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PRECLINICAL AND CLINICAL RESEARCH

EXPERT INSIGHT

Immunity and vaccine 
development against  
liver-stage malaria
Mitch Ganley, William Heath, and Lynette Beattie 

Malaria is still a major cause of death, with over half a million people dying every year and 
over 200 million infections. As of 2024, two protein subunit vaccines have gained WHO 
approval, the RTS,S/AS01 and R21/Matrix-M, with 30% and 75% vaccine efficacy, respec-
tively. Despite these significant milestones, readiness for global implementation, and the 
potential to drastically reduce the global disease burden from malaria, there are limitations 
in the current approaches. This is in part due to logistical and scalability issues of the com-
plicated subunit vaccine but also the low efficacy and requirement for 3–4 doses and a 
booster dose prior to the malaria season every year to maintain efficacy. Furthermore, the 
WHO has set the target of 90% vaccine efficacy over 12 months for future malaria vaccine 
development. This review will highlight the limitations to the current approaches of generat-
ing antibodies against the NANP domain of circumsporozoite protein, and the need for new 
approaches and technologies. Specifically, we will discuss vaccines generating the newly 
identified liver tissue-resident memory CD8 T cell that can provide sterile protection against 
liver-stage infection. Live-attenuated, protein subunit, viral vector and mRNA vaccines are 
considered in this review. Since the COVID-19 pandemic, mRNA vaccines have demon-
strated rapid and wide-spread deployment that may overcome logistical hurdles faced by 
other vaccines. mRNA vaccines could be harnessed for improved generation of liver tis-
sue-resident memory T cells and improved, long-lasting malaria immunity. 
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PLASMODIUM PARASITE  
AND PATHOLOGY

Malaria is a deadly and debilitating disease, 
caused by a single-cell eukaryote parasite 
of the Plasmodium genus. The Plasmodium 
genus is part of the Apicomplexa phylum that, 
along with Toxoplasma and Cryptosporidium, 
makes up a large group of protozoan par-
asites, many of which are infectious to 
humans. Their characteristic feature is the 
apical complex, essential for invasion through 
the host cell membrane and for performing 
a mode of motility, called gliding [1]. There 
are a number of Plasmodium species that 
afflict humans, but the majority of malaria 

cases are caused by five species: P. falciparum, 
P. vivax, P. ovale, P. malariae, and P. knowlesi 
[2]. The parasites are carried by mosquitos 
of the Anopheles genus, including 40 species 
[3], which primarily inhabit tropical and 
subtropical regions, hence why the majority 
of malaria cases are confined to these areas. 
This includes 43  countries over central and 
south America, sub-Saharan Africa, eastern 
Europe, central (e.g., India) and southeast 
Asia; however, the majority (~88%) of cases 
occur in Africa, followed by southeast Asia. 
In 2022, approximately 608,000 deaths were 
caused by malaria out of 249 million infec-
tions worldwide [4]. The vast majority (76%) 
of fatal cases are children under the age of 5. 
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Maternal IgG antibodies (passed from mother 
to neonate) specific to Plasmodium antigens 
can protect newborns from malaria [5,6]. 
However, these quickly wane after 6 months, 
making children highly susceptible, and most 
children are infected by the age of 2 years in 
areas with high malaria prevalence [7,8]. 

As eukaryotes, Plasmodium species have 
a complex life cycle, with asexual and sex-
ual stages. The sporozoite (haploid) stage of 
the life cycle begins in the salivary glands 
of infected mosquitos, which results in the 
depositing of sporozoites in the skin of mam-
mals following a blood meal by female mos-
quitos (Figure 1A). The sporozoites travel to 
the liver where they infect hepatocytes and 
eventually develop into the merozoite stage 
(Figure 1B). Replication in the parasitopho-
rous vacuole within the cytosol of infected 
hepatocytes takes days to weeks depending on 
the parasite and host species (Figure 1C). Once 
the merozoites break out of the liver they 
continuously infect red blood cells, reproduce 
asexually (Figure 1D), or develop into gameto-
cytes (Figure 1E), starting the sexual reproduc-
tion cycle. During this phase, gametocytes 
can be taken up by a mosquito during a blood 
meal and fuse into a zygote (diploid) in the 
mosquito gut [9]. The zygote develops into 
an ookinete that travels through the midgut 
epithelial wall and undergoes meiotic recom-
bination [10]. Following this process, an 
oocyst forms and then releases dozens of hap-
loid sporozoites into the salivary gland of the 
mosquito, completing the cycle. The process 
of sexual reproduction in the mosquito takes 
approximately 1 week [11].

When a female mosquito has a blood meal, 
approximately 15–20 sporozoites are trans-
mitted into the skin of the host [12,13], while 
multiple mosquito bites can increase the total 
number of sporozoites that enter the body. 
Approximately 50% of sporozoites leave the 
site of infection in the skin and of those, 30% 
enter lymphatic vessels and travel to lymph 
nodes while 70% travel through the blood 
into the liver, where they infect hepatocytes 
[13]. The period in which sporozoites leave 

the skin and travel to the liver is very short. 
Following an infected-mosquito blood meal, 
50% of sporozoites have already left the skin 
after 1  hour [13]. Furthermore, sporozoites 
can be found in the liver just 2 min follow-
ing direct intravenous injection of mice with 
Plasmodium sporozoites [14]. In humans, 
the development into merozoites in the liver 
takes longer than 1 week, depending on the 
Plasmodium species (2–3 days in mice). This 
lengthy incubation in the liver compared to the 
short period it takes sporozoites to travel to the 
liver from the skin has important implications 
when designing vaccines against Plasmodium 
spp. Furthermore, Plasmodium ovale and vivax 
can also enter a dormant stage in the liver, 
called hypnozoites, which can remain in the 
liver for months before causing infection in 
the blood [15]. When the infection progresses 
with normal kinetics, infection of a hepato-
cyte by one sporozoite results in the develop-
ment of thousands of merozoites, which enter 
the bloodstream after exiting the hepatocyte, 
infecting red blood cells [16]. The merozoites 
can then reproduce asexually, producing doz-
ens of merozoites from one infected red blood 
cell (iRBC). This is the disease-causing stage, 
as red blood cells are lysed during the rup-
ture and release of more merozoites [17]. The 
parasite digests hemoglobin in the red blood 
cell, leading to the release of heme, which is 
toxic to the parasite [18]. This is overcome 
through polymerization of heme into hemo-
zoin, a blue pigment characteristic of iRBCs. 
Following infection and lysis of red blood 
cells by Plasmodium merozoites, release of 
parasite DNA and hemozoin leads to sharp 
peaks in TNF-a production. This causes par-
oxysms, which are periods of high fever and 
chills, diarrhea, vomiting and headaches [19]. 
Hemolysis also contributes to anemia, a symp-
tom of malaria that can develop into severe 
anemia, followed by organ damage and failure 
[20]. Apoptosis of non-parasitized RBCs and 
dyserythropoiesis have also been reported to 
contribute to anemia [21–23]. Furthermore, 
the lack of oxygen to various tissues, in combi-
nation with other factors, can cause metabolic 
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(lactic) acidosis [24]. Plasmodium falciparum 
erythrocyte membrane protein 1 (PfEMP1) 
proteins are expressed on the surface of 
iRBCs, which bind to CD36, intracellular 
adhesion molecule-1 (ICAM-1) and endothe-
lial protein C receptor (EPCR), all expressed 
by endothelial cells, mediating binding of 
iRBCs to endothelial cells [25,26]. This adher-
ence causes blockage of blood vessels, leading 
to reduced blood flow and hypoxia [27]. This 
pathology leads to a range of severe outcomes 
including seizures, neurological damage, 
comas and death [28,29].

PLASMODIUM HOST 
INTERACTIONS AND IMMUNITY

During liver-stage infection, multiple 
immune cell types recognize and respond 

to infection, including resident lymphocytes 
and macrophages. For example, induction 
of type I interferon (IFN) in response to 
liver-stage parasite RNA was dependent on 
RNA sensing receptor melanoma-differen-
tiation associated gene  5 (MDA5) and its 
downstream adaptor protein mitochondri-
al-antiviral signaling (MAVS) [30]. There is 
evidence that innate-like T cells become acti-
vated during the liver-stage infection and play 
a role in host defense. Natural killer T (NKT) 
cells can be activated by infected hepatocytes 
in vitro and directly kill the infected cells [31]. 
NKT cells also play a role in suppressing liv-
er-stage infection through IFNg production 
in response to type I IFN [32]. gd  T  cells 
also play an important role in innate and 
adaptive defense against malaria. Mice that 
are deficient in gd  T  cells do not develop 

 f FIGURE 1
Plasmodium falciparum life cycle in mammals. 
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immunity following g-radiation attenuated 
sporozoites (RAS) vaccination, due to lower 
T cell responses, but the mechanism was not 
investigated [33]. gd T cell clones have been 
identified that respond to and control liv-
er-stage infection [34,35]. There is also clear 
evidence of gd T cell activation during blood-
stage infection and iRBC killing via gran-
ulysin secretion and/or phagocytosis [36]. 
Macrophages play an important role in the 
innate immune response to malaria sporo-
zoites, as they may be a gateway for sporo-
zoites to pass the sinusoidal barrier in order to 
infect hepatocytes. Specialized tissue-resident 
hepatic macrophages called Kupffer cells line 
the sinusoidal endothelial wall and interact 
with sporozoites either through endocytosis 
or via direct cell invasion by the sporozoite 
(Figure 2). Sporozoites actively invade Kupffer 
cells via CD68 (Figure 2), which allows them 
to pass through the sinusoidal wall and infect 
hepatocytes [37]. Sporozoite infection studies 
in vitro demonstrate that Kupffer cells pro-
duce a myriad of cytokines, including Th1 
(IFN-g, IL-2, and IL-12), Th2 (IL-4 and 
IL-5), and the Th17 cytokine IL-17A [38]. 

Plasmodium spp. are highly adept at avoid-
ing the immune system at every stage of the 
parasite life cycle. Sporozoites can drive an 
anti-inflammatory program in macrophages 
causing an increase in IL-10 expression and 
dampened responses to external stimuli, 
reducing IL-12, TNF-a, IL-6 and MCP-1 
expression, and downregulating MHC I 
presentation [39–41]. Moreover, infection of 
human skin antigen-presenting cells leads 
to the induction of a regulatory phenotype 
resulting in the priming of CD8 T cells with 
poor function [42]. These studies highlight 
the ability of Plasmodium sporozoites to 
evade and manipulate the immune system to 
prevent liver-stage immune responses. Once 
merozoites break out of the liver and start 
infecting the blood they become virtually 
invisible to CD8 T cells, as erythrocytes do 
not express MHC I. 

