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Figure 5. 
Theoretical formation of a “sugar lawn” of ten sugars on the surface of ALFQ by interaction 
of QS21 with ALF liposomes containing a ratio of 55 mol% cholesterol compared to 
phospholipid.
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• Multivalent formulations mouse/hamster studies 
 
• Heterologous prime-boost NHP Omicron challenge study 
 
• mRNA formulation mouse studies 
 
•  Passive transfer human IgG hamster SARS1/2 challenge 
 
•  Adjuvant and Immunogen combination comparison - NHP 
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Seasonal influenza epidemics and the threat of pandemic influ-
enza outbreaks are perennial global public health challenges. 
In an average year, seasonal influenza epidemics cause 3–5 

million cases of severe illness and 300,000–650,000 deaths world-
wide1,2, with pandemics capable of much greater morbidity and 
mortality3. Vaccination is an essential tool for seasonal influenza 
control; however, currently licensed influenza vaccines require 
annual reformulation and immunization due to their specificity for 
the variable circulating strains4. Influenza viruses are diverse, with 
many antigenically unique strains of each seasonal subtype circulat-
ing simultaneously in the human population. Even when the cir-

culating viruses are well matched to the strains within the vaccine, 
the effectiveness of seasonal vaccines typically ranges from 40% 
to 60%, likely due to the lack of adjuvants in the vaccines and the 
pre-existing immunity to the seasonal subtypes in the population1.

Influenza A hemagglutinin (HA) glycoproteins, which mediate 
binding and entry of host cells, are phylogenetically categorized into 
two groups: group 1 (for example, H1, H2, H5, H6 and H9) and 
group 2 (for example, H3, H7 and H10). The H1 and H3 subtypes 
are currently responsible for the seasonal epidemics, whereas several 
other group 1 and group 2 subtypes display pandemic potential5. 
Currently licensed seasonal influenza vaccines predominantly elicit 
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Currently, licensed seasonal influenza vaccines display variable vaccine effectiveness, and there remains a need for novel vac-
cine platforms capable of inducing broader responses against viral protein domains conserved among influenza subtypes. 
We conducted a first-in-human, randomized, open-label, phase 1 clinical trial (NCT03186781) to evaluate a novel ferritin 
(H2HA-Ferritin) nanoparticle influenza vaccine platform. The H2 subtype has not circulated in humans since 1968. Adults born 
after 1968 have been exposed to only the H1 subtype of group 1 influenza viruses, which shares a conserved stem with H2. 
Including both H2-naive and H2-exposed adults in the trial allowed us to evaluate memory responses against the conserved 
stem domain in the presence or absence of pre-existing responses against the immunodominant HA head domain. Fifty healthy 
participants 18–70 years of age received H2HA-Ferritin intramuscularly as a single 20-μg dose (n!=!5) or a 60-μg dose either 
twice in a homologous (n!=!25) prime-boost regimen or once in a heterologous (n!=!20) prime-boost regimen after a matched 
H2 DNA vaccine prime. The primary objective of this trial was to evaluate the safety and tolerability of H2HA-Ferritin either 
alone or in prime-boost regimens. The secondary objective was to evaluate antibody responses after vaccination. Both vaccines 
were safe and well tolerated, with the most common solicited symptom being mild headache after both H2HA-Ferritin (n!=!15, 
22%) and H2 DNA (n!=!5, 25%). Exploratory analyses identified neutralizing antibody responses elicited by the H2HA-Ferritin 
vaccine in both H2-naive and H2-exposed populations. Furthermore, broadly neutralizing antibody responses against group 1 
influenza viruses, including both seasonal H1 and avian H5 subtypes, were induced in the H2-naive population through target-
ing the HA stem. This ferritin nanoparticle vaccine technology represents a novel, safe and immunogenic platform with poten-
tial application for pandemic preparedness and universal influenza vaccine development.
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Breadth of vaccine-induced neutralizing antibody responses. 
To assess whether the expanded breadth of stem-binding anti-
body responses after vaccination resulted in increased neutralizing 
breadth across group 1 viruses in an exploratory objective, we ana-
lyzed additional group 1 influenza subtypes with the reporter micro-
neutralization assay, including H5N1 and H6N1. For the H2-naive 
participants, increases in neutralizing antibodies were observed 
against H5N1 after the first vaccination with H2HA-Ferritin  
(Fig. 5b and Extended Data Fig. 3h). After the boost vaccination, 
4.4-fold and 16-fold increases in geometric means were observed in 
the homologous and heterologous prime-boost groups, respectively. 
The H2-exposed participants did not display an increase in neu-
tralization activity compared to baseline, regardless of prime-boost 
regimen. These trends were substantiated at 2 weeks after the boost 
with the more antigenically distant subtype H6N1 (Supplementary 
Table 6 and Extended Data Fig. 3i) and by an exploratory pseu-
dotyped lentivirus neutralization assay against H5N1 at key time 
points (Extended Data Figs. 3k and 4b).

