previously unvaccinated HCWs seroconverted in 2020 versus 80% and 86%,
respectively in 2021.

Discussion: The 2021 vaccine strain differed from all prior HLIN1pdmO09 vaccines at HA positions N129D, K130N
and N156K, which are within prominent antigenic sites. Additionally, only the 2021 vaccine strain had 185I, which
was present in seasonal HIN1s. We are currently investigating whether these substitutions facilitated a stronger
or more specific immune response through mechanisms such as escape from memory dominance or recall of
memory against prior seasonal strains. Sera are being titrated against viruses from the alternate year, and against
reverse genetics viruses bearing single substitutions. PBMC's are being assessed to compare the frequency and
phenotype of H1 HA reactive B cells induced.

Conclusion

The H1N1 vaccine antigen used in 2021 induced substantially greater antibody responses than the 2020 antigen,
particularly among frequently vaccinated HCW. Investigations are underway to understand how antigenic changes
in the 2021 antigen may have enhanced immunogenicity.
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Background

Influenza results in high morbidity, disability, and mortality burdens worldwide. Influenza vaccination is the preferred
and most cost-effective intervention tool currently available to prevent influenza virus infection and disease.
Licensed influenza vaccines include inactivated whole or split viruses, live attenuated vaccines, and recombinant
viral subunit vaccines. These vaccines can reduce influenza incidence, and associated disease severity and
mortality, yet their effectiveness remains moderate, especially for the elderly and individuals with co-morbidities.
Thus, there is a clear need for more efficacious, rapidly producible Influenza vaccine with high surge capacity to
combat the seasonal changes of the virus and facilitate pandemic preparedness. To address this unmet need,
Mynvax Private Limited has developed Mynflu001, a novel, recombinant, HA based tetravalent vaccine which is
now ready for human clinical trials.

Method

Four novel, recombinant HA constructs engineered for enhanced expression, based on 2021-22 NH
recommendations by WHO were expressed, purified from insect (SF9) cells and characterized. Purified antigens
were mixed with equal volumes of Sepivac® adjuvant and immunogenicity and protection studies were carried out
in mice and ferrets. Influvac (IVV) from Abbott laboratories was used as a comparator. Mynflu001 was also tested
for immunogenicity in hamsters and guinea pigs and for repeat-dose safety-toxicity assessment rats.

Result

SF9 expression and purification was optimized with yields of around 20mg/L at the 10L bioreactor scale. Individual
antigens were purified to >90% purity. Far UV CD and Fluorescence spectroscopy showed a native folded
conformation for all antigens, which exist as oligomers as found by SEC/ Western Blot. Purified antigens bind to
conformation specific monoclonal antibodies. Challenge studies confirmed protection with MynfluO01 to be superior
to Influvac for H3 and B heterologous challenge in mice with lower mortality and morbidity. Sera from mice,
hamsters and guinea pigs immunized with Mynflu001 also showed significantly higher Hl titers than corresponding
sera elicited with Influvac at equivalent doses. MynfluOO1 immunized groups showed no weight loss upon H3N2
virus challenge in Ferrets. The 28-day repeat dose safety-toxicity in rats showed no difference between adjuvant
and test groups in body weight or biochemical/ clinical observations.

Conclusion

Mynflu001, a novel recombinant HA based tetravalent vaccine candidate conferred protection upon heterologous
virus challenge in multiple animal species and was found to be safe in GLP safety toxicity studies in rodents. Clinical
development of Mynflu001 is underway.
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Background

The unpredictable variability in Influenza vaccine effectiveness every year is a key driver for efforts to develop more
broadly protective influenza vaccines. We developed machine-learning (ML) based models to select wild-type
influenza vaccine strains with potential for broader cross-reactivity to circulating strains. In this proof-of-concept
randomized controlled trial, we assessed different H3 recombinant antigens which were selected from circulating
strains using different ML algorithms which predicted greater antigenic coverage

Method

We conducted a Phase |, randomized, open label, controlled, multi-center study conducted in 150 healthy adult
subjects 18 to 30 years of age in the US to assess the safety and immunogenicity of 4 different formulations of
quadrivalent recombinant influenza vaccine. Each of the four formulations contained different H3 antigens, selected
by ML-algorithms, compared to the quadrivalent RIV containing WHO recommended H3 antigen for the 2018-2019
NH region (A/Singapore from 3C.2a clade). All 4 quadrivalent RIV formulations and the control vaccine contained
the same influenza A/H1N1, B/Yamagata, and B/Victoria antigens, per WHO recommendation for the 2019-2020
NH influenza season. Only the H3 antigens were different in each group. Serum samples collected at Day 0 and
28 days after vaccination were assessed against a broad panel of H3 strains from both the 3C.3a and 3C.2a clade
by Haemagglutination-inhibition assay, neutralization assay and a multiplex ELISA assay.

