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Shigella is associated with a significant burden of disease worldwide among
individuals of all ages and is the major cause of moderate and severe diarrhea in
children under five years of age in low- and middle-income countries. Several
candidate vaccines against Shigella species are currently under clinical
development. The investigational 1790GAHB vaccine against Shigella sonnei
is based on GMMA (Generalized Modules for Membrane Antigens) technology.
The vaccine was well tolerated and induced high antibody levels in early-phase
clinical trials in both Shigella-endemic and non-endemic settings. The present
analysis assessed the bactericidal activity of antibodies induced by 1790GAHB
in healthy Kenyan adults during a phase 2a, controlled, randomized study
(NCT02676895). Participants received two doses of 1790GAHB 4 weeks apart
containing either 1.5/25 pg or 6/100 pg O antigen/protein, or active
comparator vaccines (Control). Serum bactericidal activity (SBA) against S.
sonnei was assessed at pre-vaccination (D1), 28 days post-first dose (D29)
and 28 days post-second dose (D57), using a luminescence-based assay. Most
participants had SBA titers above the lower limit of quantification of the assay at
D1. SBA geometric mean titers increased 3.4-fold in the 1.5/25 pug group and
6.3-fold in the 6/100 ug group by D29 and were maintained at D57. There was
no increase in SBA geometric mean titers in the Control group. A strong
correlation was observed between SBA titers and anti-S. sonnei
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lipopolysaccharide serum immunoglobulin G antibody concentrations
(Pearson correlation coefficient = 0.918), indicating that SBA can effectively
complement enzyme-linked immunosorbent assay data by indicating the
functionality of 1790GAHB-induced antibodies.

KEYWORDS

shigella sonnei, generalized modules for membrane antigens (GMMA), 1790GAHB
vaccine, functional antibody, serum bactericidal activity, IgG, kenyan adults
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GRAPHICAL ABSTRACT

Shigella sonnei GMMA 1790GAGHB vaccine in
adults from a shigellosis-endemic country:
exploratory analysis of a phase 2a randomized study

Kapulu et al, 2022
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Introduction

Shigella is a leading global cause of diarrheal disease and
diarrheal-related mortality (1-3). It is especially responsible for
causing diarrhea in children under the age of 5 years in
developing countries (4, 5). In the Global Enteric Multicentre
Study (GEMS) conducted in Africa and South Asia, Shigella
infection was shown to be the third, second, and first cause of
moderate to severe diarrhea in children aged 0-11 months, 12-
23 months, and 24-59 months respectively (4). Shigella also has
high incidence in adults, in particular older ones, and travelers
and military personnel (3, 6, 7). The true burden of Shigella is
likely unknown, especially in low- and middle-income countries,
where access to molecular detection methods is limited. In the
GEMS study and its 1-year follow-up, most children with
quantitative polymerase chain reaction-confirmed Shigella
were culture negative (8, 9), indicating a substantial
underestimation of the true burden of disease in shigellosis-
endemic settings.

In target populations, treatment options for shigellosis are
limited and may include appropriate antibiotic use. However,
antibiotic resistance is increasing and many Shigella isolates are
resistant to common antibiotics (10-12). The Centers for
Disease Control and Prevention’s 2019 Antibiotic Resistance
Threats Report classified drug-resistant Shigella as a serious
threat, with an estimated 77,000 infections per year (13).
Fluoroquinolone-resistant Shigella species has received
medium priority from the World Health Organization for
research and development of new antibiotics (14). In this
context, the development of an effective vaccine against
Shigella is even more important.

The genus Shigella comprises four species (S. flexneri, S.
sonnei, S. dysenteriae, and S. boydii) with more than 50 serotypes
that are differentiated based on the structure of the
lipopolysaccharide (LPS) O antigen (OAg) anchored in the
outer membrane of the bacteria (15). OAg is considered
the dominant protective antigen and is the main target of
vaccine development strategies (16, 17). Several mono- or
multicomponent candidate vaccines against Shigella species are
currently under development (18-24) to address this unmet
medical need. The investigational vaccine against S. sonnei
(1790GAHB) developed using the Generalized Modules for
Membrane Antigens (GMMA) technology was demonstrated
to be well tolerated and immunogenic in healthy adults from
both Shigella endemic and non-endemic regions (25-27).
GMMA are highly immunogenic genetically modified bacterial
outer membrane particles used as antigen delivery system for
OAg (28-30).

