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Background: Approximately 164,000 deaths yearly are due to shigellosis, primarily in developing countries. Thus,
a safe and affordable Shigella vaccine is an important public health priority. The GSK Vaccines Institute for Global
Health (GVGH) developed a candidate Shigella sonnei vaccine (1790GAHB) using the Generalized Modules for
Membrane Antigens (GMMA) technology. The paper reports results of 1790GAHB Phase 1 studies in healthy Eu-
ropean adults.
Methods: To evaluate the safety and immunogenicity profiles of 1790GAHB,weperformed twoparallel, phase 1, ob-
server-blind, randomized, placebo-controlled, dose escalation studies in France (“study 1”) and theUnited Kingdom
(“study2”) between February 2014 andApril 2015 (ClinicalTrials.gov, numberNCT02017899 andNCT02034500, re-
spectively) in 18–45 years old subjects (50 in study 1, 52 in study 2). Increasing doses of Alhydrogel adsorbed 1790,
expressed by both O Antigen (OAg) and protein quantity, or placebo were given either by intramuscular route
(0.059/1, 0.29/5, 1.5/25, 2.9/50, 5.9/100 μg of OAg/μg of protein; study 1) or by intradermal (ID), intranasal (IN)
or intramuscular (IM) route of immunization (0.0059/0.1, 0.059/1, 0.59/10 μg ID, 0.29/5, 1.2/20, 4.8/80 μg IN and
0.29/5 μg IM, respectively; study 2). In absence of serologic correlates of protection for Shigella sonnei, vaccine in-
duced immunogenicity was compared to anti-LPS antibody in a population naturally exposed to S. sonnei.
Findings: Vaccines were well tolerated in both studies and no death or vaccine related serious adverse events were
reported. In study 1, doses ≥1.5/25 μg elicited serum IgGmedian antibody greater thanmedian level in convalescent
subjects after the first dose. No vaccine group in study 2 achievedmedian antibody greater than themedian conva-
lescent antibody.
Interpretation: Intramuscularly administered Shigella sonneiGMMAvaccine iswell tolerated, up to and including 5.9/
100 μg and induces antibody to theOAgof at least the samemagnitude of those observed followingnatural exposure
to the pathogen. Vaccine administered by ID or IN, although well tolerated, is poorly immunogenic at the doses de-
livered. Thedata support theuseof theGMMAtechnology for the development of intramuscularmultivalent Shigella
vaccines.

© 2017 GlaxoSmithKline SA. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction
Shigella infections are endemic throughout the world, but the main
disease burden is in developing countries, especially in children youn-
ger than 5 years of age (Kotloff et al., 1999). The recently published
Global Burden of Disease Study 2015 estimates that 12.5% (i.e.,
164,410) of the 1.3million deaths due to diarrheal diseaseswere caused
by Shigella (GBD 2015 Mortality and Causes of Death Collaborators,
2016). In that study, 98.5% of Shigella deaths occurred in low andmiddle
income countries and 33% in children younger than 5 years old. These
data agree with data from more geographically limited studies: the es-
timated incidence of disease in Asia alone is approximately 125 million
cases per year (Bardhan et al., 2010),with approximately 122,000 annu-
al deaths (Lozano et al., 2012).

These estimates are supplementedwith incidence data from specific
sites of the Global Enteric Multicentre Study (GEMS) in sub-Saharan Af-
rica and SouthAsia (Kotloff et al., 2013) that found that shigellosis is one
of the top causes of moderate and severe diarrhoea (MSD) in under
5 year olds. Shigella was the fourth, second and first cause of medium
or severe diarrhoea (MSD), in children aged 0–11 months, 12–
23 months and 24–59 months, respectively (Kotloff et al., 2013). Of
1124 Shigella cases in the GEMS study 23.9% were caused by S. sonnei
(single serotype), 5.5% by S. boydii (multiple serotypes), 4.9% by S.
dysenteriae (multiple serotypes, but no cases of S. dysenteriae I) and
65.7% by S. flexneri (mostly by serotypes 1b, 2a, 3a, and 6) (Livio et al.,
2014). A subsequent re-analysis of GEMS data with more sensitive mo-
lecular diagnostic techniques (Lindsay et al., 2013; Liu et al., 2014)
showed an even higher incidence of Shigella as a cause of MSD. These
data from developing countries and evidence of increasing levels of an-
tibiotic resistance (Gu et al., 2012; Klontz and Singh, 2015) support the
need for a broadly protective vaccine for efficient prevention of the dis-
ease (Livio et al., 2014).

S. sonnei alone causes significant disease in industrialized countries
and travellers, and in these populations is responsible for 60–70% of
all cases of shigellosis (Ekdahl and Andersson, 2005). Antibiotic resis-
tant strains of S. sonnei also cause disease and local outbreaks in people
who have not travelled to endemic countries (Bowen et al., 2015). Thus,
a S. sonnei monovalent vaccine may also have public health value.

No vaccine is widely available to prevent shigellosis (Mani et al.,
2016). So far, vaccine candidates based on O Antigen (OAg) conjugates
and live attenuated strains have shown protection against homologous
strains in Phase 3 clinical studies (Cohen et al., 1997; Levine et al., 2007;
Kaminski and Oaks, 2009; Camacho et al., 2013; Passwell et al., 2010).
Vaccines using inactivated bacteria and vaccine candidates based on
sub-cellular components are currently under development. Most of
these also contain OAg (Levine et al., 2007; Kaminski and Oaks, 2009;
Camacho et al., 2013).

The central role of the serotype specific OAg repeating unit of Shigel-
la LPS in clinical protection has been demonstrated in various settings.
More specifically, i) subjects naturally exposed to Shigella develop a se-
rotype-specific immunity, but remain susceptible to disease caused by
heterologous serotypes (Ferreccio et al., 1991); ii) subjects previously
infected/challengedwith either S. sonneior S.flexneridevelopprotection
only against the challenge strain as shown with re-challenge experi-
ments (Kotloff et al., 1995; Herrington et al., 1990); iii) subjects lacking
homologous anti-LPS antibodies have a significantly higher risk of
contracting shigellosis of the same serovar type (Cohen et al., 1991);
iv) subjects with a high level of anti-LPS serum antibodies show signif-
icantly reduced disease severity (Wahid et al., 2013); and v) subjects
vaccinated IM with a conjugate vaccine containing Shigella sonnei O
polysaccharide bound to Pseudomonas aeruginosa recombinant
exoprotein A develop a serotype specific 71–74% efficacy in older chil-
dren and adults and show a significant association between anti-S.
sonnei LPS serum antibody and clinical protection (Cohen et al., 1997;
Passwell et al., 2010). These findings demonstrate that natural immuni-
ty against Shigella is primarily serotype-specific; the OAg of the Shigella
LPS is the dominant protective antigen and anti-S. sonnei LPS antibody is
a strong marker of acquired immunity.