Result

We observed higher HAI titers in Group 1 containing A/Osorno and Group 2 containing A/Kenya compared to the
control group against H3 strains from both the 3C.2a and 3C.3a clades. In the NT assay, Group 2 showed this
increase across all 10 strains in the readout panel including the WHO-recommended H3 strain (A/Singapore) while
Group 1 showed this increase in 7/10 strains including 3C2a and 3C.3a clades. Seroconversion rates to 6/6 strains
in the HAI assay were higher in Group 1 and Group 2 compared to WHO-recommended H3 strain containing
vaccine. Cross-clade cross-reactivity higher than the control was observed for 2 of the 4 Machine-Learning selected
H3 antigens. No safety concerns were observed in the trial.

Conclusion

Alternative H3 selection strategy identified wild-type circulating H3 strains which can induce broader immune
responses, cross-clade antibody responses and higher immunogenicity. This trial provides clinical proof-of-concept
for the ability to induce cross-clade immunity using machine-learning selections and provides proof-of-concept for
an alternative strategy for influenza strain selection to develop improved seasonal influenza vaccines.



26 — 29 September 2022
ICC Belfast
UK

Poster Reception Il

- AOXI0642

Egg adaptations and vaccine immunogencity: beneficial effect of
maintaining glycosylation while allowing other egg-adaptive
changes

A. Jessica Hadiprodjo?, Yeu-Yang Tseng?, Louise Carolan? Harry Stannard?, Paul Whitney?, James Barnes?, lan Barr?,
Kanta Subbarao?, Edin Mifsud?, Annette Fox®

!Department of Infectious Diseases, University of Melbourne, Australia, 2WHO Collaborating Centre for Reference and Research
on Influenza, Melbourne, Australia, 3WHO Collaborating Centre for Reference and Research on Influenza, Melbourne, Australia;
Department of Infectious Diseases, University of Melbourne, Australia

Background

A(H3NZ2) viruses that emerged during 2014 have a T160K substitution within hemagglutinin (HA), which results in
N158 glycosylation, shielding immuno-dominant site B from antibodies. This substitution reverts to K160T when
viruses are grown in eggs. A(H3N2) viruses also adapt to grow in eggs by substituting G186V or L194P. Studies
with older viruses show that G186V has less antigenic effect than L194P, so is preferred for vaccine strains. In this
study, we investigate how these substitutions affect the antigenicity of A/Hong Kong/4801/2014 (HK14).

Method

Four ferrets each were inoculated with reverse genetics (RG) viruses containing egg-grown HK14 HA with either
G186V or L194P substitution, with and without substitution of T1L60K. The inoculation dose was standardized to
10" TCID50. Viral titres in daily nasal washes were determined by TCID50 and gRTPCR. Sera were collected on
day 14 and titrated by HI assay against inoculating strains and against RG virus containing cell-grown HK14 HA.

Result

Virus shedding dynamics were similar across the four RG virus variants. Sera raised against G186V and L194P
adapted viruses had high geometric mean titres (GMTSs) against homologous strains (7512 and 3044, respectively),
but low GMTs against cell-grown HA virus (360 and 469, respectively). Sera raised against G186V and L194P
adapted viruses engineered to retain 160T had relatively high GMTs against both homologous virus (1586, 1613,
respectively) and cell-grown HA virus (1811, 3352, respectively). To investigate how much HI antibody reacted
with site B, sera were titrated against a site B mutant HK14 virus generated by substituting Y159Q, D188N, and
K189Q. Sera raised against 160K viruses had 2.5-fold lower titres against site B mutant virus, indicating the
presence of site B reactive antibodies, whereas sera raised against 160T viruses recognized homologous strain,
site B mutant strain and 160K strains equally.

