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T
he development of a single 
shot, oral vaccine against 
any disease is perhaps the 
ultimate goal of any vaccine 
researcher and developer. 
Such a vaccine would offer 

multiple benefi ts in terms of ease of 
application in the fi eld, compliance, 
safety and general convenience. How-
ever, at the moment we simply do not 
have the technology available to achieve 
this goal for most diseases. Part of the 
problem lies in the poor immunogenicity 
of antigens delivered via mucosal sur-
faces. Indeed, poor immunogenicity is
a general problem also associated with
many injected vaccines involving puri-
fi ed antigen preparations. Until we 
have better technologies available (adju-
vants, delivery systems), perhaps the 
most likely route towards developing 
oral, single shot vaccines is to exploit the 
potent immunogenicity of pathogens in 
the form of live attenuated vaccines.
 We know that people are often 
protected against a particular disease 
once they have recovered from infec-
tion. For example, people living in 
the developed world build up natural 
immunity to diarrhoeal agents as they 
grow older. This includes resistance to 
infections such as bacterial dysentery 
(Shigella), Salmonella, cholera (Vibrio) 
and polio. We also know that we can 
build live oral vaccines based upon 
attenuated derivatives of enteric patho-
gens. Perhaps the most signifi cant 
example is the live polio vaccine devel- 
oped by Sabin and his collaborators 50 
or so years ago. Polio is caused by an 
enterovirus that enters the body via 
the mucosal surfaces of the intestine 
before spreading systemically. The oral 
polio vaccine is built upon attenu-
ated viruses that were obtained by 
passage of virulent virus outside of the 

natural human host. However, even in 
the case of oral polio vaccines, several 
shots are needed to induce protection 
against disease.

Rational vaccine design
Modern molecular and immunological 
approaches are now being used to un-
ravel the molecular mechanisms ex-
ploited by pathogens to cause disease. 
We are beginning to defi ne the paths 
followed by pathogens during the infec-
tion process and to identify the roles 
individual genes play in these events. 
Researchers are using this information 
to rationally design variants of patho-
gens that are attenuated because they 
are disabled (through the introduction 
of stable mutations into the pathogen 
genome) in a particular step in patho-
genesis. The inactivation of pathogen 
genes encoding adhesins, nutrient 
scavenging systems and toxins serve 
as examples. In theory we should be 
able to design derivatives of pathogens 
that retain enough immunogenicity 
to afford protection, but are disabled 
enough so as not to cause disease. Thus, 
we are striving for a balance between 
immunogenicity and reactogenicity in 
the vaccine.

Selecting vaccine candidates
Salmonella typhi is the cause of human 
typhoid, still a very common disease in 
certain parts of the world such as South 
East Asia and Africa. A single dose oral 
typhoid vaccine based upon attenuated 
S. typhi would be very attractive for use 
in developing countries and for visitors 
to disease-endemic areas. A live oral vac-
cine against typhoid, known as Ty21a, 
has been developed and is licensed 
for human use in many countries. How-
ever, although Ty21a is extremely safe 
and non-reactogenic, it does not have 
optimal immunogenicity and multiple 
(up to four) doses are required to 
give even moderate protection against 
typhoid. These and other factors have 
limited the use of Ty21a for immunizing 
populations. Consequently, we still need 
a single dose oral typhoid vaccine.
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 Blissfully unaware of the risks from human 
waste emptied directly into the river, a 
local swims in the Mekong in Vietnam, 
a typhoid-endemic area. Dan Thorpe

 False-colour TEM of Salmonella typhi, 
causative agent of typhoid fever in humans. 
CNRI / Science Photo Library
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 Research on the molecular basis of 
Salmonella infection has been one of 
the most fertile and heavily investigated 
areas of infectious diseases in recent 
years. Hence, it is not surprising that 
over 100 Salmonella genes have been 
implicated in the pathogenesis of in-
fection. Indeed researchers in many 
laboratories have proposed candidate 
genes for incorporation into live salmon-
ellosis (and ultimately live typhoid) 
vaccines. A complication of this work 
is that S. typhi is poorly pathogenic in 
small mammals so most basic research 
work has focused on the study of sur-
rogate Salmonella typhimurium infec-
tions in the mouse. The problem is that 
a mouse is not a man and it is impos-
sible to extrapolate wholesale labora-
tory data to clinical outcome. This is 
one of the rate-limiting factors in vac-
cine development: the movement of 
candidates out from the laboratory 
into the clinic and ultimately the fi eld. 
For any vaccine candidate this process 
can take over a decade. Nevertheless, 
several candidate human live typhoid 
vaccines, based upon information glean-
ed in the mouse, have passed through 
the research laboratories into clinical 
studies. This work has been signifi cantly 
encouraged because it is possible to 
reproducibly protect mice against viru-
lent salmonellae challenge with single 
dose oral vaccines based upon rationally 
attenuated salmonellae.

