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New O-antigen-based vaccines against
Shigella are in clinical development.
Historical efficacy studies identify serum
O-antigen immunoglobulin G as a cor-
relate of protection, leading to the sug-
gestion that accelerated licensure could
be achieved using the Shigella-controlled
human infection model (CHIM). We
discuss the role of the Shigella CHIM
alongside critical imperatives needed
for accelerated licensure and uptake of
Shigella vaccines: (1) development of an
international standard serum and har-
monized enzyme-linked immunosorbent
assay; (2) demonstration of field efficacy
in young children in low- and middle-
income countries; and (3) early engage-
ment with regulators and policy makers.

Shigella is a major cause of diarrhea and
dysentery disproportionately affecting
children in low- and middle-income
countries (LMICs) and responsible for
164 300 deaths annually [1]. A World
Health Organization (WHO) expert con-
sultation on Shigella vaccine preferred
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product characteristics concluded the
following: “the primary goal is to de-
velop a safe, effective and affordable vac-
cine to reduce mortality and morbidity
due to dysentery and diarrhea caused
by Shigella in children under 5 years of
age in LMICs” [2]. A vaccine would also
benefit travelers. Shigella species express
different O-antigens. A vaccine will need
to protect against Shigella sonnei and
Shigella flexneri 2a, 3a, and 6 to cover
the most prevalent globally circulating
strains [3].

Over 20 years ago, a National Institutes
of Health (NIH) glycoconjugate vaccine
of S sonnei O-antigen conjugated to re-
combinant exotoxin of Pseudomonas
aeruginosa (rEPA) conferred 74% pro-
tection against S sonmei shigellosis in
Israeli military [4], protection associating
with serum immunoglobulin G (IgG) to
O-antigen. The vaccine also protected
children aged 3 to 4 years but not children
under 3 years [5]. Loss of protection asso-
ciated with decreasing serum O-antigen
IgG seen with decreasing age. These find-
ings indicate that serum O-antigen IgG
is associated with protection, which sug-
gests that a vaccine inducing high IgG
levels among LMIC children may confer
protection. We define this association as
a correlate of protection, in which the
attribute, serum O-antigen IgG, is sta-
tistically associated with the endpoint,
protection against shigellosis, without the
association necessarily being causal [6].

Shigella sonnei-rEPA used random
coupling for conjugation resulting in a

heterogenous lattice structure. Variable
amounts of free polysaccharide may have
interfered with the immunologic re-
sponse, as seen in mice where admixing
free  Streptococcus pneumoniae type
4 polysaccharide with S pneumoniae
type 4 polysaccharide-protein conju-
gate decreased polysaccharide antibody
responses [7]. Subsequent vaccine candi-
dates used specific coupling to conjugate
O-antigen to carrier protein producing a
sun-type structure. This structure with
shorter O-antigens induced greater im-
munogenicity in mice compared with
first-generation vaccine [8]. Short sac-
charides and chemically controlled
coupling through a single point on the
saccharide improves reproducibility and
vaccine characterization. Selective chem-
istries also avoid modification of the
saccharide chain.

Enhanced immunogenicity with re-
duced saccharide length and site-specific
conjugation is seen with dextran con-
jugates [9]. Pneumococcal saccharide-
protein  conjugates using synthetic
short-chain oligosaccharides and site-
specific chemistries are immunogenic
and protective in mice [10, 11]. Hence,
improved design of Shigella conjugates
could increase immunogenicity, over-
coming lack of protection in young
children. A S flexneri 2a bioconjugate
developed by Limmatech (GSK), with
O-antigen covalently coupled in sun-
type format to rEPA, was immunogenic
in US adults [12], and it protected against

moderate to severe shigellosis/dysentery
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in a Shigella-controlled human infection
model (CHIM) study [13], providing fur-
ther support for serum O-antigen IgG
as a correlate of protection. The quadri-
valent vaccine is being tested in Kenya
(ClinicalTrials.gov NCT04056117).

The GSK Vaccines Institute for Global
Health (GVGH) developed a Shigella
outer membrane vesicle (OMV) vaccine,
the vesicles serving as a delivery vehicle
for O-antigen. An S sonnei OMV can-
didate was well tolerated and immuno-
genic in French, United Kingdom (UK)
[14], and Kenyan adults [15], but it failed
to protect against shigellosis in a CHIM
study [16]. A vaccine consisting of S
flexneri 2a synthetic O-antigen conju-
gated to tetanus toxoid induced signif-
icantly higher O-antigen IgG levels in
Israeli adults than an NIH S flexneri 2a
O-antigen-rEPA vaccine [17]. It is un-
known how immunogenic these new
O-antigen-based candidates must be in
LMIC young children to confer protec-
tion. It is crucial to evaluate immuno-
genicity in this population, defined as
infants and children from 6 to 36 months
in LMICs.

