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The ZAPI Project – True Partnership 
Leads to Success 

Introduction
The Innovative Medicine Initiative (IMI)-funded Zoonoses 
Anticipation and Preparedness Initiative (ZAPI) project was 
designed as a new consortium in 2014 and was launched 
in March 2015, almost 5 years before the Covid-19 outbreak 
impact started to affect our lives everywhere on the globe. 
This IMI project call was designed by animal health industry 
and human pharma industry in order to deliver practical 
solutions to address the medical needs associated with the 
emergence of zoonotic infectious diseases. The intent was 
at the time to develop new manufacturing technologies in 
order to deliver very rapidly both vaccines and neutralizing 
antibodies.

Based on the recent SARS-CoV-1 and MERS-CoV outbreaks, 
it was estimated that the needs for specific pharmaceutical 
products to control such an outbreak would require the 
manufacturing of a few hundreds of millions of vaccine 
doses, and only a few thousands of therapeutic antibody 
treatments for hospitalized patients. Obviously, the 
emergence of SARS-CoV-2 was a “black swan event” (The 
Black Swan Theory Nassim Nicholas Taleb) (The Black Swan: 
Second Edition – Random House Books) showed that the 
occurrence of a new emerging disease, even if considered 
as being rare, can have global medical and economic 
consequences very rapidly. More than 70% of zoonotic 
diseases are originating from viral pathogens harboured 
by animals and it is clear that new, highly scalable 
technologies, are necessary to address such global needs. 
And achieving these huge needs, especially for human and 
veterinary vaccines, impose to radically revisit the classical 
manufacturing and regulatory pathways.

One cannot predict where exactly and to which target 
species an emerging / re-emerging virus will trigger the next 
pandemic or pan-epizootic event.

All outbreaks in humans and veterinary species in the past 
20 years (SARS-CoV, Ebola, MERS-CoV, influenza H1N1, West 
Nile Virus, Bluetongue Virus (BTV-8 and BTV-1 serotypes), 
Schmallenberg Virus (SBV) have occurred unexpectedly and 
as full surprises regarding time and location.

But we can have good guesses on the most likely suspects:

Viruses transmitted by contact or air

• Paramyxoviruses
• Orthomyxoviruses
• Coronaviruses
  
Insect-borne viruses
   
• Bunyaviruses Rift Valley Fever Virus   
• Orbiviruses BTV, AHSV   
• Flaviviruses WNV 

As the ongoing SARS-CoV-2 pandemic showcases with 
the continuing occurrence of variants, emerging infections 
still catch us by surprise, with no vaccine candidate or only 

very early-stage candidates available. Delays in vaccine 
availability will mean that the vaccine typically arrives too 
late to affect the course of the first pandemic waves. Hence, 
a key principle of preparedness is to do as much work as 
possible before an emergency happens, so that the response 
can be decisive and efficient. For pathogens we have not yet 
encountered, there is a need for platform technologies that 
can rapidly produce prototype vaccines and, if successful, 
produce sufficient amounts of vaccine against a new 
pathogen. To enhance quick responses, continued innovation 
in designing and studying vaccine efficacy trials that address 
the challenges of emergencies is needed.

Being “prepared” for any size of outbreak is the only way 
to face future “black swan events” and to rapidly protect as 
many human or domestic animal lives as possible.

The ZAPI project was set up as an industrial manufacturing 
demonstrator for achieving surge capacity, both for vaccines 
and antibodies. The effort was based on a set of a priori “rules” 
creating “constraints for driving innovation” (see infra). The 
main objectives were the following:

• Vaccine candidates based on soluble subunits 
• Antibody lead candidates to be classical monoclonal 

antibodies or “nanobodies” (single chain antibodies from 
camelids) 

• Systems to achieve surge capacity (100 Millions 
vaccine doses) within 3–4 months after identification of 
candidates 

• Full in vitro Quality Control for batch release, according 
to the 3R EU guidelines 

To achieve a surge manufacturing capacity able to deliver 
billions of doses in a few months, it is necessary to have 
an easy deployment and production at multiple sites. To 
facilitate this, it is essential to have an easy manufacturing 
system, with a limited number of steps in both upstream and 
downstream processes, to have a minimum number of in vitro 
QC assays, and robustness and consistency of the selected 
platforms. The principles for such a future manufacturing 
system have been nicely described by Pardee K. et al. in 2016.2

The ZAPI Project Objectives, Structure,  
and Built-In Constraints
Emerging infectious human and animal diseases (zoonoses) 
can spread very fast in wide geographical areas (several 
recent examples: BTV, SBV, Zika, avian influenza, African Swine 
Fever…), we have more and more the necessity to act for 
providing very fast medical countermeasures, which include 
fast-track delivery of vaccines. The practical challenge is 
to provide millions of doses within a few months), driving a 
need to rethink our classical approaches from the scientific, 
industrial and regulatory perspectives.