The development of humoral immunity 
against the highly defined circumsporozoite 

protein (CSP) in malaria-endemic areas is 
very inefficient following infection [43,44]. 
Furthermore, humoral immunity that 
reduces symptomatic malaria during blood-
stage infection requires years of exposure. 
Sterile immunity, which is needed to prevent 
liver-stage infection prior to initiation or 
before progression to blood stage infection, 
almost never occurs. Additionally, blood-
stage infection inhibits humoral immunity 
to the liver-stage infection, via mechanisms 
that have been characterized in  vivo [45]. 
Blood-stage infection generates an inflamma-
tory response that leads to IFN-g production 
and release of CXCL9/CXCL10 chemokines. 
These chemokines disrupt germinal center 
formation, a transient process that is essen-
tial for humoral immunity. Blood stage infec-
tion therefore broadly inhibits the generation 
of effective humoral immunity. In contrast, 
if the development of blood-stage malaria is 
blocked, via use of the genetically attenuated 
sporozoite (Fabb/f - ) that arrests at the liver 
stage, increased CXCL13 and CCL21 pro-
duction, greater germinal center formation, 
and enhanced memory B  cell and antibody 
responses are observed. These data indicate 
that effective humoral immunity to liver-stage 
expressed antigens would be generated if the 
parasites are prevented from progressing to 
blood stage infection. Prevention of blood-
stage infection using anti-microbials such 
as atovaquone could also prevent impaired 
B cell responses. 

Controlled human malaria infection 
(CHMI) studies, in which volunteers are 
exposed to malaria (via infected mosqui-
tos bite or via injection of sporozoites of 
iRBCs) followed by treatment with antima-
larial drugs, have been essential in study-
ing vaccine efficacy and the interactions of 
Plasmodium with the human immune sys-
tem. Antibody subclasses IgG1 and IgG3 
(high affinity with FcgRI or CD64 expressed 
by macrophages and dendritic cells) against 
CSP, have the highest association with pro-
tection from liver-stage infection [44,46,47]. 
In addition, Pf-specific-IgG, FcgR expression 
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and monocyte activation also correlate with 
immunity and low parasite burden in the 
blood [48,49]. 

CSP and thrombospondin-related anony-
mous protein (TRAP) are expressed on the 
cell surface of sporozoites and are essential 
for sporozoite trafficking and infection of 
hepatocytes [50]. CSP contains three major 
domains: the N-terminal domain, central 
repeat domain and C-terminal domain. 
Within the N-terminal domain is a hepa-
rin sulfate proteoglycan (HSPG)-binding 
domain, which facilitates hepatocyte infec-
tion (Figure 2). Upon binding to HSPGs on 
hepatocytes, the sporozoite receives signals to 
halt trafficking [51]. The N-terminal domain 
of CSP undergoes proteolytic cleavage in the 
site just downstream of the HSPG-binding 
domain. In malaria-endemic areas, acquisi-
tion of anti-CSP IgG antibodies, in particu-
lar those targeting the central repeat (NANP) 
domain are associated with natural immunity 
and can mediate complement activation and 
sporozoite killing in vitro [44]. Various stud-
ies have investigated the role of antibodies to 
the N-terminal domain by generating and 
testing monoclonal antibodies (mAb), which 
has garnered mixed results. The 5D5 mAb 
is specific to the HSPG-binding/cleavage 
sequence region, inhibits proteolytic cleav-
age of the P.  falciparum CSP and infection 
of mice by recombinantly expressing Pf CSP 
P. berghei sporozoites (Figure 2) [52]. Thai and 
colleagues found that the binding efficiency 
of 5D5 was much lower than that of the 
1210 mAb (central repeat domain specific), 
which may be due lower relative epitope 
frequency [53]. It is worth noting that the 
combination of both 5D5 and 1210  mAbs 
had additive inhibitory effects [52,54]. 
Conversely, the C-terminal domain-specific 
mAb 1710 has failed to show any inhibitory 
efficacy [53,54]. Further studies are required 
to confirm the contribution of N-terminal 
domain-specific antibodies to protection 
and compare with that of the central repeat 
domain-specific antibodies. 

PROTEIN SUBUNIT VACCINES

Since CSP was validated as a vaccine target 
for generating humoral immunity to pre-
vent liver-stage infection [55], many vaccine 
strategies have been pursued using this anti-
gen. The recently approved protein subunit 
vaccine RTS,S/AS01 (Mosquirix™) contains 
a CSP central repeat and T cell domains 
fused to the HBsAg protein in a virus-like 
particle (VLP) delivery vehicle, with the 
AS01 adjuvant system, a liposomal formula-
tion of QS-21 and monophosphoryl lipid A 
(MPLA). The RTS antigen contains 19 out 
of the 43 repeating NANP motifs within 
the central repeat domain, the T cell epi-
tope containing C-terminal domain and 
no N-terminal domain. This fusion protein 
is produced via recombinant expression in 
yeast, alongside unmodified HBsAg protein, 
and formed as a mixture of both proteins to 
generate VLPs. Four doses of the vaccine have 
moderate efficacy in preventing malaria infec-
tion, with 30% vaccine efficacy after 1  year 
and 5–10% after 4  years [56–59]. Although 
the efficacy is low and the immunological 
memory is short-lived, this was a huge mile-
stone in lowering deaths and disease burden 
caused by malaria. CSP-specific IgG, which 
prevents sporozoite invasion of hepato-
cytes, is the strongest predictor of protection 
associated with RTS,S/AS01 vaccination. 
CD4+ T cell responses to the conserved epi-
topes with the C-terminal T  cell domain is 
the second strongest predictor of protection 
[60]. IFN-g+ CSP-specific-CD4+ T cells were 
also highly correlative of protection from the 
RTS,S/AS02 (MPLA and QS-21 in oil-in-
water emulsion) vaccine [61]. Furthermore, 
in the context of CHMI studies, a population 
of IFN-g-producing CD161+  CD4+  T  cells 
was associated with protection from malaria 
[49]. Further developments to this vac-
cine strategy include removal of the native 
HBsAg protein from the VLP, leaving only 
the RTS fusion protein to increase the anti-
gen display on the VLP, and a new adjuvant 
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formulation containing QS-21, cholesterol, 
and phospholipid nanoparticles, now called 
R21/Matrix-M. In both the Phase 2 and 3 clin-
ical trials the R21/Matrix-M vaccine reached 
a superior vaccine efficacy of 75% in chil-
dren aged 5–36  months [62,63]. However, 
the younger age group (5–17 months) had a 
higher anti-NANP IgG titer and vaccine effi-
cacy than the older group (18–36 months), 
which may be due to higher blood-stage 
exposure of the older age group. Furthermore, 
long-term memory has yet to be determined 
from the phase III cohort. 

ATTENUATED WHOLE-PARASITE 
VACCINES

The first vaccine against malaria was developed 
in the mid-1900s using RAS, also known as the 
Plasmodium falciparum sporozoite (PfSPZ) 
vaccine. The process of gamma-radiation 

renders the sporozoites unable to develop 
past the liver-stage of infection, inducing 
a liver-specific immune response without 
causing blood-stage infection. Following 
development of scalable methods for asep-
tic purification and cryopreservation of the 
RAS vaccine by Stephen Hoffman and col-
leagues at Sanaria Inc, the vaccine was tested 
for safety and efficacy in Phase  1/2a trials. 
Intravenous administration of four doses of 
105 g-irradiated sporozoites was well tolerated 
and showed no signs of breakthrough infec-
tions [64]. Vaccination-induced anti-sporo-
zoite antibodies, CD4+ and CD8+  T  cells, 
which were greater in number in protected 
individuals. Intravenous administration 
of four doses of the RAS vaccine generated 
Pf-specific CD8+  T  cells that were associ-
ated with protection (55% following CHMI 
after 3  weeks), and provided protection for 
five individuals rechallenged 59  weeks after 

 f FIGURE 2
Liver sinusoid and sporozoite interaction with Kupffer cell and hepatocytes. 
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Sporozoites reach the liver and enter sinusoidal vessels. Interactions with Kupffer cells can occur through the Fc receptor (CD64) and anti-CSP 
(e.g., anti-NANP) antibodies, resulting in phagocytosis. Kupffer cells also express CD68, which is reported to be exploited by the sporozoite 
for cell invasion. These sporozoites can pass the sinusoidal endothelial barrier and infect hepatocytes. Hepatocytes express the heparin sulfate 
proteoglycan receptor, sporozoites interact with hepatocyte membrane via CSP and invade the cell. CSP-specific antibodies (e.g., anti-NANP or 
anti-N-terminus) block this interaction and prevent infection of hepatocytes. Created with Biorender®. 
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immunization [65]. A field trial with adult 
volunteers in Mali, demonstrated safety and 
modest efficacy (30%) at 20 weeks after vac-
cination [66]. A Phase 1/2a clinical trial with 
infants (6–12  months and 1–5  years), chil-
dren (6–17 years), and adults (18–45 years) 
in Tanzania showed anti-PfCSP antibody 
responses were lower in older cohorts and 
lower in individuals in Tanzania compared 
to a parallel trial of adults in the USA [67]. 
Comparison of the anti-PfCSP antibody 
responses from trials in the USA, Mali, 
Tanzania and Equatorial Guinea further 
demonstrated lower antibody responses in the 
malaria endemic areas in Africa compared to 
unexposed individuals in the USA [68]. This 
may be due to previous malaria exposure and 
red blood cell infection in adults in malar-
ia-endemic areas [45,69]. In the Tanzania trial, 
all groups except infants (6 months–5 years), 
had increases in Pf-specific CD8+ T cells after 
one dose. However, CD8+  T  cell responses 
increased in 1–5-year-olds only after three 
doses. Although CD8+ T  cell responses did 
not increase in adults further than the levels 
reached after one dose. The lower response 
in infants has been attributed to lower num-
bers of gd  T  cells in infants [70]. The RAS 
vaccine in a Phase 2 clinical trial with infants 
(5–12  months) in western Kenya showed 
no vaccine efficacy after the 6-month trial 
endpoint despite high anti-PfCSP antibody 
responses. This is probably due to the absence 
of T  cell responses, which was attributed 
to a low frequency of Vg9Vd2+  T  cells in 
infants [71]. Another confounding factor 
of this study is that the vaccine immuniza-
tions continued into the malaria season and 
many infants in the trial had documented 
parasitemia. These results are suggestive of 
an importance for gd T  cells in the efficacy 
of RAS vaccination. In another clinical trial, 
RAS vaccination caused gd T cell activation 
and expansion that was correlated with pro-
tection [64]. Increases in NKT and gd T cells 
were also observed in malaria-exposed indi-
viduals from endemic areas of Africa [49]. 
Furthermore, gd T cells have been associated 

with IFN-g production and malaria protec-
tion in individuals in Papua New Guinea 
[72]. However, in mouse models gd  T  cells 
are essential only in CD8  T  cell induction 
and protection but not anti-CSP IgG [73]. 
Activation of gd  T  cells led to CD8a+ DC 
accumulation in the liver and CD8+  T  cell 
expansion, further highlighting the impor-
tance of gd T  cells and CD8+ T cells in the 
efficacy of RAS vaccination [74]. 