The predominant readout for the immunogenicity of S.
sonnei 1790GAHB vaccine has been serum immunoglobulin G
(IgG) antibody level against LPS OAg. Serum bactericidal
activity (SBA) has been detected in infected individuals
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living in Shigella-endemic regions (31, 32). Even if an
immunological correlate of protection is not yet established
for Shigella, functional antibodies might be a relevant
indicator of immune protection (33). We recently reported
the bactericidal activity of sera collected from adults who
received 3 doses of 1790GAHB during a phase 1 trial in
France (34). Some of these participants also received a
booster dose. The analysis showed that vaccination induced
functional serum antibodies, active against S. sonmnei in
bactericidal assays. The booster dose administered 2-3 years
following the primary schedule induced a strong increase in
SBA titers in most of the previously vaccinated participants.
The study also demonstrated high correlations between
human anti-S. sonnei LPS IgG antibodies elicited by
1790GAHB and their functionality in terms of SBA against
S. sonnei (34).

Here, we aimed to assess the functionality of antibodies
induced by S. sonnei 17790GAHB GMMA in sera obtained
from a phase 2 clinical trial conducted in Kenyan adults
with known background immunity, including increased
antibody levels to S. sonnei LPS OAg. A summary
contextualizing the results and potential clinical relevance
and impact of the research is provided in the Plain Language
Summary (Figure 1).

Materials and methods
Study design and participants

In this post-hoc analysis, archived serum samples from a
phase 2a, observer-blind, randomized, single-center, controlled
study were used. The study was conducted at the Kenya Medical
Research Institute (KEMRI)-Wellcome Trust in Kilifi, Kenya,
between August 2016 and March 2017 (NCT02676895), as
previously described (27). In brief, healthy adults aged 18-45
years were enrolled and randomized in a 1:1:1 ratio to receive 2
vaccinations with the investigational 1790GAHB vaccine (GSK)
formulation containing 1.5 ug OAg/25 pg total protein (hereafter
referred to as the 1.5/25 pg group), or 1790GAHB vaccine
formulation containing 6 ug OAg/100 g total protein (6/100
ug group), or control vaccines (Control group) at day (D) 1 and
D29. As GMMA contain both OAg and protein components,
their quantification is provided both in terms of OAg and
protein amount (35-37). Participants in the control group
received a quadrivalent meningococcal conjugate vaccine
(Menveo, GSK) at D1 and a vaccine against tetanus,
diphtheria, and acellular pertussis (Boostrix, GSK) at D29.
Further details on study design and participants and full
description of inclusion/exclusion criteria are disclosed in the
primary publication (27). The trial was designed and conducted
in accordance with the Good Clinical Practice Guidelines and
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«Shigella bacteria cause an infection called
shigellosis.

+Shigellosis is a diarrheal disease and is
particularly lethal among children younger
than 5 years of age from low- and middle-
income countries.

+Vaccination could effectively prevent
shigellosis.

+Several Shigella vaccine candidates are in
clinical development but none of them is
licensed for global use.

+In a previous phase 2a study conducted in
healthy adults from Kenya, two doses of the
O antigen-based GMMA 1790GAHB
candidate vaccine against Shigella sonnei
were safe and induced robust immune
response.

[6) Whatisnewz |

*We tested part of the blood samples
collected in the phase 2a study using a
serum bactericidal activity assay to assess
whether vaccination induced functional
antibodies, i.e. able to kill Shigella.

« Before vaccination, functional antibodies
were detected in most participants, indicating
possible previous exposure to Shigella.

~Bactericidal activity increased substantially
after the first but not the second vaccine

dose.

Bactericidal activity titers correlated well with
antibody concentrations measured by a
conventional serological method during the
conduct of the study.

«Antibodies induced by the Shigella sonnei
vaccine in adults exposed to Shigella are
functional.

«In the absence of an antibody threshold
indicative of protection against shigellosis,
serum bactericidal activity measurements
can strengthen the assessment of antibodies.

