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Abstract

The “Generation Gold Standard” (GGS) initiative, launched by NIH and BARDA, seeks to advance pandemic preparedness through
-propiolactone (BPL)-inactivated whole-virus vaccines. While positioned as a transformative platform, GGS relies on legacy technology with
known limitations, including waning immunity and limited cross-variant protection, as seen in COVID-19 vaccines such as CoronaVac. This
Perspective critiques GGS's scientific rationale and transparency, arguing that it overlooks recent advances in epitope-based vaccinology, Al-
driven design, and systems biology. By prioritizing scalability overimmunological precision, GGS risks delaying progress toward more effective,
adaptable vaccine platforms. We propose a forward-looking approach that conserved epitope targeting, antigen sequence optimization,
multi-omics integration, and transparent preclinical validation to enhance efficacy and public trust. As the window for applying lessons from

COVID-19 narrows, redirecting resources toward mechanistically innovative platforms is essential for global health security.
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Introduction

The “Generation Gold Standard” (GGS) initiative, announced
by NIH and BARDA, aims to develop universal vaccines for
influenza and coronaviruses using (3-propiolactone (BPL)-
inactivated whole-virus technology [1,2]. This approach,
historically used in vaccines like Sinovac’s CoronaVac, is
praised for its scalability but has faced scrutiny for limited
durability and cross-protection [3-6]. As the world seeks robust
pandemic preparedness post-COVID-19, GGS's reliance on an
established platform raises questions about its transformative
potential. This perspective argues that GGS lacks mechanistic
innovation and transparency, potentially diverting attention
and investment from emerging technologies such as epitope-
based vaccinology and Al-driven design. By examining
GGS's scientific foundation, transparency gaps, and missed
opportunities for innovation, we highlight the need for a
paradigm shift in vaccine development to address future
pandemics effectively.

Limitations of BPL-Inactivated Vaccines

BPL-inactivated whole-virus vaccines, the cornerstone
of GGS, have been extensively studied [3-6]. During the
COVID-19 pandemic, vaccines like CoronaVac and Sinopharm
demonstrated initial efficacy but rapid waning of protection,
particularly against variants [3,4,6]. These vaccines elicit
primarily humoral immunity, with limited T-cell responses
and mucosal protection [7,8]. Booster doses offer marginal
benefits and fail to address cross-variant immunity [9,10].
Despite these limitations, GGS positions BPL-inactivated
vaccines as a foundation for universal protection without
providing comparative data against mRNA or protein-subunit
platforms[1,2]. While inactivated vaccines offer manufacturing
advantages, their immunological profile suggests they
may be less effective against rapidly evolving pathogens.
A universal vaccine platform must prioritize durable, cross-
reactive immunity—an area GGS's current framework does
not adequately address.
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Transparency Gaps in GGS

Scientific rigor demands transparency, yet GGS lacks
critical data to support its claims. No peer-reviewed animal
challenge studies or immunological characterizations (e.g.,
T-cell breadth, durability) for candidates like BPL-1357 and
BPL-24910 have been published [1,2]. Publicly registered trials
are absent, and comparative analyses with mRNA or vector-
based vaccines are unavailable. This opacity challenges the
principles of evidence-based public health decision-making,
especially given the high stakes of pandemic preparedness.
Transparent preclinical data, including cross-strain efficacy
and safety profiles, are essential to justify GGS's prioritization
over alternative platforms.

A Path Forward: Epitope-Based Vaccinology

Next-generation vaccines should target conserved,
immunodominant epitopes to elicit robust, cross-reactive
immunity [11,12]. Advances in Al, such as AlphaFold for
epitope mapping, and systems biology enable precise
vaccine design by modeling HLA-specific responses and host-
pathogen dynamics [13-15]. Unlike whole-virus vaccines,
epitope-based platforms (e.g.,, mRNA, peptide vaccines) allow
sequence optimization, including those for the adjustment of
cellular immune response [16], to enhance immunogenicity
and minimize side effects [16-19].

One key reason for vaccine failure is the presence of
excess harmful or non-functional epitopes alongside a
lack of strongly immunogenic ones. Molecular-based
platforms—including mRNA, DNA, peptide, epitope, and
protein subunit vaccines—can address this by adjusting
amino acid sequences. By contrast, GGS’s inactivated virus
approach cannot easily overcome its intrinsic deficiencies
without ethically and biosafety-concerning manipulations.
For example, myocarditis—a possible side effect of mRNA
vaccines—may be mitigated through sequence optimization
or formulation adjustments, whereas the GGS platform’s
limitations offer few safe alternatives. mRNA vaccines can
also be rapidly redesigned to address emerging variants, a
flexibility GGS lacks. Integrating multi-omics data, including
microbiome and endocrine interactions, could further
optimize vaccine outcomes. GGS's failure to incorporate these
tools risks delaying progress toward more effective vaccines.