Conclusion

These results suggest that the T160K substitution accounts for the bulk of antigenic difference between egg- and
cell-grown HK14, and that viruses that are egg-adapted via G186V or L194P, but engineered to maintain
glycosylation could be promising vaccine candidates.
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Background

The Covid-19 pandemic has raised awareness about the potential for all respiratory viruses to spread via aerosols.
There is plentiful evidence that aerosol transmission of influenza, both in close proximity and at a distance, can
occur, but we do not yet know the relative importance of this route. Non-pharmaceutical interventions for influenza
such as handwashing, respiratory etiquette, surface cleaning, and social distancing are well established, but much
less is known about the effectiveness of interventions that target cleaning the air.

Method

The overall goals of this research are to determine how behavioral and environmental factors affect transmission
of influenza and to identify the most effective air-cleaning interventions for reducing transmission in child care and
school settings. The research program aims to transform our understanding of influenza transmission through a
multidisciplinary approach that integrates data from three projects: (1) development of innovative sensors and
assays to detect viruses in the air and on surfaces, (2) reimagined studies of transmission in animals, and (3)
modeling of transmission in child care centers. We will evaluate the impact of ventilation, air filtration, and
humidification on exposure to the virus and the dynamics of transmission.

Result

We have completed pilot studies of transmission with ferrets in an enclosure containing one donor and multiple
recipients, with realistic ventilation rates and thorough characterization of virus in the air and on surfaces. We have
also completed pilot studies to map the presence and quantity of influenza virus in the air and on surfaces in child
care centers. These studies are tightly integrated and closely coordinated with efforts to develop improved sampling
and analysis methods. In future experiments, we will vary ventilation rates, deploy portable air filtration units, and
adjust humidity levels to determine their impact on exposure and transmission.

Conclusion

Our comprehensive research program will advance understanding of the mechanisms of influenza transmission
and will illuminate the dynamics and drivers of transmission. Our improved detection methods will empower both
this effort and future studies of virus transmission and fate in the environment. We will identify environmental
interventions to slow transmission and reduce influenza's impact on human health, and associated economic costs.
Furthermore, the approach, methods, and results of this research will provide a rigorous framework for the study
of other respiratory viruses, such as SARS-CoV-2.



26 — 29 September 2022
ICC Belfast
UK

Poster Reception Il

- AOXI0598

Experiments to Evaluate Respirable Aerosols Produced during
Different Poultry Defeathering Methods

Nadia Rimi%, Md. Fahad*, Andrew Clark®, Joshua Mott?, Rebeca Sultana®, David Swayne’, Kamal Hossain® Syed Mortaza*,
Md. Saifullah*, Ireen Shanta*, Md. Giasuddin?, Md. Hassan?, James Kile?, William Lindsley®

!Bangladesh Livestock Research Institute, Savar, Dhaka, Bangladesh, ?Centers for Disease Control and Prevention (CDC),
Atlanta, Georgia, USA, Jicddr,b, “icddr,b, Dhaka, Bangladesh, °National Institute for Occupational Safety and Health (NIOSH),
Morgantown, West Virginia, USA, %Private Veterinary Consultant, "U.S. Department of Agriculture, Athens, Georgia, USA

Background

Influenza viruses can be aerosolized during slaughtering and defeathering of infected chickens, increasing the risk
of zoonotic transmission. We evaluated aerosol generation during different poultry defeathering methods used in
Bangladeshi live bird markets.

Method

The experiments were performed in an air-movement controlled booth within a temperature-controlled room in
Bangladesh Livestock Research Institute following the stun, bleed and slaughtering steps. Nine chickens were
defeathered using each of five machine lid designs, for a total of 45 chickens: 1) no lid; 2) half-closed by a hinged
lid; 3) partially covered by a lid with a hole; 4) fully closed by a lid with a hole and pivot door; and 5) fully closed by
a slidable solid dish. The slaughterers poured 2.5 litres of normal room temperature water (~25-26°C) inside the
machine during the process. Three PATS+ aerosol monitors were placed 148 cm above the floor, corresponding
to a worker's breathing level, to measure concentrations of <2.5 pm airborne particles at baseline and during
defeathering. We interviewed the slaughterers to collect feedback on the acceptability of the different methods.