Despite these setbacks, whole-sporozoite 
vaccines have the potential to elicit broad 
immune responses with cellular and humoral 
immunity against multiple antigens. In par-
ticular, CD8+  T  cells induced by the RAS 
vaccine can target antigens conserved across 
strains, in contrast to antibodies towards 
polymorphic antigens, such as CSP [75,76]. 
However, there are discrepancies in the het-
erologous protection conferred by RAS 
between studies, as one study demonstrated a 
low efficacy of 10% at a 24-week time point 
compared to 70% in a homologous challenge 
setting [77]. Furthermore, Sanaria Inc. have 
tested multi-dose priming with the aim of 
enhancing the CD8+ T cell response, admin-
istering four low doses (4.5 × 105) within 
1 week to prolong the time that CD8 T cells 
get primed and boosting 16 weeks later. This 
regimen generated 40% efficacy against het-
erologous challenge compared to the standard 
8-week, 3-dose regimen of 9 × 105 or 1.8 × 106 
achieving 20% and 23%, respectively [78]. 
However, in a clinical trial in the malaria-en-
demic Equatorial Guinea, the multi-dose 
priming regimen did not reach significant 
vaccine efficacy [79]. Only the regimen with 
vaccine administration on days 1, 9 and 29 
reached a vaccine efficacy of 40%. The focus 
towards vaccination regimens that enhance 
CD8  T  cell responses may have improved 
efficacy compared to previous larger field tri-
als, but the efficacy is much lower than the 
desired efficacy of 90%. Furthermore, previ-
ous blood-stage infection and low gd T cell 
frequencies in infants are likely to impact the 
efficacy of this vaccine platform and represent 
significant issues that need to be overcome to 
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improve the translatability of whole-sporo-
zoite vaccines. 

Genetically attenuated parasite (GAP) 
vaccines utilize sporozoites that have been 
engineered to infect the liver but not repli-
cate further into merozoites, therefore arrest-
ing the infection in the liver. The advantage 
of this approach is that all the relevant anti-
gens are present, eliciting a broad immune 
response (humoral and cellular) to many anti-
gens. This contrasts RAS vaccination, where 
only early liver-stage antigens are expressed, 
as parasites do not progress fully through this 
stage. Genetic attenuation can be achieved 
by knocking out one or more essential genes 
in the progression of the next life cycle stage, 
and when compared to radiation attenuation 
results in more viable sporozoites, infecting 
more hepatocytes and increasing the antigen 
load. The differences between these vaccines 
were exemplified when comparing deletion 
of genes that arrest sporozoite replication in 
the early or late stages of hepatocyte infec-
tion to RAS vaccination. Deletion of sporo-
zoite asparagine-rich protein 1 (SAP1), which 
arrests the sporozoites before substantial rep-
lication was less effective than deletion of the 
FabB/F gene that plays an essential role in 
type  II fatty acid biosynthesis in the apico-
plast of the parasite during the late (schizont) 
stage. Both GAP vaccines were more effective 
than RAS vaccination after a single dose but 
the fabb/f -  GAP was more effective than the 
sap1- GAP or RAS vaccination in a homol-
ogous boosting regime designed to provide 
CD8+  T  cell-mediated immunity [80]. A 
triple knockout (Pf p52 -/p36 -/sap1-) GAP 
vaccine could provide sterile protection after 
two doses in mice and was well tolerated in 
a Phase 1 clinical trial [81]. Another double 
knockout GAP vaccine has been through a 
Phase  1/2a clinical trial with positive safety 
and modest efficacy [82]. An analogous strat-
egy is using rodent malaria (P. berghei), which 
is naturally attenuated, and genetic engi-
neering to introduce the PfCSP gene [83]. 
These GAP vaccine trials all utilized intrave-
nous administration of sporozoites and have 

demonstrated promising results in small clin-
ical trials with malaria-naïve individuals, but 
the true test will be the Phase 2/2b trials in 
malaria-endemic areas. Overall, GAP vaccines 
are promising whole sporozoite vaccine strat-
egies that have demonstrated modest efficacy 
at lower doses than the RAS vaccine. This is 
in part due to the greater parasite viability of 
sporozoites attenuated genetically compared 
to non-replicating radiation attenuated spo-
rozoites. While there has been concerns of 
potential breakthrough infections from GAP 
vaccination, attenuation by knocking out 
multiple genes will likely reduce this risk and 
increase safety. Furthermore, development of 
GAP vaccines that arrest in the late phase of 
liver-stage infection, such as the fabb/f -  GAP 
vaccine may generate CD8 T cells responses 
to early and late-stage antigens. 

Finally, chemically attenuated sporozoites 
involve co-administration of an anti-malarial 
(such as chloroquine), which prevents blood-
stage infection, but allows for liver-stage 
growth therefore eliciting a liver stage-specific 
immune response, including anti-CSP anti-
bodies [84]. Chemoprophylactic sporozoite 
(CPS) immunizations, also called PfSPZ-
CVac, have been tested using either chlo-
roquine or pyrimethamine in a Phase 1/2a 
trial with malaria-naïve individuals, and were 
both found to provide sterile protection from 
CHMI three months after immunization. 
Chloroquine prophylaxis was more effective 
than pyrimethamine, as chloroquine kills the 
parasites at the blood-stage infection while 
the latter affects the liver-stage infection. 
The difference in the responses is likely due 
to longer viability and replication in the liver 
for chloroquine treatment than that observed 
with pyrimethamine treatment. PfSPZ-CVac 
immunization also expanded Vg9Vd2+ T cells 
and anti-PfCSP antibodies were higher in 
protected individuals. Although chloroquine 
was more effective at providing sterile immu-
nity in malaria naïve individuals than pyri-
methamine prophylaxis, it has a lower safety 
profile as blood-stage infection still occurs. 
However, why immunity does not arise in 
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individuals who have blood-stage infection 
and treatment with anti-malarials is still an 
open question. It is possible that the observed 
sterile protection from CPS immunization 
in CHMI trials with malaria-naïve individu-
als, may not translate to malaria-experienced 
individuals. In malaria-naïve individuals, 
PfSPZ-CVac (chloroquine) induced pro-in-
flammatory CD40L+  CD4+  T  cells against 
iRBCs that may contribute to immunity 
[85]. In this study, CSP-specific antibodies 
peaked after two doses, with no increase after 
the third dose. Another trial demonstrated 
how blood-stage infection can reduce effi-
cacy of PfSPZ-CVac (chloroquine) immu-
nization [86]. Seven-day intervals between 
intravenous PfSPZ administration caused a 
blood-stage infection period while the sub-
sequent dose was administered, which com-
pletely abrogated the efficacy. Shortening the 
period between doses to 5  days solved this 
issue, resulting in ~75% vaccine efficacy from 
CHMI challenge ten weeks after final immu-
nization. The dosage of sporozoites is lower 
again in the chemically attenuated sporozoite 
vaccine compared to RAS and GAP vaccines. 
However, the risk of breakthrough infections 
is also increased, as demonstrated in these 
clinical trials. 

One of the limitations of the attenuated 
sporozoite vaccines is that, to have efficacy, 
they need intravenous administration [64,65]. 
Another drawback of RAS vaccination, as 
well as other attenuated sporozoite-based 
vaccines, is their complex manufacturing 
requirements, particularly at scale. This is due 
to the need to extract sporozoites from the 
salivary glands of mosquitos and the attenu-
ation process, which lowers the virulence of 
the parasite, and in turn necessitates many 
high doses of sporozoites (105,106 for  intra-
venous or 106 for intramuscular administra-
tion), increasing the scalability difficulties 
[64,65,67,82]. Furthermore, storage is another 
logistical issue as maintenance of sporozoite 
viability requires cryopreservation in liquid 
nitrogen (−150°C to −196°C), which creates 
limitations for vaccine deployment. While 

previous malaria infection is believed to be 
the main reason for the decreased efficacy of 
the RAS vaccine in malaria-endemic areas, 
whether this effect will apply to GAP and 
CPS vaccines is not clear. 

AN ARGUMENT FOR AIMING  
FOR CD8+ T CELL IMMUNITY

While antibody-based vaccines against the 
CSP antigen have proven effective and the 
modest protection provided by the RTS vac-
cine has reached the level required for approval 
and initiation of mass vaccination programs, 
there are limits to the antibody-based vaccine 
approach. Firstly, as previously discussed, 
the blood-stage infection will affect most 
people by the time they reach 2 years of age 
in malaria-endemic areas, and impairs the 
CSP-specific B  cell responses to vaccination 
in mice, a factor that may also be important 
in humans [45]. There may also be inherent 
limitations to targeting antibody-based anti-
gens (i.e., CSP) due to the low number of 
B cell epitopes in the central repeat domain. 
One study identified a possible mechanism 
for poor recall responses and boosting of 
CSP-specific B  cells that led to the plateau 
of antibody levels against the immunodom-
inant central repeat domain B  cell epitopes 
after two doses of the RAS vaccine [87]. In 
this study, the researchers found that the 
antibodies blocked memory B  cell binding 
and activation towards these epitopes, and 
the level at which this blocking occurred was 
below the levels required for protection. This 
may explain the poor memory and waning 
anti-CSP antibodies observed in the field, 
requiring boosters every year. Lastly, the time 
at which antibodies can act against sporo-
zoites before they reach the liver is within 
minutes to hours from exposure. However, 
CD8+ T cells can target infected hepatocytes, 
providing a window of days to weeks for effi-
cacy. Growing interest in vaccines utilizing 
T cell immunity, particularly CD8+  T  cell 
responses, has led to potential new vaccina-
tion strategies [88]. 