The vaccine development approach pursued by the GSK Vaccines In-
stitute for Global Health (GVGH) is based on Generalized Modules for
Membrane Antigens (GMMA). GMMA are approximately 50 nm outer
membrane blebs derived from bacteria genetically modified to enhance
shedding and to reduce reactogenicity of the integral
lypopolisaccharide. Unlike detergent extracted OMV, these contain all
of the components of the bacterial outer membrane and enclose bacte-
rial periplasm (Gerke et al., 2015; Maggiore et al., 2016). GVGH has de-
veloped a monovalent Shigella sonnei vaccine with OAg (1790GAHB) as
the first step in the development of a broadly protective, multivalent
vaccine including GMMA with OAg from different Shigella serotypes.
In this paper, we report the results from two parallel Phase 1 clinical
studies performed in healthy adult volunteers in Europe with
1790GAHB vaccine. In absence of an accepted serologic threshold of
protection for Shigella sonnei, we compare the vaccine-induced anti-S.
sonnei LPS antibody with the levels and distribution in Israeli convales-
cent subjects after natural infection (Cohen et al., 1989).

2. Methods

2.1. Study Design and Participants

Between February 2014, and April 2015, we performed two parallel,
phase 1, observer-blind, randomized, placebo-controlled, dose escala-
tion studies: study 1 (H03_01TP) at one site in France and study 2
(H03_02TP) at one site in the United Kingdom. The dose escalation ap-
proach reflected the caution needed in Phase 1 studies for the safety
evaluation of a novel vaccine. The two studies are registered with
ClinicalTrials.gov, numbers NCT02017899 and NCT02034500. We en-
rolled healthy adults (aged 18–45 years old), as established by medical
history, physical examination, screening for relevant haematology,
blood chemistry and urinalysis tests, investigator judgment, and com-
pliance with protocol inclusion and exclusion criteria. A qualitative ag-
glutination test was performed by investigators at baseline as part of
the screening to exclude subjects with high antibody titres against S.
sonnei. Eligible women had negative results on pregnancy tests, before
each vaccination, and agreed using an acceptable birth control measure
during study participation. Relevant approvals were obtained before
study start from respective institutional ethics review committees and
national regulatory authorities. An independent data and safety moni-
toring board (DSMB) was appointed to oversee safety of study partici-
pants. During studies, DSMB met after safety data from each cohort
became available, to assess the safety profile of study vaccine and advise
on progression to subsequent cohorts. Written informed consent was
obtained before enrolment. Studies were designed and conducted in ac-
cordance with Good Clinical Practice and current version of Declaration
of Helsinki.

2.2. Vaccine

Details of the production of the vaccine, and pre-clinical studies have
been published (Gerke et al., 2015). Briefly, the test vaccine was a pre-
servative-free, liquid formulation of S. sonnei 1790-GMMA containing
11.9 μg/mL of OAg and 200 μg/mL protein adsorbed to 0.7 mg Al3+/
mL Aluminium hydroxide (Alhydrogel 2%, Brenntag Biosector, Den-
mark) in Tris-buffered saline, pH 7.4 (TBS) in single dose vials contain-
ing 0.7 mL of vaccine. The vaccine was used at different antigen doses
(that were obtained by bed-side mixing using placebo as diluent). For
a more precise information about vaccine composition, each dose is de-
fined by both OAg and protein quantity: a dose containing 5.9 μg of OAg
and 100 μg protein is specified as 5.9/100 μg. The clinical lot (SH-13-
002)was the same for both studies. In the absence of a licensed S. sonnei
vaccine, the control agent was a placebo of Alhydrogel (0.7 mg Al3+/
mL) in TBS, as single dose vials containing 0.7 mL of injectable solution.

http://ClinicalTrials.gov
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The placebo administration volume depended on the route of adminis-
tration and was the same as the vaccine.

2.3. Randomization and Masking

In study H03_01TP, a total of 50 eligible subjects were assigned to 1
of 5 sequential cohorts of 10 subjects.Within each cohort, subjects were
randomizedwith a 4:1 ratio to receive 3 vaccinations IM, 4weeks apart,
of either 1790GAHB vaccine (8 subjects) or placebo (2 subjects). Co-
horts were vaccinated sequentially with a dose escalating approach
with 0.059/1, 0.29/5, 1.5/25, 2.9/50 or 5.9/100 μg in an injected volume
of 0.5 mL.

In study H03_02TP, a total of 52 eligible subjects were assigned to 3
cohorts to receive with a 2:1 ratio (cohort 1) or a 3:1 ratio (cohorts 2
and 3) either 1790GAHB vaccine or placebo in 3 vaccinations, 4 weeks
apart. Cohorts were vaccinated sequentially with a dose escalating ap-
proach with individuals within each cohort receiving 0.0059/0.1,
0.059/1, and 0.59/10 μg ID in 0.05 mL or 0.29/5, 1.2/20, and 4.8/80 μg
IN in a total volume of 0.4 mL administered as a 0.2 mL aliquot into
each nostril using a mucosal atomization device (Wolfe Tory Medical,
Inc., Utah, USA). In addition, 8 subjects of the third cohortwere random-
ized with a 3:1 ratio to receive three IM vaccinations, four weeks apart,
of 0.29/5 μg of 1790GAHB or placebo. Figs. 1 and 2 show the flow chart
of the two studies.

With the exception of designated study site personnel responsible
for vaccine preparation (not involved in data collection or assessment),
study investigators, participants, those assessingoutcomes, and data an-
alysts were blinded to treatment allocation.