Risks Stalling True Innovation

While the GGS initiative aspires to set benchmarks
for vaccine development, its current framework may
inadvertently reinforce legacy approaches rather than catalyze
transformative advances. Five critical concerns emerge:

1. Overemphasis on legacy platforms

GGS appears heavily weighted toward validating and

scaling existing platforms—mRNA, recombinant protein,
and viral vectors—rather than systematically fostering
disruptive new modalities. This imbalance may hinder
exploration of novel paradigms with greater long-
term promise, such as epitope-specific or Al-enabled
immunogen discovery.

2. Pathogen-centric antigen selection

Current standards largely define vaccine targets by
historical pathogen structures or serotype coverage,
rather than comprehensive immune-epitope mapping
across human population diversity. A host-centered
design philosophy could yield vaccines that better reflect
population-level immune diversity.

3. Limited integration of Al-driven immunology

Although GGS acknowledges “data-driven design,’
implementation  remains  vague.  Simulation-first
approaches—common in other high-tech sectors—could
reduce attrition and accelerate discovery in vaccine R&D.
These tools deserve core placement in the development
pipeline.

4. Codifying suboptimal correlates of protection

Standardizing assays is valuable, but without investment
in discovering better correlates, the system may entrench
metrics that do not reflect true protective immunity. Multi-
epitope T-cell responses and systems-level immunity
often predict protection more accurately than antibody
titers alone.

5. Weak incentives for translational leapfrogging

Funding and regulatory alignment appear optimized for
platform efficiency, not scientific leapfrogging. Novel
approaches—such as Al-designed synthetic epitopes
or modular vaccine scaffolds—face steep translational
hurdles. Without risk-tolerant investment mechanisms,
the next generation of vaccines may emerge slowly, if at
all.

Without deliberate integration of epitope-level immune
mapping, Al-enabled immunogen design, and dynamic
protection metrics, GGSrisks institutionalizing incrementalism.
To truly advance global immunization, the initiative must
evolve from platform validation toward immune-system
innovation.

Universal Vaccine Challenges

Despite decades of effort and billions of dollars invested,
the quest for a truly universal influenza vaccine remains
elusive. Most candidates target broadly reactive antigens
such as hemagglutinin (HA) or neuraminidase (NA), but rapid

] Cell Immunol. 2025
Volume 7, Issue 5

189



Zhang Y. Revisiting Vaccine Innovation: A Critique of the “generation Gold Standard” Initiative. ] Cell Immunol.

2025;7(5):188-191.

antigenic drift undermines efficacy. Recent trials of HA-stalk-
based vaccines showed promise but failed to deliver durable,
broadly protective immunity across diverse viral strains and
human populations [20].

This persistent challenge highlights the insufficiency of
antigen-level design without precise epitope targeting
informed by high-resolution immune mapping. Al-guided
epitope selection and multi-epitope platforms offer a way
forward by enabling dynamic adaptation to viral evolution
and personalized immune landscapes.

The recent FDA approval of the RSV fusion (F) protein-based
vaccine for older adults marked a milestone in epitope-centric
design. Early RSV vaccines using post-fusion F proteins failed
due to suboptimal presentation of key neutralizing epitopes,
while prefusion-stabilized constructs elicited markedly better
immunity. Computational epitope mapping and Al-driven
antigen engineering were critical to this success, underscoring
the potential of these technologies as foundational tools in
next-generation vaccine initiatives [21,22].

Conclusion

The GGS initiative, while ambitious, relies on a dated platform
without transparent validation or mechanistic innovation. To
meet the demands of future pandemics, vaccine development
must embrace epitope-based design, Al-driven discovery, and
systems biology. NIH and BARDA should prioritize transparent
preclinical trials and comparative studies to ensure resources
are allocated effectively. To safeguard global health and restore
public trust, vaccine initiatives must reflect the complexity of
human immunity and invest in platforms that are not only
scalable but fundamentally superior in protection. By evolving
toward immune-system innovation, GGS can become a
launchpad for the next era of immunization science.
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