ISSN: 2752-5422; Published by BioInsights Publishing Ltd, London, UK  

EXPERT INSIGHT 

  153

The liver-stage of infection is a major 
bottleneck of the parasite’s lifecycle (low 
parasite burden and long incubation time, 
i.e., 7  days in humans, 2–3  days in mice) 
and with the ability of infected hepatocytes 
to present pathogen-derived antigens on 
MHC  I, CD8+  T  cells have the potential 
to clear malaria infection before it reaches 
the blood. Memory CD8+ T cells generated 
against the CSP252 epitope by epitope-loaded 
dendritic cells (DCs) or CSP252-expressing 
L. monocytogenes, provided protection against 
P.  berghei in mice [89]. However, complete 
sterile protection was only achieved by induc-
ing large numbers of memory CD8+ T cells 
(i.e., >106/spleen) using heterologous boost-
ing with both vaccine strategies. Following 
evidence that RAS vaccination can produce 
memory CD8+ T cells that protect mice from 
malaria [90–93], various research groups have 
been exploring vaccination strategies that can 
provide CD8+  T  cell-mediated protection 
from malaria. Viral vector vaccination strat-
egies have been employed, encoding antigens 
(i.e., TRAP) as a transgene, to generate anti-
body and CD8+ T cell responses. Because of 
the effect that anti-vector antibodies have on 
the efficacy of viral vectored vaccines, heter-
ologous boosting with chimpanzee adenovi-
rus (ChAd63) and modified vaccinia Ankara 
(MVA) vectors were tested. However, in Phase 
1/2a clinical trials, intramuscular vaccination 
provided sterile protection in only 21% of 
malaria-naïve individuals after three doses 
and a 2–3-week period before challenge [94]. 
A Phase 2 field trial with healthy adults (aged 
18–50  years) in Kenya followed vaccinated 
patients for 8  weeks after vaccination and 
antimicrobe treatment, and saw 67% vac-
cine efficacy [95]. However, the CD8 T cell 
responses to TRAP measured by intracellular 
staining for cytokines showed almost no dif-
ference to the control group. A parallel study 
in Senegal demonstrated low vaccine efficacy 
and taken together with the Kenya study the 
vaccine efficacy was 50% [96]. The results 
were affected by an unusually short malaria 
season, which resulted in the incidence of 

malaria being higher before the trial started, 
hampering assessment of vaccine efficacy. 
Another drawback is that antibodies gener-
ated against the MVA vector have detrimen-
tal effects on any additional boosts with the 
MVA vaccine. The virus needs to infect cells 
to express the transgene and elicit an immune 
response; however, neutralizing antibodies 
will inhibit this process. 

A subset of CD8+ liver-resident memory 
T (liver Trm) cells, are very adept at kill-
ing sporozoite-infected cells and preventing 
blood-stage infection [97]. As such, these 
T cells have become a focus in development 
of malaria vaccines. Trm cells are a special-
ized subset of memory T cells that reside 
permanently in peripheral tissues (i.e., liver, 
lung) and patrol these tissues for pathogens. 
Their location and behavior contrast with 
other memory T cell subsets, such as effector 
memory T  cells or central memory T  cells, 
which remain in the circulation of the lym-
phatic and vascular systems. The efficacy of 
the RAS vaccine is dependent on CD8+ liver 
Trm cells, making them ideal targets for vac-
cination strategies that aim to provide pro-
tection against liver stage parasites [97,98]. 
However, the generation of liver CD8+ Trm 
cells requires complicated vaccination strate-
gies, which both promote inflammation and 
target antigen expression to the liver [99]. 
This includes the ‘prime and trap’ vaccina-
tion strategy, which primes CD8 T cell with 
a CD8 epitope fused to an anti-Clec9A anti-
body to target DCs. This construct is injected 
with CpG (TLR9 agonist) as an adjuvant 
to activate DCs and generate inflammation. 
This process is followed by the ‘trap’, which 
is a liver-trophic recombinant adeno-associ-
ated virus that drives expression of the same 
CD8 epitope used in the Clec9A-targetted 
priming strategy, in hepatocytes [97,100]. 
This complex vaccination system provided 
the proof-of-principle requirements for effec-
tive liver Trm cell generation, being effective 
priming in the spleen, and then inflamma-
tion and antigen in the liver. Subsequent 
work from our team and collaborators lead to 
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the development of glycolipid-peptide con-
jugate vaccines, which include a glycolipid 
NKT cell agonist and a CD8+ T cell peptide 
epitope covalently attached via an immolative 
linker [101]. Testing of these vaccines revealed 
that the three requirements for liver Trm cell 
formation discussed above could be delivered 
in a single injection by utilizing the natural 
adjuvant properties of NKT cells to generate 
liver Trm cells that were capable and sufficient 
for providing sterile protection in mice [101]. 
NKT cells feature an invariant T cell recep-
tor and make up a large proportion of T cells 
when compared to conventional CD4+  or 
CD8+  ab  T  cells, particularly in the liver. 
When activated, they produce cytokines that 
promote liver inflammation, making their 
adjuvant properties ideal for liver Trm cell-
based vaccines. Our studies showed that in 
addition to generating large numbers of liver 
Trm cells, glycolipid-peptide vaccines gener-
ated liver Trm cells with a half-life of approx-
imately 14  months, compared to a half-life 
of 1 month for Trm cells generated via RAS 
vaccination [101]. One drawback for this 
peptide-based approach is that they are not 
directly translatable to humans due to HLA 
heterogeneity, which drives a need for multi-
ple peptide epitopes to be included in order 
to target a single protein antigen. 

As a further development, we recently 
showed that mRNA vaccines complexed with 
a cationic liposome delivery system, termed 
lipoplexes, with a glycolipid NKT cell adju-
vant, also promoted liver Trm generation 
[102]. The major advantage of using this 
mRNA approach is the ability to encode the 
entire protein antigen rather than minimal 
peptide epitopes. Furthermore, antigens that 
are difficult to express and purify for recom-
binant protein subunit vaccines, can easily 
be encoded in mRNA, and administered for 
the immune system to translate and process 
for CD8 T cell activation. This unlocks new 
possibilities in the range of antigens that can 
be targeted from the Plasmodium liver-stage 
infection to fully harness CD8  liver Trm 
cells. Additionally, we showed that inclusion 

of glycolipids with 6''-modifications were 
superior to aGalCer as liver Trm-generating 
adjuvants, and these vaccine formulations 
provided 80% protection from a single vac-
cine dose. An additional, potentially signifi-
cant advantage of this mRNA platform was 
that the liver Trm cell response was unaffected 
by previous blood-stage infection, when com-
pared to the response observed in previously 
blood-stage exposed and then RAS vacci-
nated mice. Nakamae and colleagues also 
reported an mRNA-LNP against the CSP 
antigen that generated CSP-specific liver Trm 
cells and provided sterile protection in 50% 
of mice following two doses [103]. Despite 
the removal of the NANP repeat domain of 
CSP, the activity of anti-CSP IgG cannot be 
ruled out, as the protection only had partial 
CD8  T  cell dependency. Overall, mRNA 
vaccines are a promising new strategy for vac-
cines against malaria in their ability to gener-
ate humoral and cellular immunity. 

These studies focusing on liver Trm cell 
generating vaccines have utilized model 
CD8 T cell antigens such as ovalbumin, CSP 
and the recently described liver-stage anti-
gen, ribosomal protein L6 (RPL6) [104]. This 
antigen is highly conserved among different 
P. falciparum strains, in comparison to TRAP, 
which is highly polymorphic. RPL6 and other 
epitopes have been identified via epitope-first 
approaches, which utilized TCR sequencing 
of CD8 T cells that respond to whole spo-
rozoite vaccination or through mass spec of 
peptides eluted from MHC I and the use of 
bioinformatic tools to find predicted epitopes 
within Plasmodium genes expressed during liv-
er-stage infection [105,106]. An antigen-first 
approach focused on conserved proteins that 
are expressed and exported during liver stage 
infection [107]. This includes the sporozoite, 
liver stage tryptophan-rich protein (SLTRiP) 
antigen, a highly conserved and immunogenic 
antigen that can provide protection from spo-
rozoite challenge following peptide vaccina-
tion of defined murine epitopes [108]. 

Now with two clinically approved vaccines 
for malaria in the last 5 years, there is room 
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PRECLINICAL AND CLINICAL RESEARCH

INTERVIEW

Enhancing vaccine trials across 
Europe and beyond

Charlotte Barker, Commissioning Editor, Vaccine Insights, 
speaks with Pierre Van Damme, Professor of Vaccinology and 
Infectious Diseases, University of Antwerp, about challenges 
and strategies for streamlining vaccine trials, the role of con-
trolled human infection models, and the importance of medical 
education in combatting vaccine hesitancy. 

Vaccine Insights 2024; 3(5), 171–179

DOI: 10.18609/vac.2024.029

 Q How did you first get involved in the vaccine field and how have 
your interests evolved?

PVD: My interest in preventing infectious diseases started when, as a young general 
practitioner in Antwerp, I began to encounter patients with HIV/AIDS. At that time, medical 
and therapeutic options were very limited and unfortunately I witnessed the deaths of many 
young homosexual men. I became interested in population health and embarked on a PhD in 
the prevention and transmission of hepatitis B within residents in mental institutions. 

At that time, GSK had developed the first hepatitis  B recombinant DNA vaccine and 
approached me to set up a study involving the institutionalized population. Around the same 
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time, GSK also approached my colleague Peter Piot to conduct a similar study with a cohort of 
men who have sex with men in Antwerp. These two pivotal studies demonstrated that the first 
recombinant DNA hepatitis B vaccine was safe, immunogenic, and protective. This experience 
further deepened my interest in vaccines, infectious disease prevention, and public health. 

Following my PhD studies, I established the Center for Evaluation of Vaccination at the 
University of Antwerp. Together with a team of nurses, doctors, project managers, and coor-
dinators, we began assessing a range of vaccines, including those targeting hepatitis A, HPV, 
and polio. I later became a Professor of Epidemiology of Infectious Diseases and Vaccinology, 
teaching the current and future generations of healthcare providers. 

 Q How much are healthcare providers typically taught about vaccines?

PVD: Unfortunately, vaccines and infectious disease prevention are treated as sec-
ondary in the academic curriculum at many European universities’ medical schools. This 
approach mirrors spending on infectious disease prevention in national healthcare budgets, 
often receiving less than 3% of the total budget. The more funding is invested in disease pre-
vention, the higher the return on investment will be in 10–20 years, but our politicians, hospi-
tal doctors, and deans of faculties need to pay more attention to infectious disease prevention 
and vaccinology in medical education, and to prevention in general. For example, we recently 
published the results of a survey we conducted across several countries involving various pro-
fessional and student groups, termed the Vaccine Training Barometer [1]. We found that phar-
macists, general practitioners, other healthcare providers, and students reported receiving little 
to no training in vaccinology. As a result, many healthcare providers feel unprepared to answer 
questions from patients or their caregivers, which can only exacerbate vaccine hesitancy in our 
society. This problem needs to be addressed because better education could make a huge differ-
ence: this should be reflected not only in medical educational programs but also in pharmacy, 
nursing, and midwifery curricula.

 Q What projects are you excited about right now?