3. Procedures

Subjects were observed at the clinic for 4 h in study 1 and 2 h in
study 2 after each vaccination and then at 7 days following the first vac-
cination. Safety assessment included collection of solicited adverse
events (AEs), unsolicited AEs, and medication/vaccinations during
Fig. 1. Study 1 - H03_01TP trial profile. aOne subject was randomized to receive placebo but h
forbidden by the protocol and didn't receive third vaccination. cOne subject developed neutro
= full analysis set. The analysis of immunogenicity was based on modified FAS defined a
immunogenicity data at relevant time points. Subjects who received wrong vaccine at all vac
collected after a vaccination visit but vaccine was not administered, were excluded from the a
7 days following each vaccination; additionally, all serious adverse
events (SAEs), all medications given to treat SAEs, all new onset of
chronic disease (NOCDs), all AEs leading to vaccine/study withdrawal,
and all adverse event of special interest (AESI)were collected for the en-
tire study duration. In study 1, ear temperaturesweremeasured by clin-
ical staff immediately prior to vaccination, then at 30, 120 and
240 minute post-vaccination, then oral temperature at 6 h and daily to
day 7 by the subject and recorded on their diary cards. In study 2, ear
temperature was measured prior to vaccination then at 30 min and
120 h by clinical staff, then as for study 1, oral temperature was mea-
sured by subjects at 6 h then daily and recorded on their dairy cards.
All temperature readings were used to determine a fever episode (de-
fined as a temperature N 38 °C) and the 0 to 240minute temperature re-
cordings in study 1 were analysed for any evidence of a pyrogenic
response to the intramuscular vaccine.

Clinically significant deviations in haematological, biochemical and
urinalysis tests were evaluated during the screening, at 7 days after
first vaccination and 28 days after second and third vaccination. Subse-
quent to two cases of transient and clinically asymptomatic grade 3 neu-
tropenia (Muturi-Kioi et al., 2016), a complete blood count (CBC) was
also performed 7 days after second and third vaccinations and
168 days after third vaccination.

For immunological studies, blood draws and stool samples were ob-
tained before each study vaccination and 28 days after the first, second
and third vaccination, and 168 days after the third vaccination (Study
day 225). Faecal sIgA, have been analysed, in study subjects from cohort
3 of study 2 at Surrey University (extractions) and at GVGH (ELISA). Ex-
ploratory immunological outcomes, only for cohort 3 of study 2, includ-
ed assessment of memory B cells (MBC), specific for the OAg and its
GMMA carrier, and of antibody secreting cells (plasmablasts) on
PBMCs obtained at baseline and at 28 days after the third immunization
(MBC) and at 7 days after the first immunization (plasmablasts). Assays
were performed at GSKVaccines, Siena, Italy, by ELISpot, following stan-
dard procedures (Slifka and Ahmed, 1996). Serum anti-S. sonnei LPS IgG
was evaluated by ELISA at theGSKVaccines, Clinical Laboratory Sciences
e/she received 3 vaccinations of 0.29/5 μg S. sonnei vaccine. bOne subject received vaccine
penia after the first vaccination and he/she didn't receive the following vaccinations. FAS
s: all randomized subjects who received at least one study vaccination and provided
cinations were analysed in the vaccine the subject actually received and blood samples
nalysis.



Fig. 2. Study 2 - H03_02TP trial profile. FAS= full analysis set. The analysis of immunogenicity was based onmodified FAS defined as: all randomized subjects who received at least one
study vaccination and provided immunogenicity data at relevant time points. Subjects who received wrong vaccine at all vaccinations were analysed in the vaccine the subject actually
received and blood samples collected after a vaccination visit but vaccine was not administered, were excluded from the analysis.
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Department (Marburg, Germany), as previously described (Gerke et al.,
2015).
Table 1
Baseline characteristics in study 1.

IM

0.059/1 0.29/5 1.5/25 2.9/50 5.9/100 Placebo

n 8 9 8 7 9 8
Age (years) 32.1

(6.7)
29.8
(7.0)

26.8
(5.7)

33.4
(8.1)

26.9
(4.2)

33.1
(8.2)

Weight (kg) 68.20
(13.95)

69.00
(8.40)

68.55
(10.87)

58.93
(6.94)

63.77
(10.51)

71.89
(10.41)

Height (cm) 173.3
(10.5)

172.8
(6.9)

170.3
(9.5)

164.1
(6.1)

173.6
(8.2)

167.4
(6.5)

Sex
Female 4 (50%) 4 (44%) 5 (63%) 4 (57%) 4 (44%) 7 (88%)

Race
Asian 1 (13%) 1 (11%) 1 (13%) 1 (14%) 0 0

Black or African
American

0 2 (22%) 1 (13%) 2 (29%) 0 1 (13%)

White 7 (88%) 6 (67%) 6 (75%) 4 (57%) 9 (100%) 7 (88%)

Data are mean (SD) or n (%), unless otherwise indicated. Vaccine groups are quantified as
per μg of OAg/μg of protein. IM= intramuscular.
4. Statistical Analysis

These phase 1 safety and immunogenicity trials were aimed to de-
scriptively evaluate the safety and immunogenicity profiles of the
study vaccines without testing any specific hypotheses. For ELISA test-
ing, the minimum measurable antibody level was determined in each
assay and varied from 3.08 to 4.06 ELISA units. For calculating geometric
mean antibody levels, subjects below this level were assigned an anti-
body level of half the minimum measurable ELISA units. Subjects de-
fined as positive for pre-existing antibody had a baseline anti-LPS IgG
greater than the minimum measurable ELISA units. We defined
“seroresponders” as individuals with a change of antibody concentra-
tion of at least 25 ELISA units or a 50% increase in antibody over base-
line levels, whichever was greater. As a guide to the relevance of the
magnitude of the IgG responses, the median anti-S. sonnei LPS serum
IgG concentration was compared to the median level in convalescent
patient sera from 87 subjects previously infected with S. sonnei, as
reported by Cohen et al. (1989) To do this, we calibrated the GVGH
standard human anti-S. sonnei LPS antisera in the Cohen ELISA
assay and found that 121 ELISA units in the GVGH assay correspond
to the median 1:800 titer reported in the convalescent sera. As de-
fined by the protocol, as a secondary indicator, we also tabulated
the number and percentages of subjects with post-immunization
ELISA units ≥121 EU/mL (i.e., high seroresponse) and used 2-sided
95% Clopper-Pearson to calculate the CIs for the percentages. How-
ever, unexpectedly, there were 5 of 50 and 2 of 52 subjects, in
study 1 and study 2 respectively, who had a “high seroresponse”
prior to vaccination. Thus in this paper we additionally define a
“high seroresponder” as a volunteer with an increase of at least 121
ELISA units over baseline. Finally, some post hoc analyses have
been conducted for a better interpretation of the safety and immuno-
genicity results and are reported in the Results.
5. Results

5.1. Recruitment

Reasons for screening failures included: previous illness/investigator
judgment, non-availability for study duration, HLA-B27 positivity, re-
ceipt of other vaccines/previous participation in other studies, and
serum positivity by Shigella agglutination assay. Only two subjects (1
in each study) were excluded for the latter reason. The presence of de-
tectable antibodies at baseline in approximately 50% of the subjects, as
shown in the ELISA analyses, suggests that this agglutination assay has
a low sensitivity and should not be used in future studies. Of the 102
subjects enrolled and vaccinated in the two studies (50 in study 1; 52
in study 2), 48 in study 1 and 50 in study 2 completed the study. Two
subjects in each study withdrew their consent before the end of the
study. All subjects were included in safety analyses and all, but one (in



Table 2
Baseline characteristics in study 2.