By accepting serum O-antigen IgG as a
correlate of protection against shigellosis
[18], an analysis of immunologic data
from field efficacy and CHIM studies
can help to identify protective thresholds
of O-antigen IgG. Additional informa-
tion can be obtained from observational
studies in target pediatric populations,
which examine the association between
pre-exposure and/or early acute-stage
levels of serum O-antigen IgG with levels
after culture-proven shigellosis. Paired
sera are required from children before
and after exposure to Shigella. Possible
protection against shigellosis through
other mechanisms including mucosal IgA
and Shigella protein antibodies presents
a confounder to this approach. Efforts
are underway to confirm serum IgG as a
correlate of protection and establish pro-
tective thresholds [18], but they are ham-
pered by use of different enzyme-linked
immunosorbent assay (ELISA) protocols
and reference reagents.

An international standard reference
serum and harmonized ELISA are re-
quired for comparability between studies.
The standard serum should cover each se-
rotype within multivalent vaccine formu-
lations and be generated from vaccinees.
Such a serum and ELISA will underpin
clinical development of all O-antigen-
based Shigella vaccines [19]. In 2019, a
pilot Shigella ELISA collaborative study
by the National Institute of Biological
Standards and Controls (NIBSC), UK,
was a first step towards ELISA harmoniza-
tion. In 2020, a decision was made to har-
monize a Shigella ELISA protocol at the
Walter Reed Army Institute for Research
(WRAIR) and develop a first interna-
tional standard serum at NIBSC with the
goal of submitting it to the WHO Expert
Committee on Biological Standardization
for approval and adoption.

Shigella CHIMs are conducted in
adults in high-income countries (HICs).
Therefore, such studies could poten-
tially be used to license new-generation
Shigella vaccines for travelers [20]. There
is precedent, with CHIM studies used to
license the Vaxchora cholera vaccine [21]
for travelers. As a correlate of protec-
tion, serum O-antigen IgG could permit
immunobridging from a CHIM study
to an immunogenicity study in infants/
young children, providing a quicker li-
censure route than a phase 3 efficacy
study [20]. A CHIM supported WHO
prequalification of TypBar-TCV typhoid
conjugate vaccine for children [22, 23].

However, a typhoid conjugate vaccine
was efficacious in young LMIC children
20 years ago [24]. Efficacy has yet to be
shown for a Shigella vaccine in this pop-
ulation. It is not known whether serum
O-antigen IgG is a correlate of protec-
tion in LMIC children, nor whether a
threshold of protection determined in
HICs will be applicable in these children.
Therefore, efficacy needs to be demon-
strated in this population and can only
be achieved with a phase 3 field study.
Such a study could confirm correlate of
protection status and protective titers for
serum O-antigen IgG in this population,

enabling subsequent immunobridging
and accelerating licensure for other
Shigella vaccines.

Nevertheless, CHIM studies could as-
sist licensure for children through licen-
sure for travelers, by facilitating earlier
use, awareness, and generation of safety
data for a Shigella vaccine. In addition,
CHIM studies may identify serum IgG
thresholds of protection, although the ar-
tificial nature of infection and low num-
bers of participants present limitations.
Finally, if CHIM for S flexneri 3a and 6
become available, they may confirm that
Shigella vaccines can protect against these
serotypes. The low incidence of shigellosis
due to these serotypes means it is difficult
in a field setting to demonstrate efficacy
against them. Moreover, after a successful
phase 3 efficacy study in LMIC infants
and children, an established correlate and
threshold of protection could leverage a
large phase 2 study as basis of licensure
for subsequent Shigella vaccines. If this is
acceptable to the regulators, the strategy
could accelerate licensure, which reduces
the cost of late-stage clinical development.

In  conclusion, an international
standard serum and harmonized ELISA
are needed to advance new-generation
global health Shigella vaccines, allowing
comparability between studies, con-
firming serum O-antigen IgG as a cor-
relate of protection, and determining
thresholds of protection. Currently, al-
most all data informing correlates and
thresholds of protection are from HIC
adults and older children. A field-efficacy
study among LMIC infants and young
children will be critical to advance a first
vaccine to licensure, WHO policy recom-
mendation, and prequalification, which
are prerequisites for Gavi-supported
introduction.

Proactive scenario planning of regu-
latory strategies by vaccine developers
and planning of data to be collected in
late-stage product development to sup-
port future policy recommendation will
help mitigate delays to postlicensure
implementation. Early and parallel en-
gagement with LMIC national regulatory
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authorities and policy makers, as well as
global policy and financing bodies, such
as WHO and GAVT], is critical before de-
signing pivotal phase 3 efficacy studies.
This is the proposed approach of the au-
thors as Shigella vaccine candidates ad-
vance to phase 3 clinical evaluation.
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