FIGURE 1
Plain language summary

the Declaration of Helsinki. Written informed consent was
obtained before enrolment from each participant.

The current analysis evaluating SBA against S. sonnei at pre-
vaccination (D1) and 28 days after the first (D29) and second
dose (D57) of 1790GAHB vaccine was approved by the KEMRI
Science and Ethics Review Unit (KEMRI/SERU/CGMR-C/179/
3952) and the University of Oxford Tropical Ethics Committee
(OXTREC 559-19).

Procedures

The SBA analysis used only samples obtained from
volunteers who agreed, as part of the informed consenting
process, to the reuse of stored serum for further research, who
received both vaccinations, and who provided blood samples at
all time points. Blood samples were kept frozen at —80°C for
further analysis. Not all available serum samples were assessed;
exclusion criteria were budget constraints, insufficient volume of
serum for testing, and samples with clinically implausible results,
as assessed during the primary immunogenicity analysis (based
on enzyme-linked immunosorbent assay [ELISA]) (27).
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The bactericidal activity of antibodies induced by
1790GAHB against S. sonnei 53G virG:cat was assessed using
the high-throughput luminescence-based SBA assay, developed
at the GSK Vaccines Institute for Global Health (38). Detailed
description of the assay has recently been published (34). Briefly,
different dilutions of heat-inactivated test sera in phosphate
buffer saline (PBS) at pH 7 in the presence of exogenous
complement (baby rabbit complement) and bacteria were
incubated. The heat-inactivated sera were serially diluted in
PBS in the SBA plate. Log-phase cultures (optical density
[OD] 600 = 0.22 + 0.02) were prepared by starting a fresh
inoculum at OD600 = 0.05 at 37°C (stirring at 180 rpm from an
overnight liquid culture) and diluted to approximately 1 x 10°
colony forming unit/mL in PBS when log-phase was reached.
The reaction mixture containing the target bacterial cells
(20,000-25,000 bacteria per well), baby rabbit complement (at
20% final concentration), and PBS medium was added to each
well of the SBA plate containing heat-inactivated serum
dilutions, and the plates were incubated for 3 h at 37°C. After
centrifugation, the supernatant was discarded and the remaining
live bacterial pellets were resuspended in PBS, transferred in a
white round-bottom 96-well plate and mixed (1:1 volumes) with
BacTiter-Glo Reagent (Promega, Southampton, United
Kingdom). The mixture was incubated for 5 minutes at room
temperature on an orbital shaker, and the luminescence signal
was measured by a luminometer (Synergy HT, Biotek,
Swindon, UK).

The lower limit of quantification (LLOQ) was set to 33.5
inhibitory concentration (IC)50, while half the LLOQ (16.75)
was assigned to participants with antibody titers below the
LLOQ for the purpose of statistical analysis. IC50 represented
the reciprocal of the serum dilution that resulted in killing 50%
of the bacteria present in the assay.

Statistical analysis

This was an exploratory analysis; therefore, the sample size
calculation was not driven by statistical considerations but was
based on samples available for testing. SBA geometric mean
titers (GMTs) and associated 95% confidence intervals (CIs)
were calculated at each time point by exponentiating (base 10)
the corresponding arithmetic means and the lower and upper
limit of the 95% ClIs of the arithmetic means of logarithmically-
transformed titers (base 10). Geometric mean ratios (GMRs) and
associated 95% ClIs were calculated for titers at D29 and D57
versus D1 by exponentiating (base 10) the mean within-
participant differences in logarithmically-transformed titers
and the corresponding 95% CIs. The number and percentage
of participants with a 4-fold increase in SBA titers at D29 and
D57 as compared to D1 were also computed with their 95%
Clopper-Pearson Cls.
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Description of anti-S. sonnei LPS serum IgG antibody
responses was reported in the primary publication (27). The
correlation between SBA titers and anti-S. sonnei LPS serum IgG
antibody concentrations was assessed by calculating Pearson’s
correlation coefficient r on logarithmically-transformed (base
10) values at all time points and overall.