ID IM IN

0.0059/0.1 0.059/1 0.59/10 Placebo 0.29/5 Placebo 0.29/5 1.2/20 4.8/80 Placebo

n 4 6 6 6 6 1 4 6 6 7
Age (years) 24.8 (5.1) 30.8 (8.3) 26.5 (6.0) 32.0 (8.4) 34.3 (9.2) 30.0 23.5 (5.7) 30.0 (5.9) 27.7 (5.9) 26.9 (6.8)
Weight (kg) 65.88 (9.18) 72.53 (12.10) 71.77 (6.54) 65.53 (12.57) 65.25 (10.47) 56.20 68.70 (8.46) 71.85 (13.56) 64.62 (18.31) 71.20 (11.38)
Height (cm) 165.0 (6.9) 173.8 (10.4) 172.8 (8.7) 165.5 (5.6) 172.8 (12.4) 165.0 172.5 (3.1) 171.8 (8.4) 165.8 (11.7) 170.9 (10.9)
Sex
Female 4 (100%) 3 (50%) 2 (33%) 4 (67%) 4 (67%) 1 (100%) 3 (75%) 4 (67%) 4 (67%) 5 (71%)

Race
Asian 1 (25%) 0 0 2 (33%) 0 0 0 0 1 (17%) 0

Black or African American 0 0 0 0 1 (17%) 0 0 2 (33%) 0 1 (14%)
Other 0 0 1 (17%) 0 0 0 0 0 0 0
White 3 (75%) 6 (100%) 5 (83%) 4 (67%) 5 (83%) 1 (100%) 4 (100%) 4 (67%) 5 (83%) 6 (86%)

Data are mean (SD) or n (%), unless otherwise indicated. Vaccine groups are quantified as per μg of OAg/μg of protein. ID = intradermal. IN = intranasal. IM= intramuscular.
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study 1), were included in the modified Full Analysis Set (FAS; Figs. 1
and 2). As shown in Tables 1 and 2, for study 1 and 2 respectively, the
baseline characteristics of subjects were similar across vaccine and pla-
cebo groups.

5.2. Adverse Events

In both studies, vaccines were well tolerated after administration by
IM, ID and IN vaccination routes. Solicited events were generallymild to
moderate in severity. Vaccine-related unsolicited AEs were uncommon.
No subjects experienced SAEs or AEs leading to premature withdrawal
from the study and no deaths were reported. Among unsolicited ad-
verse events, 2 cases of grade 3 neutropenia (i.e., ANC 0.5 × 109 to
b1.0 × 109/LL; one case in each study) and 6 cases of grade 2 neutrope-
nia (i.e., ANC 1.0 × 109 to b1.5 × 109/L; 1 case in study 1 and 5 cases in
study 2) were reported. All cases of neutropenia were transient and
clinically asymptomatic, and all occurred in vaccines (N = 80) and not
in placebo recipients (N = 22); details of these neutropenia cases
have been reported and discussed elsewhere (Muturi-Kioi et al., 2016).

In study 1, injection-site pain was the most common solicited local
AE and was reported by almost all subjects receiving either vaccine or
placebo (Supplementary Table 1). Three subjects (one vaccinated with
2.9/50 μg and two vaccinated with 5.9/100 μg) reported severe local re-
actions (i.e., pain, erythema and induration)which regressed complete-
ly within 24 to 48 h. There was a significant correlation between dose
and maximum severity of pain following the first injection (Spearman
rank ρ = 0.353, P = 0.0118, df = 48) or each of the three injections
(Spearman rank ρ=0.482, P=1.1 × 10−9, df=141) although subjects
0

1

2

3

Vaccine dose (OAg/Protein µg)

Placebo 0·059/1 0·29/5 1·5/25 2·9/50 5·9/100

Fig. 3. Study 1 - reportedmaximum local pain following each IM injection. aPain score 0=
No pain; Pain score 1=Pain is present, but does not interferewith activity; Pain score 2=
Pain interferes with activity; Pain score 3 = Pain prevents daily activity. Dots represent
maximum individual pain reported after each vaccination at different doses. The blue
line represents the average pain score as a function of dose.
receiving 1.5/25, 2.9/50 to 5.9/100 had a similar range of pain scores
(Fig. 3). Subjects with pain after the first injection were likely to have
pain also after subsequent vaccinations (Spearman rank of maximum
pain vaccination 1 vs. maximum pain vaccination 2, ρ = 0.533, P =
0.00012, df= 45). Additionally, there was a strong correlation between
pain and erythema (Spearman rank ρ = 0.482, P = 1.1 × 10–9, df =
141) and pain and induration (Spearman rank ρ = 0.402, P = 6.0
× 10–7, df = 142 and Spearman rank ρ = 0.340, P = 3.8 × 10–5, df
= 139, respectively). Conversely, no significant association was found
between pain severity and antibody levels at the time of vaccination.
The most commonly reported solicited systemic AEs were myalgia,
headache, fatigue and arthralgia (Supplementary Table 1). Only one
subject, vaccinated with 0.059/1 μg, had fever, starting on day 5 after
the first dose with a peak of 38.3 °C and associated with headache, ar-
thralgia, chills and fatigue. Three subjects reported severe systemic ad-
verse events not accompanied by fever. The first subject, vaccinated
with 0.29/5 μg, had severe headache, associated with malaise and fa-
tigue, after the third vaccination. The second subject, vaccinated with
2.9/50 μg, had severe headache, arthralgia, fatigue, malaise andmyalgia
after the second dose and severe headache, arthralgia, chills, and mal-
aise after the third dose; both second and third doses were also associ-
atedwith severe local pain. After each vaccination, all reactions resolved
by day 5. The third subject, vaccinated with 5.9/100 μg, had severe fa-
tigue after the first vaccination only.