PVD: Continuing the vaccine education theme, we have been working on a new ini-
tiative with the WHO’s European Office and colleagues at University of Antwerp to design 
a game called ‘Immune Patrol’. This digital game for children aged 10–12 years includes com-
ponents for both teachers and pupils. Modules cover topics in infectious diseases, such as how 
they spread, population or herd immunity, what vaccines are and how they work, and how to 
validate information. The game is now being used in several countries and has been translated 
into multiple languages. Currently, we are piloting ‘Immune Patrol’ in French, Dutch, and 
German-speaking schools in Belgium. By the end of September, we expect to see the results of 



InterVIew 

  173ISSN: 2752-5422; Published by BioInsights Publishing Ltd, London, UK  

this trial, and our goal is to present these findings to the Minister of Education and propose 
implementing this program in all schools nationwide. 

Secondly, a significant part of my work is dedicated to improving and accelerating the con-
duct of vaccine trials, both within our country and internationally. We are seeing a range of 
novel vaccines emerging from various pipelines, and it is crucial to understand what is in devel-
opment and how to address these vaccines, so they can be registered rapidly. This is particularly 
important for preparing for future pandemics, especially if we can accelerate and simplify the 
whole process.  

I believe the model for the future is to identify and bring together expertise, both within 
and outside the country, rather than duplicate each other’s efforts. This is one of the key lessons 
from the COVID-19 pandemic—in order to succeed, we must foster collaboration, which 
includes combining regional, national, and European/global expertise and nurturing extensive 
communication, trust, and transparency. 

This approach has been put into practice in a project called MusiCC, which involves col-
laboration of Belgian teams with the UK, USA, Singapore, and the Netherlands. MusiCC 
is a CEPI/Health Emergency Preparedness and Response Authority consortium focused on 
mucosal immunity in human coronavirus infections. The goal of this project is to support the 
development of the next-generation nasal or inhalation COVID-19 vaccines, specifically by 
examining how vaccines can block transmission via mucosal immunity. 

We will use controlled human infection models (CHIMs), leveraging facilities in the UK, 
USA, Belgium, the Netherlands, and Singapore. The project will operate in parallel across 
these locations to increase the capacity and accelerate assessments. We will vaccinate a popu-
lation with these vaccine candidates and also include a placebo group. Both groups will then 
be exposed to a challenge agent to determine if the vaccine not only provides protection 
against disease but also interferes with the transmission. This approach aims to control upper 
respiratory tract infections on a larger scale, which will hopefully have a major impact on 
future pandemics. For example, the next generation of vaccine candidates for flu and RSV 
will hopefully focus not just on individual protection but also on preventing transmission 
in communities.

Finally, we have our clinical trial facility, Vaccinopolis, supported by both the Belgian and 
Flemish governments. This relatively new campus facility allows us to conduct vaccine trials 
from Phase 1 through Phase 4, as well as CHIM studies. During the pandemic, we also received 
support to collaborate with the Université Libre de Bruxelles and Arnaud Marchant to establish 
the virtual European Plotkin Institute for Vaccinology that connects two research teams from 
different universities. While we handle the conduct of trials, the other research team focuses on 
immunoassays and other experimental immunological studies in their laboratory.

“...the model for the future is to identify and bring  
together expertise, both within and outside the country,  

rather than duplicate each other’s efforts.”
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 Q The VACCELERATE Consortium held a workshop last year on 
adaptive platform trial methodology—how could this concept be 
implemented for vaccine clinical trials going forward?

PVD: During the VACCELERATE Consortium workshop [2], we aimed to unite exper-
tise in vaccine trial sites and vaccine assessment. Coordinating this during the COVID-19 
pandemic was challenging, but we learned many lessons from this project and discussed several 
key challenges. 

Firstly, vaccine trials are very different from therapeutic trials. Researchers who are accus-
tomed to conducting therapeutic trials may assume they can easily transition to vaccine tri-
als, but vaccine trials require specialized laboratories to analyze immunological readouts. This 
necessitates standardization, harmonization, and validation over different laboratories, which 
is challenging, but so needed.  

Secondly, the study participants of vaccine trials are mostly healthy volunteers, and would 
ideally be immunologically naïve, which is especially challenging for widespread conditions 
such as COVID-19. 

Another key discussion point was how to accelerate the conduct of vaccine trials by utiliz-
ing adaptive design, common in therapeutic trials. Adaptive design allows for the activation 
or design of multiple arms within a protocol. These arms are approved in advance, enabling 
informed decisions about whether to continue certain arms, adjust sample sizes, add new trial 
arms, or include specific populations later in the vaccine trial. For example, the elderly and 
pregnant women are often excluded from vaccine trials. Utilizing adaptive design allows for 
adding new trial arms for these specific groups if initial Phase 1 and Phase 2 data on safety are 
promising. 

On a similar vein, an important strategy for improving pandemic preparedness is to develop 
template protocols during inter-pandemic periods. These protocols could be pre-approved by 
the European agency and ethics committees. Since many aspects, such as vaccine composition 
or platforms, are likely to remain consistent, this approach could significantly accelerate the 
entire process. In addition, in the interpandemic period companies and research institutions 
should be able to explore research questions, such as vaccine combinations and co-administra-
tion, different schedules, and methods of administration, in greater detail than may be possible 
when facing an urgent pandemic threat.

“Researchers who are accustomed to conducting  
therapeutic trials may assume they can easily transition  
to vaccine trials, but vaccine trials require specialized  

laboratories to analyze immunological readouts.”
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 Q How is the role of CHIM trials evolving? 

PVD: So far, only a limited number of vaccines have been approved through CHIM 
studies, with the cholera vaccine being one example. However, we have seen advances in the 
utilization of CHIM, especially in the UK during the COVID-19 pandemic. While these tri-
als did not necessarily lead to immediate clinical applications, they have greatly enhanced our 
understanding of infectious diseases and could accelerate the selection of prototype vaccines 
in the future. 

Instead of recruiting tens of thousands of participants to a randomized controlled trial that 
might end up proving the vaccine ineffective, a much smaller CHIM-based trial could help to 
determine whether a vaccine candidate shows promise early on, saving time and money. 

Another advantage of a CHIM study is its ability to provide better documentation for vac-
cines against various pathogens. Field trials for pan-coronavirus or pan-influenza vaccines are 
challenging because the circulating strains are often unpredictable. However, CHIM trials 
allow for exposing volunteers to specific challenge agents, such as H2N3, H5N1, and H1N1, 
and evaluate whether the vaccine offers protection against these variants. 

CHIM trials can also be used to study transmission by mimicking a household setting 
within a contained environment. These controlled settings minimize the risks to the envi-
ronment and volunteers, allowing researchers to assess whether a vaccine effectively blocks 
transmission. Ethics committees closely assess these practices, but the concept is to create an 
‘artificial epidemic’ within a fully contained facility to document individual protection and 
transmission blocking potential. This approach will allow researchers to explore new endpoints 
related to mucosal immunity and test them to determine what correlates best with protection. 

Overall, adaptive design trials and prototype vaccine documentation open numerous new 
opportunities. The next step is to ensure that the EMA and Ethics Committees is also aligned 
with this evolution of CHIM trials, so we will have many meetings and constant communica-
tion with the regulators to clarify the risks involved, how they are mitigated, and the data we 
aim to generate. It is important that these data can also be used in approval, registration, and 
license packages by companies or research institutions. 

 Q What challenges arise in the availability, source, and origin of 
pathogen strains for CHIM studies?

PVD: First and foremost, the number of currently available challenge agents/patho-
gen strains in the public domain is limited. Additionally, some challenge agents are restricted 
to private domains, making them more expensive. Therefore, it is crucial to set up a library 
of challenge agents, and we are currently working on this alongside colleagues. The goal is to 
create a publicly available library of challenge agents for researchers, ensuring that these agents 
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are standardized in terms of dose, characteristics, preparation, and GMP. This standardization 
is essential for comparing results across different CHIM studies. 

We are currently in an inter-pandemic period—an ideal time to build a bank of challenge 
agents and seek support from governments, organizations such as CEPI and Bill & Melinda 
Gates Foundation, and potentially private companies. 

A further goal is to conduct modeling studies to determine the appropriate concentrations 
and dosages of challenge agents that trigger an infection, and sufficient attack rate without 
causing severe disease. 

 Q What challenges have been raised by the new European Clinical 
Trial Regulation and how can the EU retain a robust clinical trial 
ecosystem?

PVD: The new Clinical Trial Regulation aims to harmonize and centralize clinical trial 
procedures across EU countries. This is a rational and important goal, and this initiative is 
fantastic. However, in practice, it has led to a tripling in the time needed to get the approval 
to conduct a clinical trial. This means that many companies are now choosing not to do trials 
in EU countries and instead go in search of faster processes elsewhere. While Europe offers 
competitive quality and price, the speed of the process is just as important. 

It is essential to maintain and enhance the European vaccines ecosystem, which encompasses 
manufacturing, small and medium-sized biotech companies, diagnostics, and academic part-
ners. This unique ecosystem could lose some of these key players if we do not find a way to work 
more efficiently with the European Commission and streamline the approval mechanisms. 

This could be improved by centralizing the information system between regulatory, ethics 
and research bodies. Sometimes questions can quickly be answered by the principal investiga-
tor or the research team, but the distance between decision-makers and those who are drafting 
the questions is much longer than it used to be in the past, when local relationships with 
investigators and familiarity with facilities helped expedite processes. Now, everything needs 
to be checked, which is important but time-consuming. Therefore, finding ways to shorten 
these communication lines is one of the priorities. Moreover, vaccine trials often have unique 
demands, such as recruiting a larger number of healthy volunteers and spanning multiple 
countries and sites, which adds more complexity. 

 Q What is the most important recent innovation in the vaccines 
development field, and why? 

PVD: The most essential development, in my view, is on the one hand the growing role 
CHIM studies will play in the future in the assessment of prototype vaccines and monoclonal 
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antibodies, and on the other hand the increasing focus on mucosal immunity, which was 
often under-examined and under-assessed due to other priorities. While it is amazing to 
witness the launch of successful pertussis and influenza vaccines, we could pay more attention 
to how the next-generation vaccines could block transmission. Some progress is already being 
made in the development of mucosal immunity-based vaccines, especially in the pertussis and 
hopefully COVID-19 field. 

The focus on mucosal immunity opens up new possibilities for public health. By under-
standing and harnessing mucosal immunity instead of just humoral or cellular immunity, we 
can potentially develop vaccines that not only protect individuals but also reduce transmission 
rates, which would also offer broader community protection. Consequently, correlates of pro-
tection will probably have to be redefined, taking mucosal immunity biomarkers into account.

Finally, the evolution of new ways of administering vaccines, intradermally as well as muco-
sal, are important innovations in the vaccine field.  We should not forget that it is not the 
vaccine that saves lives but the vaccination!

 Q What’s next for your work? 

PVD: The main focus for my whole team and I in the next 5–10 years will be, the con-
duct of Phase 1 and 2 adaptive design vaccinology trials and CHIM trials in the Vaccinopolis 
infrastructure at the University of Antwerp, to help accelerate the development of novel 
vaccines. 