The ZAPI consortium gathered multiple scientists from 
pharma industry, academic and SMEs, and was especially 
strong with veterinarians having long experience with 
transboundary emerging disease vaccines and with 
pragmatic approaches. The ZAPI call for project was designed 
with multiple built-in constraints in order to stimulate the 
innovation: the new vaccine manufacturing technologies 
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could not use live vaccines, live vectored vaccines, or 
mammalian cell lines. On top of this, and in line with EU 
recommendations, a full in vitro QC system was required 
(no animal used for manufacturing and QC batch release).

Three zoonotic (or “quasi-zoonotic”) viral targets 
were selected in order to develop a fast-track vaccine 
manufacturing methodology with the potential to be used if 
needed on most of the emerging viruses responsible for highly 
virulent diseases in the future: Rift Valley Fever Virus (RVFV), 
Middle-East Respiratory Syndrome Coronavirus (MERS-
Co-V) and Schmallenberg Virus (SBV) (new orthobunyavirus 
infecting ruminants in Europe and belonging to a viral family 
containing true zoonotic viruses). 

The rationale for this selection was that for all these 3 
viruses, the possibility to achieve protective vaccines had 
been already demonstrated with classical technologies 
(modified live, inactivated, viral vectored vaccine), and that 
challenge models in target species were available.  

These models were thus used to explore whether new 
vaccine designs and manufacturing technologies could 
deliver vaccines as potent as the classical ones.   

The initial concept of the ZAPI vaccine was to develop 
subunit-based vaccines on the hypothesis that these 
subunits would be fused to protein carriers in order to 
increase their immunogenicity, but there was no precise 
idea of how this would be achieved. Fortunately, the ZAPI 
consortium was exposed at the start of the project to very 
interesting publications on protein nanoparticles that could 
be used as vaccine carriers and also on the very innovative 
bacterial superglue technology.3 It was decided to combine 
the use of these 2 technologies in order to develop an efficient 
“plug-and-play” assembly, and to establish a simple modular 
vaccine system.

The ZAPI Modular Vaccine Concept
The design of the ZAPI modular vaccines evolved from the 
idea of presenting subunits genetically fused to protein 
carriers (including VLP carriers) to the more simple plug-
and-display when the breakthrough bacterial superglue 
technology innovation was published4 and was applied to 
the presentation of immunogens on VLPs.5 All publications 
on vaccine and multiple other applications of the bacterial 
superglue technology are available at the Oxford University 
Spyinfo database.6

At the same time several papers have described 
the possibility to use protein nanoparticle structures 
expressed by thermophile micro-organisms: lumazine-
synthase from Aquifex aeolicus,7 E2 core from Geobacillus 
stearothermophilus8 and also semi-synthetic nanoparticles 
designed from an enzyme core protein (KDPG aldolase) 
expressed by Thermotoga maritima.9

A new concept rationale was then developed on the 
basis that conjugation of an immunogen subunit to 
a partner carrier with the bacterial superglue SpyTag/
SpyCatcher technology was simpler and more efficient 
than a genetic fusion (prone to unpredictable changes 
in the properties of the fusion protein). This new strategy 
also opened the way to design a modular vaccine platform 
based on a scaffold carrier decorated with the protective 
subunit selected from the outbreak (emerging) virus of 
interest. Instead of using a standard protein carrier for 
the coupling/conjugation. It was also decided to explore 
the particle-display presentation and compare three of 
the published protein nanoparticles: lumazine-synthase 

(LS), E2, and the semi-synthetic KDPG aldolase (ALD) (also 
known as I3-01 protein). Interestingly, these 3 nanostructures 
have the same overall dodecahedron symmetry and are 
generated by a natural self-assembly of 60 monomers. 
Although they present some differences in their size and 
other features, they all have a “virus-like particle” structure 
which is typically well-recognised by the immune system.

The SpyTag or SpyCatcher peptides were fused to 
the specific monomer (either at the N-terminus or the 
C-terminus) of each protein nanoparticle and expressed in 
E. coli to produce enough research-grade materials on which 
the specific viral subunits could be subsequently coupled.

These 60-mer nanoparticles fused with one of the bacterial 
superglue moiety were designated as Multimeric Protein 
Scaffold Particle or “MPSP” and they constituted the “platform 
component” of the ZAPI modular vaccine methodology.