Result

The average particle concentrations were: 1) defeathering machine without a lid, 10 pg/m3 (SD 6.5); 2) machine
half-closed by a hinged lid, 7.5 pg/m3 (SD 6.7); 3) machine partially closed by a lid with a hole, 3.3 pg/m3 (SD 3.4);
4) machine fully closed by a lid with a hole and pivot door, 0.0 ug/m3 (SD 0.0); and, 5) machine fully closed by a
solid dish, 0.0 pg/m3 (SD 0.1). Covering defeathering machines fully with a solid dish or a lid with a hole and pivot
door reduced particle concentrations below detectable levels (P< 0.001). Defeathering with machines covered
partially by a hinged lid reduced concentrations by 25% (P = 0.221), while a lid with a hole led to a 67% reduction
(P =0.009). The slaughterers preferred the fully closed by a dish method, since they commonly practiced it in the
live bird markets, followed by the half-closed by hinged lid method which allows pouring water during the process.
They did not prefer the lid with a hole and pivot door method, as they had never practiced or observed it before,
and it was more difficult to use.

Conclusion

Covering defeathering machines fully with a solid dish reduced particle concentrations and was preferred by the
slaughterers. However, the lid with a hole and pivot door and the solid dish methods produced the lowest particle
concentrations, potentially making them the safest methods to use. The findings can be used to educate
slaughterers and promote methods that can minimize human exposure to potentially hazardous aerosol particles
during poultry defeathering in the live bird markets.
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Comparative antibody persistence after natural COVID-19 infection
or aprimary course of 2 doses of either mRNA or inactivated COVID-

19 vaccines
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1School of Public Health, The University of Hong Kong

Background

Although existing studies have contributed some understanding on the antibody response and waning after natural
infection or mRNA vaccine of COVID-19, the comparative persistence pattern of antibody developed by these two
mechanisms, however, remained unclear. In particular, understanding on the antibody persistence pattern after a
primary course (2 doses) of inactivated COVID-19 vaccines is lacking. We reported an observational study to
compare the antibody persistence pattern following natural infection/ different vaccines in Hong Kong.

Method

This study was performed from Jun 2020 to Aug 2021. Convenience sample of unvaccinated COVID-19 infectees,
and never infected and 2 doses vaccinees of either BNT162b2 or CoronaVac were recruited. After completing a
baseline survey, a serum sample was collected to test for IgG antibody. A subset of infected cases had also
contributed a second sample after >1 month. The samples were firstly tested ELISAs. Samples with ELISA positive
(optical density > 0.5) or controversial result were further confirmed using sVNT. ELISA & sVNT results were
examined by descriptive statistics and boxplot stratified by months according to the duration between sampling and
the date of diagnosis/ 2nd dose vaccinations, and compared over the initial 4 months between the 3 groups
(BNT162b2/ CoronaVac/ Infection). 95% CI of antibody level were obtained by bootstrap.

Result

A total of 844 participants have been recruited, including 251 unvaccinated infectees, sampled from 22 days to 13
months after the diagnosis date; and 593 vaccinees completed 2 doses COVID-19 vaccinations (BNT162b2:314,
CoronaVac:279), sampled from 0 days to 3 months after their 2nd dose. In the initial 4 months, the antibody result
of both tests of all 3 groups were maintained well above the corresponding threshold values, with the levels being
highest among the BNT162b2 group, followed by the infection group, and lowest in the CoronaVac group. (Table
1) For the infection group, the data availability of longer duration between infection confirmation and sampling had
indicated antibody developed after natural infection lasted over the threshold for at least up to 12 months.

Conclusion

Within the initial 4 months after 2 dose vaccination/ diagnosis, natural infection-induced antibody level was lower
than mRNA vaccine-induced but higher than inactivated vaccine-induced antibody level. Infection-induced antibody
level could last for at least up to 12 months.
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compared to 2 doses of vaccination in healthy population
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Background

Previous studies indicated antibody responses to 1 dose mMRNA vaccine after COVID-19 infection were similar to
completing a primary course (two doses) mMRNA vaccine in never infected individuals. However, whether this finding
can also be generalized to inactivated vaccine is unclear. Our study compared the antibody persistence pattern
following one dose of vaccine in COVID-19 infectee, and people without prior infection and completed 2 doses
either mRNA or inactivated COVID-19 vaccines.