My second focus will be underlining the importance of vaccinology in (para)medical 
education. 

And finally, transferring my duties, knowledge and expertise to my successor and team 
members, will be my third focus.
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Large animal virus challenge 
models in vaccine development: 
a One Health approach
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“Research on human infections that are 
not zoonotic is more difficult.  

However, large animal hosts often  
have viral infections that are closely 
related to virus species in humans...”

Information obtained from virus challenge models is necessary to inform vaccine design, 
development, and eventual vaccine trials. Large animals may offer a more relevant model of 
either zoonotic or equivalent virus infection than rodent species.
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Animal models of virus infections are highly 
important for understanding disease param-
eters, including clinical signs, pathology, 
and immune response, as well as virus–host 
pathogen dynamics. Information obtained 
from suitable challenge models is necessary 
to inform vaccine design, development and 
eventual vaccine trials. Many human and vet-
erinary virus vaccines are initially tested in 
rodents [1], which in most cases do not have 
an equivalent virus infection to the natural 
host. 

Studying virus infection and vaccination 
in the natural species is feasible for livestock 
such as cattle, sheep, and pigs and therefore 
the preferred choice as directly relevant data 
is obtained. For veterinary vaccines for live-
stock, it may be much more appropriate to 
go straight to trial in the natural host rather 
than use rodents where the immune response 
may differ significantly, and other factors can-
not be examined. For example, many small 
animal models have been used for foot and 
mouth disease viruses, but aspects such as 
virus carrier status and virus shedding can 
only be realistically examined in the natural 
host [2]. It may not be possible to use the 
challenge pathogen in another animal species 
due to non-permissive factors, such as lack of 
the virus receptor, or immunological factors 
that limit the infection. In such cases trans-
genic rodent models have been used, where 
human virus receptors are knocked in, or 
cytokine genes or receptors knocked out to 
allow infection, but this may not give a valid 
presentation of the disease. This is exempli-
fied by transgenic models for SARS-CoV-2 
[3]. 

For human infections, animal models 
should mimic the pathogenesis of the dis-
ease as closely as possible. If the disease is 
zoonotic, the most accurate information 
about the infection and efficacy of a vaccine 
may be obtained by using the natural ani-
mal host. This is a valid approach for many 
of the new and emerging zoonotic pathogens 
on the WHO list of priority virus diseases, 
e.g., Rift Valley Fever virus, Crimean-Congo 

hemorrhagic fever virus, Nipah virus, and 
Zika virus. This strategy also allows a One 
Health approach to designing and producing 
vaccines, preferably on the same technology 
platform, for both the animal and human 
host. 

Research on human infections that are not 
zoonotic is more difficult. However, large ani-
mal hosts often have viral infections that are 
closely related to virus species in humans, e.g., 
bovine respiratory syncytial virus (bRSV), 
bovine coronavirus (BCoV), influenza virus, 
parainfluenza viruses, and porcine rotavi-
rus. Clinical presentation, immune response 
and pathology may be similar to infection in 
humans with the equivalent human patho-
gen, e.g., BCoV in cattle is closely related to 
human coronavirus OC43. BCoV infects the 
respiratory and digestive organs of cattle and 
causes neonatal calf diarrhea, bloody diarrhea 
in adult cattle, and respiratory symptoms [4]. 
Approximately 30% of animals with BCoV 
infection can be asymptomatic but act as 
reservoirs of infection. Affected cattle have 
a range of clinical signs from mild respira-
tory symptoms to severe pneumonia and/or 
diarrhea [4,5]. This has strong correlates to 
SARS-CoV-2, which also has a wide diversity 
in clinical respiratory signs and up to 28% 
of patients developing gastrointestinal symp-
toms with or without other symptoms [6]. 

bRSV also closely parallels the clinical pic-
ture for human RSV (hRSV). This includes 
nasal discharge, abnormal lung sounds, dys-
pnea, fever, hypoxia, and cough with severe 
infection, interstitial pneumonia, and bron-
chiolitis. Studies in human infants are restric-
tive due to both ethical and technical issues. 
As a natural pathogen of cattle, bRSV mimics 
hRSV pathogenesis more closely than exper-
imental infection of semi-permissive labora-
tory animals and is a useful model for vaccine 
trials [7]. Bovine and human parainfluenza 
viruses are also closely related [8], which 
would allow similar studies with this group of 
respiratory viruses. 

Developers may be reluctant to under-
take trials in large animals as they are more 
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expensive than rodent studies. However, the 
extra cost may be justified due to the relevance 
of the model and the wider set of data obtained 
as measurement of a larger number of parame-
ters is usually possible. The large size of calves, 
pigs, and sheep, even in neonates, allows for 
frequent collection of large volumes of blood 
and mucosal secretions (the latter to measure 
virus shedding and IgA). The large blood vol-
umes collected also allow peripheral blood 
mononuclear cell preparation and sera collec-
tion to facilitate multiple tests. Multiple sites 
in tissues can be sampled for diverse testing, 
from omics to immunohistology. As a non-in-
vasive process, ultrasound can be carried out 
throughout the study, particularly to moni-
tor lesion development in lung infections. In 
some cases, biopsies are also possible at several 
time points. These large sample preparations 
and other procedures would be impossible or 
limited in small animal models. Even if a virus 

challenge is not possible, an immunogenicity 
trial for a human vaccine may be feasible in a 
large animal with the advantages of sampling 
outlined above. 

In the Agri-food and Biosciences Institute 
we are developing (with Queen’s University 
Belfast) and trialing recombinant vaccines 
using new and established large animal virus 
challenge models. Current models include 
bRSV, bovine herpes virus 1, and parainflu-
enza 3 (under development). This has allowed 
genomic studies identifying the genes regu-
lated in the early response to the viral infec-
tion [9–11], which can be compared to the 
equivalent human infections. This approach 
is also being used to look at the early immune 
response to vaccines. Studies are also under-
way with collaborators to examine the effect 
on both the respiratory and gastro-intes-
tinal microbiome of vaccination and virus 
challenge. 
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One Health approaches to 
vaccine development in  
the post-pandemic era

Trina Racine, Director of Vaccine Development at the 
Vaccine and Infectious Disease Organization (VIDO), joins 
Charlotte Barker, Commissioning Editor, Vaccine Insights, to 
discuss the benefits of conducting animal and human vac-
cine research within one organization, prospects for a broadly 
protective coronavirus vaccine, and the importance of con-
sidering manufacturing needs right from the first phases of 
development.
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 Q What led you to focus your work on vaccine development?

TR: I completed my PhD in Molecular Virology, focusing on virus genetics. During that 
time, I saw numerous discoveries in my own and neighboring labs that had the potential to 
advance into clinical testing and eventually benefit people. However, the scientists overseeing 
these projects were primarily academic researchers, and unfamiliar with the processes required 
to move these discoveries forward. I wanted to help move scientific discoveries from the lab to 
the clinic.
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As a post doc, I had the opportunity run a Phase 1 clinical trial for a DNA-based vaccine. 
This experience served as the foundation for my current work, where I focus on understanding 
the development process and assisting early-stage academic discovery projects in progressing 
toward clinical development, and, hopefully, commercialization.

 Q What makes VIDO unique?

TR: The Vaccine and Infectious Disease Organization (VIDO) has been in existence for 
almost 50 years and originally started as the Veterinary Infectious Disease Organization, a 
spinoff from the University of Saskatchewan’s Western College of Veterinary Medicine. It 
was established to fill the need for a dedicated organization to develop vaccines for the livestock 
industry, in addition to studying the pathogenesis of circulating livestock pathogens.

It was in the early 2000s that the name of the organization was updated to reflect the expan-
sion of our research to human pathogens and the development of vaccines and therapeutics for 
them. For over 20 years, we have adopted a One Health approach to our research, focusing on 
the intersection of animal health, human health, and the environment, recognizing how deeply 
intertwined they are.

Over 70% of human pathogens have a zoonotic origin, so gaining a deeper understand-
ing of animal health and developing animal vaccines could prove critical for human health. 
This unique approach, which VIDO adopted more than two decades ago, has recently gained 
broader recognition in the vaccine development space.

 Q What are the benefits for researchers of combining human and 
animal research in one center?

TR: The dual knowledge of both animal and human health significantly enhances vaccine 
development efforts at VIDO. Insights can be drawn from both fields and applied cross-spe-
cies. Additionally, we are equipped with substantial containment infrastructure, operating 
Canada’s largest bio-containment facility. This allows for the development of a wide variety of 
animal models.

Our capability to develop animal models enables the testing of veterinary vaccines in the 
intended species, and human products in the most relevant animal models. While non-human 
primates are often the go-to species, they are not always the optimal choice, depending on the 
pathogen.

Before the pandemic, one of our scientists, Dr Darryl Falzarano, was working on a vaccine 
for camels to combat Middle East Respiratory Syndrome coronavirus (MERS-CoV), which 
has been circulating since 2012. Camels are known to be the reservoir for MERS, and while 
spillover events to humans are relatively rare, they are highly lethal, with a mortality rate of 
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33%. The goal was to develop a vaccine for camels, which could reduce or eliminate the need 
for a human vaccine by preventing zoonotic transmission. Our high-containment facilities 
allow us to work with such high-risk viruses. 

Dr Falzarano’s work on MERS-CoV provided him with extensive knowledge of coronavi-
ruses. When SARS-CoV-2 emerged, we were the first facility in Canada to isolate the virus 
due to our pre-existing experience and expertise. Building on the MERS vaccine design, we 
adapted it to create a SARS-CoV-2 vaccine which we then advanced into clinical trials. This 
pre-existing knowledge of a virus circulating in animals was instrumental in our ability to con-
tribute to Canada’s response to the pandemic.

 Q What projects are you excited about currently?

TR: Building on our work with the COVID-19 vaccine we brought to clinical trials, we 
are now developing a second-generation vaccine—a broadly protective coronavirus vac-
cine—with initial funding provided by CEPI. 

Progress on this project has been promising. We have identified a lead candidate that has 
demonstrated the ability to protect against SARS-CoV-2 and SARS-CoV-1, as well as generate 
neutralizing antibodies against various other sarbecoviruses. 

We also have several projects on the animal health side. For example, we are developing vac-
cines for bovine tuberculosis (TB) and bison TB. In Canada, we have reintroduced bison into 
our national parks. However, these bison are susceptible to TB and can potentially transmit 
the disease to nearby cattle. From an industry perspective, exporting TB-infected cattle would 
be highly detrimental as it could lead to trade restrictions and significant economic losses for 
Canada. If we can contain TB in animal species that are natural carriers, we might also help 
mitigate human TB, as they are likely spillover events that go unnoticed. By controlling the 
virus in its animal hosts, the risk of transmission to humans could be reduced.