In study 2, the most commonly reported local AEs were injection-
site pain following ID and IM vaccination and rhinorrhoea following
IN vaccination (Supplementary Table 1); however, none of these local
reactions were severe. Most commonly reported solicited systemic
AEs in this study were fatigue, headache, malaise and arthralgia (Sup-
plementary Table 1). In two instances, severe systemic adverse events
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Fig. 4. Study 1 - anti-S. sonnei LPS antibody response by vaccine dose at day 85. Dots
represent individual antibody responses at different doses. The blue line represents the
geometric mean ELISA units as a function of dose.
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Fig. 6. Study 1 and Study 2 - individual antibody responses of subjects receiving vaccines
by IM route. Only subjects with antibody levels available on each analysis time point are
included. Panel A: Subjects with no detectable antibody at baseline. Subjects with zero
detectable antibody were assigned a value of 2 ELISA units (half the detectable limit) to
enable plotting. Panel B: subjects with detectable antibody at baseline. Subjects were
vaccinated on day 1, 29 and 57 with 0.059/1 μg (blue), 0.29/5 μg (green), 1.5/25 μg
(light orange), 2.9/50 μg (dark orange), or 5.9/100 μg (red). Solid line: subjects in Study
1. Dashed green line: subjects in Study 2. Broad pink line: median antibody in the high
dose group (subjects receiving ≥1.5/25 μg). Broad pale blue line: median antibody in the
low dose group (0.059/1 μg and 0.29/5 μg). Dotted line: median antibody (121 ELISA
units) measured in convalescent sera.
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were reported. One subject, vaccinated with 0.29/5 μg dose by the IM
route, had severe fatigue starting 5 days post-vaccination and lasting
for 1 day. Another subject, vaccinated with 0.29/5 μg vaccine dose by
the IN route, developed severe myalgia and fever (peak of 38.5 °C) on
the second day postfirst vaccination. This subject did not have any reac-
tion following the second and third vaccination. One additional subject,
vaccinated with 0.29/5 μg dose by the IN route, had fever starting 6 h
after vaccination (38.6 °C) and persisting until the third day post vacci-
nation (38.0 °C). All other possibly related unsolicited AEs (except neu-
tropenia reported by one subject receiving 0.12/20 μg dose by IN) were
mild to moderate in severity.

5.3. Immunogenicity

5.3.1. Pre-existing Antibody
About half of the subjects had measurable anti-LPS antibody pre-

vaccination (25/50, study 1; 23/52, Study 2). Of those with measurable
antibody, the geometric mean antibody at baseline was higher in study
1 (27.7 Units) than in study 2 (13.4) and this higher GMC reflects a
higher number (Lozano et al., 2012) of subjects with baseline titer
≥121 in study 1 compared to 1 subject in study 2.

5.3.2. Antibody Response Study 1
There was a significant correlation between dose and antibody re-

sponse on day 85, i.e. 28 days post 3rd vaccination (Spearman rank ρ
= 0.529, P = 0.00013, df = 45). The response appears to have peaked
with the 1.5/25 μg dose (Fig. 4), and the antibody responses to the
1.5/25, 2.9/50 and 5.9/100 μg doses were not significantly different
(Kruskal Wallis test). Therefore these were combined for some post
hoc analyses and are collectively called the “high dose group”. Antibody
response of subjects receiving 0.29/5 μg IM in study 2 were similar to
those of subjects in study 1. As shown in Fig. 5, reverse cumulative anti-
body distribution at day 85 for the high dose group shows a similar dis-
tribution to the antibody responsesmeasured in convalescent sera, with
a median of 305 ELISA units compared to 121 for the convalescent pa-
tients with a substantial increase in antibody level compared to the
pre-vaccination distribution. On the last day of the study, median anti-
body was still higher than the median in the convalescent patients.
(Day 225median: 241 ELISA units.) Detailed tabulations of the antibody
responses calculated according to the protocol analytical plan are
shown in the Supplementary data (Supplementary Tables 2, 3, 4 and
Supplementary Figs. 1, 2A, B).

Evaluation of the individual antibody responses suggested qualita-
tive and quantitative differences between the response of people with
and without pre-existing detectable antibody and to explore these fur-
ther post hoc analyses were carried out. The individual antibody re-
sponse of all subjects immunized IM (for both studies) are shown in
Fig. 6 for the 44 of 47 subjects for which antibody data was available
at all sampling dates. For distinction, antibody responses from the IM
group in Study 2 are shown in Fig. 6 using dashed lines.

For subjectswith no detectable antibody at baseline (Fig. 6A), the re-
sponse depended on dose: all volunteers receiving the 2.9/50 μg and
5.9/100 μg, 1 of two receiving 1.5/25 μg, 2 of 4 receiving 0.29/5 μg and
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none receiving 0.059/1 μg responded after the first vaccination. All but
one of the remaining 8 subjects developed detectable antibody after
the second vaccination, but two of these (and the non-responder) did
not meet the criterion for seroresponse. At the higher doses, most sub-
jects developedmaximum antibody after the first vaccination. On aver-
age, therewas a 47% decrease (median 56%) in antibody levels from day
85 to the last sample at day 225, although this was variable (range: 11%
increase to a 100% decrease). Median antibody responses for all high
dose subjects peaked at 151 units, thus higher that the reference
121 units in convalescent sera, while peak median antibody in the
lower dose groups was 26 units.

For subjects with detectable antibody at baseline (Fig. 6B), all sub-
jects, regardless of dose, had an increase inmeasured antibody response
following the first vaccination, including all of the subjects receiving the
two lowest doses. Two subjects in study 1 failed tomeet the criterion for
seroresponse, one receiving 0.029/5 μg and the person with the highest
pre-vaccination antibody (i.e., 2219.6 EU). Unlike the group with no
pre-existing antibody, no subject in this group had a peak antibody
after the first vaccination. Antibody decayed more slowly from day 85
to day 225 (average 19%, median 30% with a range from a 60% decrease
to a 43% increase) than in the group with no detectable antibody
at baseline. This difference was marginally significant (Spearman rank
ρ = 0.478, P = 0.038, df = 17).

5.3.3. Study 2
As indicated above, the antibody responses in the small IM group re-

ceiving 0.29/5 μg (Fig. 6, dashed line) were similar to the responses to
0.29/5 μg in the IM group of study 1. However the small group size pre-
cludes a more detailed analysis.

5.3.3.1. IN Groups.Of the 17 subjects receiving 0.29/5 μg, 1.2/20 μg or 4.8/
80 μg only one subject receiving the lower dose was a seroresponder
(8.8 ELISA units to 39.7 after third vaccination) and had any detectable
increase in antibody.