To confirm that the broad neutralizing activity observed against 
the heterosubtypic viruses was targeting the HA stem specifically, 
we performed a neutralization assay in the presence of competi-
tor antigens on sera at 2 weeks after the boost as an exploratory 
objective (Fig. 6). Competing antigens, including a full-length 
H2 HA and an H2 stem antigen, were added to participant sera 
before incubation with the H5N1 virus. If the antibodies present 
in the serum bind to the competing antigen, the neutralization of 
the H5N1 virus will be inhibited, allowing us to define the speci-
ficity of the antibody response. As expected, the full-length H2 
HA antigen resulted in almost complete inhibition of neutralizing 
activity against the H5N1 virus in all groups, whereas a negative 
control antigen (DSCav-1) inhibited only between 6% and 13% of 
the neutralization activity against H5N1 (Fig. 6). These trends were 
confirmed through inhibition of the neutralization activity against 
an H2N2 virus (Extended Data Fig. 6). The H2 stem antigen was 
able to inhibit most neutralizing activity against both the H5N1 

and H2N2 viruses, indicating that the HA stem is a major target 
of H2HA-Ferritin vaccine-induced broadly neutralizing antibodies.

HA stem-specific Fc-mediated antibody activity. In addition to 
neutralizing activity, stem-directed antibodies have been reported 
to exhibit Fc-mediated antibody-dependent cellular cytotoxic-
ity (ADCC) activity19. To assess HA stem-specific Fc-mediated 
activity as an exploratory objective, we used an ADCC reporter 
assay with a chimeric HA containing a head region from an anti-
genically distant group 1 subtype (H6) and a stem region from a 
seasonal group 1 subtype (H1)20. Corresponding with our HA 
stem-directed neutralizing antibody results, we detected an increase 
in Fc-mediated ADCC activity in H2-naive adults after vaccination 
with H2HA-Ferritin (Extended Data Figs. 3l and 7). At 4 weeks after 
the boost vaccination, the H2-naive adults who received homolo-
gous and heterologous prime-boost regimens displayed 2.8-fold and 
14.4-fold increases in geometric means over baseline, respectively 
(Extended Data Fig. 7). The baseline Fc-mediated ADCC activity 
in H2-exposed adults was unaffected by vaccination. Overall, these 
trial results indicate that the H2HA-Ferritin vaccine platform elicits 
broadly neutralizing responses in H2-naive adults through the pro-
duction of antibodies against the conserved HA stem and that these 
antibodies have both neutralizing and Fc-mediated activity.