Another project that we are working on is a vaccine for African swine fever, which affects 
pigs. Thankfully, it is not yet circulating in North America, but it has caused significant dev-
astation in Asia and Africa and has even been reported in Haiti. If it were to spread to North 
America, it could have serious economic consequences, as pork production and exports in 
Canada are worth billions of dollars annually. Moreover, we have a population of wild pigs that 
could become carriers of the virus, making containment extremely difficult. In the event of an 
outbreak, targeting infected animals in the wild is far more challenging than in a controlled 
farm environment. Proactive measures are being taken to prevent potential outbreaks.

“If we can contain tuberculosis in animal species that are  
natural carriers, we might also help mitigate human tuberculosis, 

as they are likely spillover events that go unnoticed.”
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 Q What are the biggest threats from zoonotic pathogens?

TR: Respiratory viruses are particularly concerning. For instance, highly pathogenic avian 
influenza has recently spread to dairy cattle in the USA and has subsequently been transmitted 
to several humans. With the upcoming fall migration season for birds, this situation is some-
thing to monitor closely. Due to our large containment facilities, we can study the pathogenesis 
of this virus in cattle and potentially develop a vaccine against it—something that many facil-
ities cannot do. We have been collaborating with partners in the USA on this research, which 
has been very productive.

Coronaviruses are another concern, given the number of different coronaviruses circulating 
in bat species and pangolins. There is always a risk of a new coronavirus emerging. 

Nipah virus, a level 4 pathogen, is another threat. It circulates in bats and has recently caused 
fatalities after zoonotic transmission to humans. Although transmission events are rare, they 
tend to be highly lethal when they do occur. As human populations grow and urbanization 
encroaches on forest areas, such spillover events are likely to increase. We must develop vac-
cines and therapeutics now to prepare for these emerging threats.

 Q Looking at the vaccine development field more broadly, what are 
the biggest priorities right now?

TR: Vaccine schedules are increasingly crowded. WHO currently recommends vacci-
nation against 13 different pathogens, with plans to increase this to 17. With that in mind, I 
believe an important focus should be on developing combination vaccines that protect against 
multiple viruses, rather than having a separate vaccine for each virus. 

Of course, there are already some combination vaccines available, such as DPT. However, 
people are experiencing fatigue with the increasing number of vaccinations. While immuniza-
tion was traditionally focused on children, it is now extending into adulthood, with vaccines 
for influenza, COVID-19, RSV, and more. Developing combination vaccines could increase 
uptake by making it more convenient.

However, creating combination vaccines is challenging, especially when combining vaccines 
that have not already been individually approved. In such cases, it is necessary to demonstrate 

“...an important focus should be on developing combination 
vaccines that protect against multiple viruses, rather  

than having a separate vaccine for each virus.”
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the safety, efficacy, and protective effect of each component as well as the combination. 
Additionally, it is important to show that the combination does not diminish the effectiveness 
of any individual vaccines or raise new safety concerns.

If the vaccines to be combined are already approved individually, the process is somewhat 
easier. In this case, only bridging studies may be required to demonstrate that the immune 
response to the combination is consistent with previously demonstrated protective levels. 
However, for new pathogens, the bar is set much higher. From a regulatory perspective, the 
level of investment required—in terms of time and money—may discourage the industry from 
pursuing this approach.

 Q What are the most important or controversial developments in the 
field recently?

TR: I believe that advances in AI and machine learning are particularly impactful, espe-
cially in the design of antigens. These technologies are becoming increasingly important, and I 
expect their significance will only grow as our understanding deepens and the software systems 
continue to improve.

I believe they will have special value in the development of broadly protective vaccines. 
If we aim to develop a vaccine that protects against a range of related viruses, the challenge 
becomes much more complex than targeting a single pathogen. How do we create an antigen 
that can offer protection across various viruses that are only slightly related to each other? AI 
and machine learning can assist us in solving this problem more effectively than we could on 
our own.

A controversial question in the field is whether it is feasible to develop a broadly protective 
vaccine for viruses that are not currently circulating in the human population. Some scientists 
believe in the importance of this work for pandemic preparedness, arguing that we should be 
proactive in creating these vaccines. On the other hand, those on the regulatory side often 
raise the question of how to prove the efficacy of such vaccines against viruses that have not yet 
appeared. It may be possible to generate immunological, B-cell, or antibody data, but how do 
we know if these correlate with true protection? Additionally, how do we define the indication 
for use of such a vaccine if its efficacy cannot be demonstrated in a traditional Phase 3 clinical 
trial?

I believe this is an important discussion. I’m in favor of developing broadly protective vac-
cines, especially from a pandemic preparedness standpoint. However, I understand the regula-
tory perspective that it may be challenging to ‘prove’ efficacy in the traditional sense. Therefore, 
there needs to be ongoing work to ensure alignment between the scientific community’s objec-
tives in developing these vaccines and the data requirements that regulatory agencies find 
acceptable.
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 Q Post-pandemic, how can we seize the opportunity to enhance the 
clinical trial ecosystem?

TR: The pandemic provided an interesting perspective on the clinical trial process. 
During that time, we saw the pharmaceutical industry take unprecedented risks by conducting 
trials in an overlapping manner—progressing to the next phase without waiting for the com-
plete data from the previous phase. Regulatory agencies also allowed this, accepting a certain 
level of risk. However, this created a somewhat misleading impression of how quickly clinical 
trials can typically progress.

There were expedited reviews by ethics boards and regulatory agencies, as well as faster con-
tracting between study sponsors and clinical trial sites. All of these processes were accelerated 
compared to the usual timelines. Unfortunately, this is no longer the standard practice, and 
legal processes and other formalities often slow things down.

To build on the lessons from the pandemic and improve the clinical trial system, one 
approach could be to establish more networks of clinical trial sites. While some networks 
already exist, expanding their availability and standardizing protocols could reduce the back-
and-forth with regulatory agencies. If everyone agrees upfront on the required data for specific 
types of vaccines—whether it’s for a respiratory virus or an RNA vaccine—the process could 
be more streamlined.

Furthermore, increasing the number of clinical researchers and nurses qualified to run clini-
cal trial sites is crucial. Finding a site with the necessary expertise is not always easy, so expand-
ing access to trained professionals would be beneficial. Strengthening this infrastructure would 
significantly improve the efficiency and effectiveness of clinical trials.

 Q Finally, what’s next for your work?

TR: For me, the immediate goal is to advance the broadly protective coronavirus vaccine 
that I mentioned earlier into the manufacturing stage and then into clinical testing. This will 
be the first proof of concept for the vaccine platform we’ve developed, demonstrating that it 
is indeed possible to design vaccines with broad protective capabilities. This effort will involve 
close collaboration with regulatory agencies to discuss their perspective on this approach, as 
there are still some concerns to address.

Looking ahead, we are also focusing on utilizing our new manufacturing facilities at VIDO. 
This infrastructure, along with the expertise of our team, will significantly advance the science 
we conduct and the products we develop. Having manufacturing capabilities in-house allows 
our scientists to gain a deeper understanding of the requirements for moving a discovery prod-
uct into manufacturing. For example, they need to be aware that certain elements, such as 
ampicillin-resistant genes, cannot be present in plasmids used in our manufacturing process. 
This knowledge can prevent the need to re-clone and redo studies later on.



INTERVIEW 

  187ISSN: 2752-5422; Published by BioInsights Publishing Ltd, London, UK  

Moreover, there are other critical considerations, such as intellectual property rights and 
licensing agreements for adjuvants added to vaccines. If these elements make commercial-
ization too expensive, the vaccine may no longer be viable, especially in the veterinary field, 
where price points are very low. Early awareness of these factors will help minimize the need for 
repeated experiments and adjustments later in the development process. The cost of materials, 
such as media used in production, must also be considered—using a $1,000/liter medium isn’t 
feasible when scaling up to 1,000 liters.

I am excited for our organization as our scientists and students will begin to integrate this 
knowledge into their discovery programs, ultimately enhancing the efficiency and viability of 
our vaccine development efforts.
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Vaccinating cattle against 
H5N1: challenges and benefits 

Alan Young, Professor of Veterinary and Biomedical Science, 
South Dakota State University, and Chief Technology 
Officer, Medgene Labs LLC, speaks with Charlotte Barker, 
Commissioning Editor, Vaccine Insights, about the current out-
break of H5N1 avian influenza in US dairy herds and the pros-
pects for a vaccine. He also shares insights into regulatory 
pathways for veterinary vaccines and working at the intersec-
tion of academia and industry.
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 Q How did you get involved in veterinary vaccine development?

AY: I grew up in Ontario, Canada, in a small dairy farming community. I went to the 
University of Toronto for my undergraduate and postgraduate studies, just when immunology 
was growing as a science. I became fascinated with the immune system of animals.

When I graduated in the mid-1990s, I took a position at the Basel Institute for Immunology 
in Switzerland as part of the ruminant immunology group and spent the next 6 years working 
on developmental aspects of B cells. 

In 2001, I landed at South Dakota State University as a faculty member in veterinary bio-
medical sciences. I worked on animal diseases such as mad cow disease and chronic wasting 
disease, focusing on the immune responses in different species—if it’s got feet, fins, or feathers, 
I’ve probably worked with it over my career!
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As an immunologist, working on vaccines is a natural progression. In 2009, I became a 
founding member of the Center of Excellence and Zoonotic Animal Disease in Kansas, work-
ing on vaccines for foreign animal diseases, starting with Rift Valley Fever.

Around that time, I was approached by a group interested bringing my research to the 
greater animal health world and Medgene Labs was born with a mission to produce animal 
vaccines. Though I’m still a working professor, I’m enjoying my active role in vaccine technol-
ogy on a commercial level. 

 Q What types of pathogens does Medgene target?

AY: We use a well-established baculovirus-based protein platform to make vaccines for 
a variety of animal diseases. Although the first product we worked on was Rift Valley Fever 
vaccine, we really got our start in studying commercially relevant emerging diseases, specifically 
the porcine epidemic diarrhea virus of 2013–14. 

 Q How did that transition to Medgene’s current status in prescription 
platform vaccine technology?

AY: Traditionally, it takes around 5 years and USD$5 million plus to bring a veterinary 
vaccine to market. In an emergency situation, or when dealing with a rapidly mutating virus, 
it became clear that a faster route is needed. 

In response, the USDA brought in Veterinary Services Memorandum 800.213, which rec-
ognized platform technologies. For example, if you already have an initial license for an influ-
enza vaccine based on a hemagglutinin protein, you can substitute a new hemagglutinin into 
the process and get a conditional license much faster and with less expense.

In fact, the USDA went further and agreed that, if you are using a non-replicating killed 
system like baculovirus, you can swap out the gene of interest from that platform and market 
those vaccines in the field, provided you demonstrate safety in the species of interest at the 
maximum antigen level to be used in the field.