5.3.3.2. ID Groups.One of the 4 subjects receiving 0.0059/0.1 μg, just met
the seroresponser definition (24.3 ELISA units at baseline, 50.4 ELISA
units after the first vaccination). None of the other 5 volunteers in this
group, the 6 in the 0.059/1 μg, or the 4 analysable subjects who received
0.59/10 μg had a detectable antibody increase. Two subjects in the
higher dose ID group could not be analysed. One had relatively high, sta-
ble antibody levels (157 and 190 ELISA units after the first and second
vaccination, respectively), but we were unable to record the baseline
level). The second withdrew after the first vaccination. Total, secretory
and S. sonnei specific IgA were evaluated in stool samples from cohort
3 of study 2. No significant correlation was identified between vaccina-
tion (by any route) and IgA/sIgA increase (data not shown).

Cell mediated immunity was only planned and analysed in subjects
from cohort 3 of study 2;MBC did not show significant differences in the
number of subjects with detectable frequencies of IgA and IgGMBC spe-
cific for the OAg vaccine antigen, its carrier GMMA and the negative
control Human Serum Albumin (HSA). Same was true for plasmablasts,
analysed at day 7 and showing, overall, low frequencies of vaccine anti-
gen specific plasmablasts, both against the OAg and the GMMA carrier
(data not shown).

As CMI studies had been planned only for a subset of subjects immu-
nized in study 2, the cellular response of the vaccine formulations ad-
ministered intramuscularly in study 1 and associated with the highest
serological response could not be established. Complete faecal IgA stud-
ies (including results from study 1, still not tested) will be reported
elsewhere.

6. Discussion

For any new technology a primary concern is safety and
reactogenicity, especially for a vaccine that potentially contains
powerful stimulators of the innate immune system. In these studies,
we saw a correlation between dose and local reactions, but even at
the highest dose of 5.9/100 μg the vaccine had an acceptable
reactogenicity profile, which was less than that reported for the li-
censed, Outer Membrane Vesicles (OMV) containing vaccine, 4CMenB
(Toneatto et al., 2011). Importantly, as 1790GAHB comprises the outer
membrane of Shigella, it contains appreciable levels of lipid A, which
in the 1790-GMMA producing strain is genetically modified to be
penta-acylated (Gerke et al., 2015) (320 nmoles of lipid A per 100 μg
of protein, data not shown) and other potential activators of innate im-
mune responses (e.g. lipidated proteins). In pre-clinical studies, rabbits
receiving 5.9/100 μg IM had an average temperature increase of 0.4 °C
compared to controls at 4 h after injection (Gerke et al., 2015). In the
clinical studies we saw no consistent temperature change as a function
of dose and no significant pyrogenic response over the 4 hour post vac-
cination. As the ratio of lipid A to protein is relatively constant and the
structure of the outer membrane is similar in GMMA from related or-
ganisms (e.g. from other Shigella species), doses of up to at least 100
μg of protein are likely to be acceptable even though the OAg content
may vary considerably, depending on the average size of the OAg in
each GMMA.

These studies compared three routes of immunization (IN, ID and
IM), which have different theoretical advantages: IN provides a needle
free vaccination route and may elicit stronger mucosal immunity
(Zaman et al., 2013), ID may provide dose sparing (Zehrung et al.,
2013) and IM may provide strong systemic immunity and, as the stan-
dard vaccination route, may be easier to introduce into routine public
health vaccination programs. All three routes gave strong IgG responses
in rabbits when tested at the maximum human dose (Gerke et al.,
2015), with the ID route giving significantly higher antibody responses
than IM, and the IN route lower peak responses than the IM. These pre-
clinical data contrast with the clinical results, which show no detectable
immune responses in most human subjects vaccinated via the ID or IN
routes, even at the maximum doses tested. Therefore, data suggest
that ID vaccination is unlikely to be a useful route for GMMA adsorbed
on aluminium hydroxide.

Alternatively, IN results seem to be consistent with human IN vacci-
nation studies of S. flexneri 2a LPS adsorbed onto detergent extracted
Neisseria meningitidis OMV where no or minimal circulating antibody
was detected after two doses of 90 μg of LPS, but significant IgG and
serum IgA was measured following 360 μg of LPS (Fries et al., 2001).
While these subjects were given a different formulation, and a different
serotype of Shigella, measured in a different way (μg of total LPS vs μg of
OAg), never-the-less, these data suggest that the maximum IN dose in
our study of 4.8/80 μg is too low to definitively rule out the use of IN
routewith substantially larger doses. They also suggest that immunoge-
nicity responses in rabbits are not predictive of human results.

There is an interest in Shigella vaccines that induce strong mucosal
immunity (i.e. sIgA responses) (Mani et al., 2016). Our limited results,
from subjects immunized with 1790GAHB in cohort 3 of trial 2, did
not show any significant IgA response at the tested doses (i.e., 0.59/10
μg ID, 4.8/80 μg IN and 0.29/5 μg IM).We acknowledge that these results
do not preclude the possibility that the use of an adjuvant, like double
mutant LT, might induce a more robust mucosal response using the ID
or IN routes. However, the key pathogenic step in shigellosis is the inva-
sion of gut epithelial cells from the basal surface by bacteria that have
crossed into the systemic circulation via M cells (Zychlinsky et al.,
1994). Thus, although sIgA may play a role in reducing the bacterial in-
oculum, IgG is likely to play a key role in preventing disease. This central
role for systemic IgG is consistent with the demonstrated field efficacy
of an IM conjugate vaccine (Cohen et al., 1997) and the correlation be-
tween natural induced anti-OAg IgG levels and subsequent risk of infec-
tion (Cohen et al., 1991). Patients recovering from infection with
Shigella have strain specific immunity against subsequent infection
(Cohen et al., 1989). As strain specificity is determined by the anti-
OAg response, we postulate that magnitude of anti-IgG OAg responses
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in convalescent patients is an indicator of the relevance of the IgG re-
sponses elicited in the studies with 1790GAHB. Importantly, in the
study 1, subjects receiving ≥1.5/25 μg dose IM had a reverse cumulative
antibody distribution similar to that of convalescent patients, but with a
higher median antibody level (305 vs 121 ELISA-units) and a relatively
slow decay in antibody responses (median level of 241 at day 225, still
exceeding the median level in convalescent patients).