Discussion
This phase 1 clinical trial of a novel ferritin nanoparticle-based 
influenza vaccine shows that H2HA-Ferritin is safe, well toler-
ated and immunogenic in healthy adults. This represents the 
first-in-human evaluation of this ferritin nanoparticle-based vac-
cine platform and is a proof of concept for a new generation of 
vaccines that display orderly arrays of antigens on self-assembling 
nanoparticles. We found the H2HA-Ferritin vaccine to be immuno-
genic, resulting in increased neutralizing activity in all participants. 
Notably, H2HA-Ferritin also induced broadly neutralizing anti-
bodies directed against the conserved HA stem in H2-naive adults. 
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Fig. 5 | H2HA-Ferritin vaccination induces broadly neutralizing antibodies against group 1 viruses in H2-naive adults. Sera from H2-naive (blue circles) 
and H2-exposed (green circles) participants who received H2HA-Ferritin in either homologous (closed circles) or heterologous (open circles) prime-boost 
regimens were analyzed for neutralizing activity (IC80) by a reporter-based microneutralization assay. Individual values, group geometric means and 
geometric mean fold changes over baseline are shown for H2N2 A/Singapore/1/57 (a) and H5N1 A/Vietnam/1203/04 (b) viruses. Whiskers indicate 
95% confidence intervals. Dotted lines indicate the lower limit of detection for each assay; arrows indicate vaccination time points. Negative samples were 
reported and calculated as half the limit of detection. The number of participant sera analyzed at each time point is summarized in Supplementary Table 7. 
GMT, geometric mean titer.
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SpFN Phase I Trial Flow 
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SpFN Phase I Trial Endpoints 
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•  Local and Systemic reactogenicity 

•  Binding antibody (MSD)  

•  SARS-CoV-2 VOC Pseudovirus Neutralization 

•  Cell mediated immunity (ICS)  

•  Sarbecovirus RBD binding antibody (BLI (Octet)) panel 
 
•  Broader sarbecovirus neutralization panel 
 
•  Purified IgG passive transfer/challenge (Delta, Omicron, SARS1) 



10 

 
 
Misook Choe 
Rajeshwer  Sankhala 
Wei-Hung Chen 
Paul V. Thomas 
Agi Hajduczki 
Caroline Peterson 
William Chang 
Paul Thomas 
Elizabeth Martinez 
Phyllis Rees 
Petra Prins 
Leilani Francisco 
 

Gordon Joyce 
Paul Scott 
Brittany Shepherd 
Mihret Amare 
Sandhya Vasan 
Erifile Zografos 
Heather Liu 
Jarrett Headley 
Greg Bujak 
Jenny Lay 
Kara Lombardi 
Leigh Anne Eller 

Emerging Infectious Diseases Branch (EIDB) 
Amy Castellano 
Daniel Choi 
Elizabeth Bianchi 
Erica Sondergaard 
Mark Milazzo 
Mekdi Taddese 
Melanie McCauley 
Paul Zaremba 
Farooq Nasir 
Shilpa Hakre 
Tsedal Mebrahtu 
Theresa Lins 

Nelson Michael 
COL Robert O’Connell 
COL Chad Koenig 
BG Clinton Murray 
COL(P) Deydre Teyhen 
 

WRAIR / CIDR 

Gary Matyas 
Mangala Rao 
Vicky Polonis 
Sebastian Molnar 
 

MHRP 
Greg Gromowski 
Aslaa Ahmed 

LTCJeffrey Froude 
Rafael de la Barrera 
Stasya Zarling-Bejma 

PBF 

Acknowledgements 

UNCLASSIFIED 10 

John Mascola 
Barney Graham 
Rick Koup 
Julie Ledgerwood 
Adrian McDermott 
Kizzmekia Corbett 
Masaru Kanekiyo 
Sarah O’Connell 
Sandeep Narpala 
Sandra Vazquez 
Somia Hickman 
 

NIAID/VRC 

VDB 

CTC 
Melissa Greenleaf 
Evie Guzman 
MAJ Aaron Sanborn 
MAJ Jack Hutter 
MAJ Mike Koren 
MAJ Nathan Jansen 

DHVI 
David Montefiori 
Hongmei Gao 
Amanda Eaton 
Kelli Greene 

Jason Gall 
Kevin Carlton 
Paula Lei 
Lisa Kueltzo 
Dan Gowetski 
Janel Holland Linn 
Jacob Demirji 
Kristin Leach 
Michael Pratt 
Florence Kaltovich 
Jessica Bahorich 
William Shadrick 
Yanhong Yang 
 
 
 
 

FHCC 
Julie McElrath 
Stephen De Rosa 