The USDA forbids companies from making efficacy claims for these products but allows 
them to send the vaccine formulation out to any veterinarian that requests it across the USA. 
That has allowed Medgene to create and supply vaccines very quickly, specifically in rapidly 
mutating diseases (e.g., influenzas) or viruses that cannot be grown in the lab (e.g., Rotavirus 
C), and so are not amenable to traditional development routes. While we cannot claim efficacy, 
several of our vaccines have become standard in livestock across the USA. 

Another target for Medgene is in minor species. The market for some species is not large 
enough to warrant a $5 million investment but by getting a species extension, we have been 
able to develop vaccines for species farmed on a small scale, such as white-tailed deer. 

We have a library of baculovirus constructs and extensive bioinformatics to ensure we are 
targeting the correct antigenic sites and allow us to act fast to respond to emerging threats. 
We now have vaccines for a host of species, including cattle, swine, sheep, goats, poultry, and 
rabbits.

Sometimes the bar set for introducing solutions to problems in animal health is very high. 
We occupy a niche where we can put products out into the field (after ensuring they are safe) 
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and test efficacy in the real world. Ultimately, farmers will not pay for products that do not 
deliver results, so the market quickly weeds out ineffective products.

 Q What is the current status of Medgene’s bovine H5N1 vaccine? 

AY: We actually formed a construct on H5N1 when it started showing up in mammals. 
The jump to cattle was as much a surprise to us as it was to everybody else, but because we 
already have our prescription platform license in cattle, it was relatively straightforward to 
develop a vaccine, which we have now done. However, vaccinating livestock for H5N1 is not 
allowed in the US due to trade ramifications, so we are not able to release the vaccine. However, 
on August 28, 2024, the USDA released CVB Notice 24-13 permitting field studies with non-
viable, non-replicating vaccines targeting H5N1 which specifically describes our baculovirus 
prescription product. As a result of this, we are now actively developing the vaccine for condi-
tional licensing in preparation for potential distribution. 

The concern that limits use is that vaccination could risk exporting poultry or cattle infected 
at a subclinical level, and affect the ability to test for the pathogen. Many vaccines, including 
ours, allow differentiating infected from vaccinated animals; however, some countries have 
already been prevented from exporting poultry after instituting vaccination programs, and this 
is a huge concern for the industry and USDA. 

 Q What are the arguments for vaccinating cattle?

AY: Our concern as a veterinary vaccine company is predominantly to provide our cli-
ents with what they need. We have over half a million pre-orders from dairy farmers because 
of the economic loss caused by H5N1. Dairies are effectively shut down if any virus is detected 
in the bulk milk tank, and lose significant revenue. In addition, milk yields drop 10–15% 
during infection, and in some cases never recovers. 

From a human health point of view, it is also a concern to have H5N1 spreading in cattle 
and infecting farm workers, as it may increase the risk of the virus adapting to human hosts. 
And while pasteurization kills the virus, there is a population in the US who like to drink 
unpasteurized milk, believing it has health benefits. 

It is frustrating as a vaccine maker to have a potential solution for our customers but be 
unable to provide it, although we absolutely understand the economic and political concerns. 

“We have over half a million pre-orders from dairy farmers 
because of the economic loss caused by H5N1. Dairies are 

effectively shut down if any virus is detected in the 
bulk milk tank, and lose significant revenue.”
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 Q Having viewed vaccine development from both academic and 
commercial perspectives, what insights can you share from either 
side?

AY: In academia, everybody gets very excited about the latest high-end technology. But 
working in industry has taught me that demonstrating efficacy is the easiest part of the entire 
process. At millions of dollars for veterinary vaccines and hundreds of millions for human vac-
cines, the cost (and risk) of bringing a vaccine to market is immense.

In the animal health industry, we have to produce vaccines that cost pennies per dose so 
efficient scale up is essential. No matter how scientifically elegant your vaccine is, if you can’t 
produce large volumes quickly and cheaply, you are unlikely to ever reach the livestock market. 
Plus, a significant proportion of your costs have nothing to do with making the vaccine, but 
are spent on boxing, labeling, testing, and regulatory approvals.

Another simple but important lesson from industry is to talk to your customers about what 
they want. I once heard a colleague discuss a vaccine that was effective but must be given to pigs 
at 14 days old. What they hadn’t realized is that large farms will only touch the pigs at certain 
points (birth, processing, weaning), so your vaccine needs to fit with their schedule – they will 
not be willing to go to the farrowing barn and vaccinate all the pigs on day 14 with your one 
vaccine.

My message for academia is that if you want to see your vaccine being used in the field, you 
must understand the farming process and try to tailor your product to fit with that.

 Q What’s next for your research and the company?

AY: The researcher part of me still likes the idea of emerging diseases and foreign animal 
disease vaccines, to prevent epidemics amongst livestock and zoonotic infection of humans. 
We often hear about the need for vaccines against foreign animal diseases that could threaten 
US agriculture like foot and mouth disease, African swine fever, or Rift Valley disease. However, 
it is extremely difficult to get a license for these vaccines and it is not commercially viable for 
companies to invest millions of dollars into a product they may never be able to sell. 

Since our model allows much faster and less expensive development, we are able to develop 
potential vaccines to emerging threats, ready to deploy if needed.

Above all, vaccines need to make practical sense for farmers. As Medgene grows and expands 
its influence around the world, we’re digging deeper into the ideas of cost, practicality and 
benefit to farmer, marketplace, and greater animal health.

But, one particular aspect of vaccine science that’s got me excited is vector-borne disease. 
Our application of platform technology has proven itself with vaccines against tick-born ill-
nesses. The attention has been really positive—it’s another example where it would be difficult 
to get vaccine licensed through traditional routes, since we are vaccinating against the tick itself 
rather than the diseases it carries. 

Speaking for the entire team, we’re all excited that the hard work we’ve invested in vaccine 
R&D has gone beyond the pioneering stage and now making a positive impact in many species. 

Our communications department came up with a slogan that says it well—it’s a new day for 
animal health care. We’re all glad to be with the veterinarians and farmers and making a strong 
difference in how animal health is practiced.
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“We need to continue learning from past 
experiences with passive immunization 

and adapting the strategies we are using to 
address today’s problems.”
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Vaccines are undeniably considered one of 
the most important advancements in the 
history of modern medicine. While vaccines 
offer protection against serious infectious 
diseases, that protection is contingent upon 
the individual’s ability to mount a robust 
immune response. The most vulnerable 
among our society, like the immunocompro-
mised, the very young, and the elderly, may 
have a suboptimal response to vaccination. 
This leaves them insufficiently protected and 
facing a much higher chance of serious out-
comes from infectious diseases—inspiring 
the pursuit of alternative solutions for protec-
tion. Passive immunization with monoclonal 
antibodies (mAbs), can offer rapid protection 
for vulnerable groups who may have an inad-
equate response to vaccination or need addi-
tional protection from infectious diseases.

AN APPROACH TO PROTECT  
THE MOST VULNERABLE

Vulnerable populations with underdevel-
oped or weakened immune systems may be 
significantly more susceptible to severe viral 
or bacterial infections, compared to healthy 
populations. People living with chronic respi-
ratory or cardiovascular conditions may be 
at higher risk of more severe outcomes from 
viral or bacterial infections. Groups such as 
the immunocompromised, including those 
living with cancer are at disproportionate 
risk of hospitalization due to infections such 
as COVID-19. The elderly and other popu-
lations with weakened immune systems who 
contract a Clostridium difficile infection are 
at higher risk for recurrent infections, which 
could drive repeat hospitalizations and multi-
ple treatments with powerful antibiotics over 
the course of their lifetime. 

Over the past century, various passive 
immunization strategies have been used to 
successfully prevent diphtheria infections, 
hepatitis  B infections in newborns, respira-
tory syncytial virus (RSV) infections in high-
risk infants, and COVID-19 infections in the 
immunocompromised. More recently, we have 

seen a clear impact on public health with the 
rapid uptake of passive immunization strat-
egies to protect the broad infant population 
against RSV. Beyfortus™ (nirsevimab-alip) is 
the first mAb approved for the prevention of 
RSV lower respiratory tract disease across the 
infant population, from preterm or immu-
nocompromised infants to those born full-
term and healthy. Nirsevimab was the first 
mAb to be recommended by the US Advisory 
Committee on Immunization Practices for 
broad infant use and was included in the 
Vaccines for Children program supporting 
equitable access in the US.

And the impact on public health is becom-
ing clear, with early data from the USCDC 
showing that in its first season (2023/4), nir-
sevimab was associated with a 90% reduction 
in RSV-associated hospitalization among 
infants, with similar results replicated in the 
Galicia region of Spain, where nirsevimab 
demonstrated effectiveness of 89% in severe 
RSV-related lower respiratory tract infection 
among infants.

More mAbs are being investigated for 
the prevention of infectious disease, includ-
ing for Ebola, malaria, Staphylococcus aureus, 
C. difficile and Zika. Providing the opportu-
nity for this important platform to be utilized 
and have broader impact on prevention of 
infectious diseases. 

At AstraZeneca, our scientists’ efforts 
include novel engineered antibodies with the 
capability to provide an extended duration of 
protection compared to traditional mAbs.

We are also working to make the develop-
ment of mAbs as adaptable and efficient as 
possible to rapidly address viral and bacterial 
pathogens as they arise. This includes inves-
tigation of a range of innovative approaches 
that deliver medicines faster and in a cost- 
effective manner. 

A CASE FOR ACCELERATING 
RESEARCH AND ACCESS

As scientific understanding and capabili-
ties advance, so must the systems we put in 
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place to make these technologies accessible 
to patients. Innovations in passive immuni-
zation can be supported by flexible, tailored 
access frameworks and applied appropriately 
within clinical care standards. We need to cre-
ate a sustainable mAb model in which innova-
tion and adaptability access are championed.

A key challenge for infectious disease 
interventions is ensuring they can be devel-
oped and deployed quickly when needed. 
Traditional regulatory approval pathways 
need to be flexible to support this objective. 
Strategies such as immunobridging can allow 
for efficacy of a product to be inferred based 
on a correlate such as neutralizing antibody 
titers or other relevant measures. Recently 
this approach has been used by regulators to 
support timely assessment of mAbs but more 

systematic and consistent adoption could 
facilitate the development of more mAbs for 
protection against infectious diseases and 
enable more expedient access. 

LOOKING TO THE FUTURE

Championing passive immunization through 
mAbs will continue to be my priority at 
AstraZeneca. We need to continue learning 
from past experiences with passive immuniza-
tion and adapting the strategies we are using 
to address today’s problems. I’m inspired by 
the innovations happening in our labs and 
others around the world and look forward to 
continued collaboration between scientists, 
clinicians, and health authorities to drive this 
forward. 
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