Into the clinic and then 
the fi eld
Setting up clinical studies is challenging 
both ethically and fi nancially. In the 
modern world you need specialized 
clinical facilities, vaccine made under 
good manufacturing process (GMP) 
conditions as well as encouraging pre-
clinical data. In reality even a simple 

clinical study can cost over £100,000 and sometimes a lot 
more. Early clinical studies usually focus on safety with 
some evidence for immunogenicity. If you are willing to feed 
a vaccine based on a live (hopefully attenuated!) pathogen 
to humans you usually look for safety fi rst. New legislation 
being introduced into the EU is making the legal requirements 
for clinical studies even more stringent. Ironically, this is 
happening when for the fi rst time we have available tech-
niques (microarrays, real-time PCR, FACS) that allow us 
to really interrogate in depth immune and physiological 
responses in a clinical setting. At the moment we do not 
have an immunologically accepted correlate of protection 
for typhoid. This means that even if early clinical studies 
are encouraging, a successful fi eld effi cacy study potentially 
involving thousands of people is required before a product 
can be licensed as a typhoid vaccine. Such studies can cost 
many millions of pounds.
 Perhaps the candidate oral typhoid vaccine furthest along 
this development route is M01ZH09, based upon a S. typhi
Ty2 derivative harbouring mutations in aroC and aroC and aroC ssaV. aroC is aroC is aroC
a gene encoding a key enzyme in the chorimate biosynthetic 
pathway and salmonellae harbouring mutations in this gene 
are starved of aromatic compounds when growing in the 
mammalian host. ssaV encodes a component of the so-called ssaV encodes a component of the so-called ssaV
Salmonella pathogenicity island-2 (SPI-2) type III secretion 
system that is essential for Salmonella survival and persistence 
in macrophages. Indeed ssaV mutants were selected because ssaV mutants were selected because ssaV
this mutation was correctly predicted to prevent the appear-
ance of the live vaccine in the blood.
 M01ZH09 was originally constructed in the author’s CL3
facility (then at Imperial College) as a collaboration with
a spin-off company called Microscience (now Emergent 
Europe). M01ZH09 has passed through early Phase I studies 
conducted in volunteers at St George’s Hospital, Tooting (by 
Dr David Lewis and his team), and through Phase II studies at 
two sites in the US. Emergent Europe (under the guidance of 
Dr Steve Chatfi eld) have developed a robust manufacturing 
protocol for the vaccine and have secured funding from The 
Wellcome Trust to perform a ‘stepping stone study’ in adults 
in Vietnam as part of the process of moving the vaccine 
towards a Phase III effi cacy study.
 The Vietnamese studies will be conducted at The Wellcome 
Trust Clinical Unit in Ho Chi Minh City with Dr Jeremy 
Farrar and his team. The aim of the stepping stone study is to 
validate the original clinical safety and immunogenicity data 
in an endemic region prior to fi eld studies. A subsequent 

study is also planned involving children from the same 
region.
 Historically it has proved problematic in moving vaccine 
candidates from developed to developing countries due to 
higher immunogenic response thresholds in people from 
endemic/poorer areas. This barrier was observed when the 
live polio vaccine was fi rst introduced into the third world 
(higher vaccine doses had to be employed) and the immuno-
logical basis remains unexplained. There are many barriers 
(immunological, economic, political, logistical, HIV) that limit 
the introduction of vaccines into the poorer regions of the 
world and we hope that a single dose oral vaccine suitable for 
deployment in such regions can come out of the M01ZH09 
programme.

The future
The future of M01ZH09 remains uncertain, but we hope that 
this strain will eventually be licensed as a single dose oral 
vaccine against typhoid. Whether similar vaccines for other 
diseases will ever be developed remains to be seen. Any 
progress will rely on the development of novel adjuvants and 
immunomodulators along with better delivery systems. More 
important will be the political will to develop and deploy 
such vaccines in areas where they are really needed.
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During clinical typhoid 
fever bacteria can 
sometimes, but not 
always, be cultured 
from the blood. 
Patients may develop 
complications such as 
perforated bowels.

Bacteria seed the 
reticuloendothelial 
system and can be 
detected in bone 
marrow. They are 
resident within cells, 
but eventually reseed 
the blood in the 
form of a detectable 
bacteraemia. This 
signals the beginning 
of the clinical disease.

The salmonellae disseminate 
through the blood as a silent 
bacteraemia.

Salmonella bacteria 
enter the small 
bowel and can 
invade the epithelial 
surfaces, possibly 
through M cells. 
They move into the 
mesenteric lymph 
nodes and on to 
the bloodstream, 
most likely within 
macrophages.

Salmonella typhi is 
transmitted via the 
faecal/oral route in 
water or food.

A single shot, oral vaccine against any 
disease is perhaps the ultimate goal of 
any vaccine researcher and developer.
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