Approximately half of the subjects in these studies had detectable
anti-S. sonnei LPS antibody prior to vaccination.What induced these anti-
bodies is not known: e.g., asymptomatic or undiagnosed prior infection
with S. sonnei or exposure to organisms with a related O antigen e.g. the
Gram-negative Plesiomonas shigelloides serotype O17, which may cause
mild waterborne gastroenteritis in humans (Kubler-Kielb et al., 2008).
As subjects with pre-existing antibody tended to have stronger responses
to the vaccine and different pattern of boosting and decay kinetics, it will
be important to consider the impact of pre-exposure in future trials by
evaluating the response todifferent levels of pre-existing antibody inpop-
ulations that may benefit most from a Shigella vaccine.

These data support the development of a multivalent GMMA Shigel-
la vaccine. More importantly, the peak antibody response occurred at a
dose of 1.5/25 μg and the maximum dose tested of 5.9/100 μg was well
tolerated. These results not only support development of a multivalent
Shigella vaccine, but also other vaccines, built around the affordable
GMMA technology, with the potential to impact on major global dis-
eases of developing countries.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ebiom.2017.07.013.

Conflicts of Interest

AA, ASS, EM, SR, RM, OF, LBM, JA, AS and AP are employees of GSK.

Contributors

OL and DJML were the principal investigators; AP, AA, CG, AS, OL, PL
and DJML were involved in the design of the studies; AP, AA, EM, ASS,
SZ, JL andAMwere involved in themanagement of all stages of the stud-
ies. JA was involved in all clinical and regulatory activities of both stud-
ies. CG, LBM and AS were involved in the development of the vaccine;
SR, ZH, RM, OF, CG and DC were involved in the immunological assess-
ments; AP, AA, CG, AS, OL and DJML interpreted the results; all authors
contributed to the critical review and revision of the report and have
seen and approved the final version.

Funding

Novartis and the European Union Seventh Framework Programme
[Grant 261472 ‘STOPENTERICS’ for study 1 and Grant 280873 ‘ADITEC’
for study 2].

Acknowledgments

We thank all study participants for their time and support.We thank
all GVGH staff, who contributed with their work to make the clinical
studies possible and the entire staff at the Centre d'Investigation
Clinique Vaccinologie (CIC) Cochin-Pasteur – Paris, France and at the
Surrey Clinical Research Centre (CRC) – University of Surrey, Guilford,
United Kingdom. We also thank Mrs. Anya Bialik at Tel Aviv University
School of Public Health for the technical assistance in the calibration
studies with S. sonnei LPS antibody levels induced by natural infection.

References

Bardhan, P., Faruque, A.S., Naheed, A., Sack, D.A., 2010. Decrease in shigellosis-related
deaths without Shigella spp.-specific interventions, Asia. Emerg. Infect. Dis. 16 (11),
1718–1723.
Bowen, A., Hurd, J., Hoover, C., et al., 2015. Importation and domestic transmission of Shi-
gella sonnei resistant to ciprofloxacin - United States, May 2014–February 2015.
MMWR Morb. Mortal. Wkly Rep. 64 (12), 318–320.

Camacho, A.I., Irache, J.M., Gamazo, C., 2013. Recent progress towards development of a
Shigella vaccine. Expert Rev. Vaccines 12 (1), 43–55.

Cohen, D., Block, C., Green, M.S., Lowell, G., Ofek, I., 1989. Immunoglobulin M, A, and G an-
tibody response to lipopolysaccharide O antigen in symptomatic and asymptomatic
Shigella infections. J. Clin. Microbiol. 27 (1), 162–167.

Cohen, D., Green, M.S., Block, C., Slepon, R., Ofek, I., 1991. Prospective study of the associ-
ation between serum antibodies to lipopolysaccharide O antigen and the attack rate
of shigellosis. J. Clin. Microbiol. 29 (2), 386–389.

Cohen, D., Ashkenazi, S., Green, M.S., et al., 1997. Double-blind vaccine-controlled
randomised efficacy trial of an investigational Shigella sonnei conjugate vaccine in
young adults. Lancet 349 (9046), 155–159.

Ekdahl, K., Andersson, Y., 2005. The epidemiology of travel-associated
shigellosis—regional risks, seasonality and serogroups. J. Inf. Secur. 51 (3), 222–229.

Ferreccio, C., Prado, V., Ojeda, A., et al., 1991. Epidemiologic patterns of acute diarrhea and
endemic Shigella infections in children in a poor periurban setting in Santiago, Chile.
Am. J. Epidemiol. 134 (6), 614–627.

Fries, L.F., Montemarano, A.D., Mallett, C.P., Taylor, D.N., Hale, T.L., Lowell, G.H., 2001. Safe-
ty and immunogenicity of a proteosome-Shigella flexneri 2a lipopolysaccharide vac-
cine administered intranasally to healthy adults. Infect. Immun. 69 (7), 4545–4553.

GBD 2015 Mortality and Causes of Death Collaborators, 2016. Global, regional, and na-
tional life expectancy, all-cause mortality, and cause-specific mortality for 249 causes
of death, 1980–2015: a systematic analysis for the Global Burden of Disease Study
2015. Lancet 388 (10053), 1459–1544.

Gerke, C., Colucci, A.M., Giannelli, C., et al., 2015. Production of a Shigella sonnei vaccine
based on generalized modules for membrane antigens (GMMA), 1790GAHB. PLoS
One 10 (8), e0134478.

Gu, B., Cao, Y., Pan, S., et al., 2012. Comparison of the prevalence and changing resistance
to nalidixic acid and ciprofloxacin of Shigella between Europe-America and Asia-Afri-
ca from 1998 to 2009. Int. J. Antimicrob. Agents 40 (1), 9–17.

Herrington, D.A., Van de Verg, L., Formal, S.B., et al., 1990. Studies in volunteers to evaluate
candidate Shigella vaccines: further experience with a bivalent Salmonella typhi-Shi-
gella sonnei vaccine and protection conferred by previous Shigella sonnei disease.
Vaccine 8 (4), 353–357.

Kaminski, R.W., Oaks, E.V., 2009. Inactivated and subunit vaccines to prevent shigellosis.
Expert Rev. Vaccines 8 (12), 1693–1704.

Klontz, K.C., Singh, N., 2015. Treatment of drug-resistant Shigella infections. Expert Rev.
Anti-Infect. Ther. 13 (1), 69–80.