Method

This study was performed from Jun 2020 to Aug 2021 in Hong Kong. Participants who had 2 doses vaccination or
just 1 dose after infection were recruited by convenience sampling. A serum sample was collected to test for IgG
antibody ELISAs, positive (optical density > 0.5) or controvertible samples were further confirmed using sVNT). A
subset of infectees with controversial antibody test had also contributed a second sample after >1 month. ELISA
& sVNT results were examined by descriptive statistics and boxplot with stratification by months between sampling
and the date of last dose of vaccinations, and compared over the initial 4 months between groups. 95% CI of
antibody level were obtained by bootstrap. p < 0.05 was considered statistically significant.

Result

A total 705 participants with their last dose of vaccination within 4 months have been recruited, including 593 2
doses vaccinee (BNT162b2:314; CoronaVac:279) and 112 previously infected and 1 dose vaccines
(BNT162b2:81; CoronaVac:31). Eight with prior infection had contributed an additional sample. For BNT162b2,
high antibody levels were maintained over the 4 months both for 2 doses and 1 dose after infection, with all above
the corresponding threshold of ELISA and SVNT. For CoronaVac, mean OD450 of ELISA level were similar, but
mean % signal inhibition of SVNT were substantially higher in 1 dose after infection then those with 2 doses and
no prior infection. (Table 1) In either group, a higher antibody level was seen in the BNT162b2 than the CoronaVac
group.

Conclusion

Within 4 months after the last dose of vaccination, BNT162b2-induced antibody response was similar in people
with 1 dose after infection and those with no prior infection and received 2 doses. For CoronaVac, antibody level
was substantially higher in 1 dose after infection then those with 2 doses and no prior infection. For either 1 dose
plus infection or 2 doses, BNT162b2 gave a higher antibody level than the CoronaVac group.
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Effective use of influenza surveillance and response capacities for
Covid-19 utilizing Pandemic Influenza Preparedness Program: an
experience from Jordan
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Background

Jordan has established systems and capacities to detect and diagnose influenza and respiratory viruses of epidemic
and pandemic potential. The Covid-19 pandemic has highlighted the need of timely data sharing . International
community has realized the importance and relevance of of solid national surveillance systems. There is a continuous
need to support sustaining the capacities and performance of these systems.

The aim of Pandemic Influenza Preparedness , which started in 2015, is to maintain and expand on national diagnostic
and detection capacities to support the Global Influenza Surveillance and Response System (GISRS) and build
epidemic and pandemic preparedness. GISRS is a system fostering global confidence and trust through effective
collaboration and sharing of viruses, data and benefits from Member States' commitment to a global public health
model. PIP is jointly implemented by WHO and Ministry of Health

Method

Rapid review of the available documentation on existing infrastructure on surveillance and response systems for
influenza and other respiratory viruses with epidemic or pandemic potential was carried out. Such as PIP activity plan,
surveillance reports etc. Analysis was carried out to assess activities, identify successes and challenges expected to
support the maintenance and expansion of national preparedness and response capacities.

Result

Activities that were identified and implemented to enable the health system to better respond to influenza and other
pandemics included integration of the influenza like illness and severe acute respiratory diseases sentinel surveillance,
with geographic representations across the country and implementation of the standards in clinical and public health
laboratories including biosafety measures. Furthermore, strengthening capacity for genomic surveillance, development
of a detailed risk communications and community engagement plan, and establishment of a national network of
laboratories , also implemented. Other activities included institutionalization of "One Health", and establishment of a
pool of multi-sectoral experts to conduct risk assessments for priority zoonotic diseases.

Challenges faced in implementation of activities included standardizing the collection and rapid sharing of
epidemiological data from sentinel surveillance systems, staff turnover , and the deployment of experienced staff to
support the Covid-19 response thereby diverting their focus to COVID-19.

Conclusion

PIP activities have proven useful in providing the foundation for COVID-19 response. Building upon existing national
capacities and infrastructure to achieve integrated surveillance and response systems is the key to better preparedness
and future response to epidemics and pandemics .