Implementation and Results Generated  
with the 3 Viral Disease Models
This approach was declined for all 3 viral models in the 
ZAPI project, and led to the demonstration that the different 
immunogen subunits coupled to a MPSP could induce a 
satisfactory level of protection in target species (for the RVFV 
and SBV challenge models) and for adapted animal models 
for the MERS-CoV challenge model.

• RVFV Gn_DVII subunit10

• SBV GcN+C subunit11

• MERS-CoV RBD subunit12

Further, the ZAPI project did demonstrate that if the same 
immunogen subunit (RVFV Gn_DVII) was coupled to 3 different 
MPSPs, there was no difference in the immunogenicity and 
protection levels in the sheep target species (Wichgers-
Schreur P et al.),10 demonstrating that the MPSP platform 
was “neutral” for the vaccine quality, and the MPSP could 
be selected mainly on the large scale manufacturing yields.

Other data, generated in the course of the exploration 
of the characteristics of the ZAPI modular vaccine project, 
indicated a very high flexibility for the use of the MPSP complex 
(= immunogen coupled to the MPSP) vaccine platform. This 
flexibility can be implemented at different levels according 
to the needs.

This ZAPI vaccine platform concept is in practice quite 
versatile at different levels:

• Nature of the MPSP platform itself (“interchangeability” 
between LS, E2, ALD (I3-01); concept now extended by 
other teams to fully synthetic (computer-designed) 
scaffold particle;13 with a spinoff company Icosavax.14 
Ferritin (24-mer).15 Bacteriophages (Q beta and others) 
can be used for the particle-display16 as well as more 
classical VLPs such as HBVc (Hepatitis B virus core) or 
CuMV (Cucumber Mosaic Virus)17

• Flexibility for the superglue coupling: choice of either 
SpyTag or SpyCatcher (“MPSP-ST” ot “MPSP-SC”) (or other 
superglue 2-moiety systems in the future).

• Flexibility for the coupling ratio: the coupling of the subunit 
on the MPSP can be performed within a quite broad 
domain to “decorate” the particle. One can theoretically 
go from one subunit (1 immunogen subunit for 60 
monomers) up to a “saturation level” (full decoration) of 
60 subunits (1 subunit for each monomer). This is opening 
quite intriguing avenues for dissecting how the immune 
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system recognizes a minimum antigen dose and develop 
specific responses profiles.

• Flexibility for the orientation of the immunogen subunit 
on the surface of the MPSP.

• Flexibility for coupling small (short peptides, SARS-CoV-2 
RBD) or large subunits (SARS-CoV-2 Spike, Influenza 
virus HA).

Conclusion
The ZAPI project successes for the design and development of 
a fast-track vaccine platform to be implemented in response 
to large outbreaks in a context of health emergency were 
built on a true partnership, with a lot happening transversally 
between the public and private partners. There are several 
reasons why this project has worked well. First, all partners 
involved in the consortium were working on mutually beneficial 
goals. Targets like high yields or low-cost manufacturing are 
not usually a priority among academia scientists, because 
it demands compromises, and the sharing of the industrial 
constraints was a learning curve for everyone. Then, the 
excellence of the team members, the open-mindedness and 
the mutual trust, which are soft skills that need to be sustained 
over the long run if we need to go faster. Also, the fact that the 
work started in peace time, and allowed to establish a solid 
partnership before the storm came. And finally, the quality of 
the coordination. This partnership should not stop because 
the project ended but it should find opportunities to continue 
working together in the future.

The ZAPI project consortium has delivered a lot of 
key practical data which can now be directly used for 
manufacturing vaccines in animal health and human health, 
in a true One Health perspective. This IMI project showcased a 
remarkable return on investment from the EU public funding, 
and it would be very important to keep building on the ZAPI 
project learnings and momentum.

The Covid-19 pandemic is only a first warning and this 
crisis allowed the very successful and striking introduction of 
the mRNA vaccine technology that could be developed very 
rapidly at a very large scale (but this technology benefitted 
from a dozen of years in development). No one knows today 
whether the mRNA vaccine can work efficiently against all 
viruses, and it is critical to develop other platform backups. 
The ZAPI MPSP complex modular vaccine is an example of a 
massive manufacturing technology that should be pursued 
through partnerships between industry and scientists in 
order to reach a higher level of preparedness for protecting 
the EU citizens and domestic animal populations against 
future highly transmissible infectious diseases. The ZAPI 
Project Consortium would like to thank the EU Commission 
and the IMI program for having provided the resources which 
allowed to start from a concept and achieve remarkable 
results in terms of process, yields and vaccine efficacy. We 
are now looking forward to seeing this momentum being 
implemented to reality in the HERA and IHI programs, and 
establish, through new private-public partnerships, simple 
and practical solutions to efficiently protect the human and 
animal populations, not only in EU but everywhere in the world.  
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