Kotloff, K.L., Nataro, J.P., Losonsky, G.A., et al., 1995. A modified Shigella volunteer
challenge model in which the inoculum is administered with bicarbonate buffer:
clinical experience and implications for Shigella infectivity. Vaccine 13 (16),
1488–1494.

Kotloff, K.L., Winickoff, J.P., Ivanoff, B., et al., 1999. Global burden of Shigella infections: im-
plications for vaccine development and implementation of control strategies. Bull.
World Health Organ. 77 (8), 651–666.

Kotloff, K.L., Nataro, J.P., Blackwelder, W.C., et al., 2013. Burden and aetiology of diarrhoeal
disease in infants and young children in developing countries (the Global Enteric
Multicenter Study, GEMS): a prospective, case-control study. Lancet 382 (9888),
209–222.

Kubler-Kielb, J., Schneerson, R., Mocca, C., Vinogradov, E., 2008. The elucidation of the
structure of the core part of the LPS from Plesiomonas shigelloides serotype O17 ex-
pressing O-polysaccharide chain identical to the Shigella sonnei O-chain. Carbohydr.
Res. 343 (18), 3123–3127.

Levine, M.M., Kotloff, K.L., Barry, E.M., Pasetti, M.F., Sztein, M.B., 2007. Clinical trials of Shi-
gella vaccines: two steps forward and one step back on a long, hard road. Nat. Rev.
Microbiol. 5 (7), 540–553.

Lindsay, B., Ochieng, J.B., Ikumapayi, U.N., et al., 2013. Quantitative PCR for detection of
Shigella improves ascertainment of Shigella burden in children with moderate-to-se-
vere diarrhea in low-income countries. J. Clin. Microbiol. 51 (6), 1740–1746.

Liu, J., Kabir, F., Manneh, J., et al., 2014. Development and assessment of molecular diag-
nostic tests for 15 enteropathogens causing childhood diarrhoea: a multicentre
study. Lancet Infect. Dis. 14 (8), 716–724.

Livio, S., Strockbine, N.A., Panchalingam, S., et al., 2014. Shigella isolates from the global
enteric multicenter study inform vaccine development. Clin. Infect. Dis. 59 (7),
933–941.

Lozano, R., Naghavi, M., Foreman, K., et al., 2012. Global and regional mortality from 235
causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 380 (9859), 2095–2128.

Maggiore, L., Yu, L., Omasits, U., et al., 2016. Quantitative proteomic analysis of Shigella
flexneri and Shigella sonnei generalized modules for membrane antigens (GMMA) re-
veals highly pure preparations. Int. J. Med. Microbiol. 306 (2), 99–108.

Mani, S., Wierzba, T., Walker, R.I., 2016. Status of vaccine research and development for
Shigella. Vaccine 34 (26), 2887–2894.

Muturi-Kioi, V., Lewis, D., Launay, O., et al., 2016. Neutropenia as an adverse event follow-
ing vaccination: results from randomized clinical trials in healthy adults and system-
atic review. PLoS One 11 (8), e0157385.

Passwell, J.H., Ashkenzi, S., Banet-Levi, Y., et al., 2010. Age-related efficacy of Shigella O-
specific polysaccharide conjugates in 1-4-year-old Israeli children. Vaccine 28 (10),
2231–2235.

Slifka, M.K., Ahmed, R., 1996. Limiting dilution analysis of virus-specific memory B cells by
an ELISPOT assay. J. Immunol. Methods 199 (1), 37–46.

Toneatto, D., Ismaili, S., Ypma, E., Vienken, K., Oster, P., Dull, P., 2011. The first use of an
investigational multicomponent meningococcal serogroup B vaccine (4CMenB) in
humans. Hum. Vaccin. 7 (6), 646–653.

doi:10.1016/j.ebiom.2017.07.013
doi:10.1016/j.ebiom.2017.07.013
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0005
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0005
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0005
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0010
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0010
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0010
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0015
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0015
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0020
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0020
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0020
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0025
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0025
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0025
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0030
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0030
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0030
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0035
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0035
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0040
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0040
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0040
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0045
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0045
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0045
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0050
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0050
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0050
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0050
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0055
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0055
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0055
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0060
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0060
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0060
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0065
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0065
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0065
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0065
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0070
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0070
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0075
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0075
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0080
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0080
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0080
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0080
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0085
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0085
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0085
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0090
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0090
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0090
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0090
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0095
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0095
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0095
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0095
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0100
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0100
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0100
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0105
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0105
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0105
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0110
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0110
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0110
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0115
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0115
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0115
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0120
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0120
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0120
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0125
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0125
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0125
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0130
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0130
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0135
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0135
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0135
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0140
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0140
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0140
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0145
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0145
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0150
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0150
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0150


172 O. Launay et al. / EBioMedicine 22 (2017) 164–172
Wahid, R., Simon, J.K., Picking, W.L., Kotloff, K.L., Levine, M.M., Sztein, M.B., 2013. Shi-
gella antigen-specific B memory cells are associated with decreased disease se-
verity in subjects challenged with wild-type Shigella flexneri 2a. Clin. Immunol.
148 (1), 35–43.

Zaman, M., Chandrudu, S., Toth, I., 2013. Strategies for intranasal delivery of vaccines.
Drug Deliv. Transl. Res. 3 (1), 100–109.
Zehrung, D., Jarrahian, C., Wales, A., 2013. Intradermal delivery for vaccine dose sparing:
overview of current issues. Vaccine 31 (34), 3392–3395.

Zychlinsky, A., Perdomo, J.J., Sansonetti, P.J., 1994. Molecular and cellular mechanisms of
tissue invasion by Shigella flexneri. Ann. N. Y. Acad. Sci. 730, 197–208.

http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0155
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0155
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0155
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0155
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0160
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0160
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0165
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0165
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0170
http://refhub.elsevier.com/S2352-3964(17)30286-4/rf0170

	Safety Profile and Immunologic Responses of a Novel Vaccine Against Shigella sonnei Administered Intramuscularly, Intraderm...
	1. Introduction
	2. Methods
	2.1. Study Design and Participants
	2.2. Vaccine
	2.3. Randomization and Masking

	3. Procedures
	4. Statistical Analysis
	5. Results
	5.1. Recruitment
	5.2. Adverse Events
	5.3. Immunogenicity
	5.3.1. Pre-existing Antibody
	5.3.2. Antibody Response Study 1
	5.3.3. Study 2
	5.3.3.1. IN Groups
	5.3.3.2. ID Groups



	6. Discussion
	section18
	Conflicts of Interest
	Contributors
	Funding
	Acknowledgments
	References