Results

In total, sera from 65 consenting participants met inclusion
criteria. Ten participants from the Control group were excluded
due to budget constraints and 5 participants were excluded due
to clinically implausible results, as previously described in detail
(27). Thus, 150 serum samples from 50 participants were
included in the current analysis: 19 participants from the 1.5/
25 pg group; 22 participants from the 6/100 ug group; and 9
participants from the Control group. The mean age at first
vaccination was 26.9 years and 90% of participants were
male (Table 1).

The baseline (D1) SBA titers were above the LLOQ in 90%
(45/50) of participants. SBA GMT's were 311.2 (95% CI: 162.5—
596.1) in the 1.5/25 pg group, 309.2 (95% CI: 153.4-623.4) in the
6/100 pg group and 298.7 (95% CI: 55.2-1616.8) in the Control
group (Figure 2). At D29, SBA GMTs increased to 1056.0 (95%
CL: 630.4-1768.7) and 1931.4 (95% CI: 1044.3-3572.0) in the
1.5/25 pg and 6/100 pg group, respectively. A slight increase was
further observed at D57. In the Control group, GMT levels
remained similar to those observed at D1 at both post-vaccination
time points. When comparing post-vaccination GMTs to pre-
vaccination titers, GMRs were >3.4 in the 1.5/25 ug group
and 26.3 in the 6/100 pg group (Figure 2). In the 1.5/25 pg
group, 32% (6/19) of participants and 42% (8/19) of participants
reached 4-fold increase in SBA titers at D29 and D57, respectively.
In the 6/100 pg group, 4-fold increases were detected in 50% (11/
22) of participants at D29 and 64% (14/22) of participants at D57.
Reverse cumulative distribution curves also indicated an elevated
SBA by D29 as compared to D1 (Figure 3).

A strong positive correlation between SBA titers and anti-S.
sonnei LPS IgG antibody concentrations was observed, the

10.3389/fimmu.2022.971866

Pearson coefficients being >0.886 across all timepoints and
0.918 overall (Figure 4). Individual data are provided in
Supplementary Table 1.

Discussion

This study is the first to present SBA against S. sonnei in
African, shigellosis-endemic settings, providing initial evidence
that SBA is augmented by vaccination with 1790GAHB. A
certain level of background exposure to Shigella is expected in
endemic settings even among children under 5 years of age, who
are the age group at the highest risk and should be primarily
targeted by vaccination. An effective vaccine would therefore
need to improve the bactericidal activity present at baseline.
Most of the participants in this study were likely to be previously
exposed to Shigella as confirmed by the detectable pre-
vaccination titers. Pre-vaccination SBA GMTs (>298.7) were
slightly higher than levels observed after 2 doses of 1790GAHB,
in individuals who participated in a phase 2b human challenge
trial from the United States (US) (171.1 after receiving the 1.5/25
ug formulation) (39) or in the phase 1 study from France (237
after the 6/100 ug formulation in participants with baseline anti-
S. sonnei LPS serum IgG antibody levels above or equal to the
LLOQ for ELISA) (34). Despite these high background titers in
African adults, 1790GAHB was able to further increase the levels
of functional antibodies; 28 days after the first dose, titers were
3.4-fold higher in the 1.5/25 pg group and 6.3-fold higher in the
6/100 pg group as compared to D1, indicating a clear association
between the OAg dose in the vaccine formulation and
bactericidal antibody levels induced by the vaccine. SBA
GMTs were elevated post-first immunization, and only
increased slightly at D57. The same trend was previously
observed for the anti-S. sonnei LPS serum IgG antibody
concentrations measured by ELISA during the primary study.
At D29, compared to baseline, antibody levels increased 2.1-fold
(from 971 to 2038) in the 1.5/25 pg group and 4.4-fold (from
1196 to 5301) in the 6/100 pg group, while no substantial
increase was observed following the second dose (27). Taken
together, the SBA results of this analysis and IgG antibody

TABLE 1 Demographic characteristics of the study participants included in the SBA analysis.

1.5/25 pg group (N=19)

Age (mean * SD), years 255+ 6.2
Male, n (%) 18 (94.7)
Female, n (%) 1(5.3)
Race, n (%)

Black 18 (94.7)
White 1(5.3)

6/100 pg group (N=22)

Control group (N=9) Total (N=50)

27.1 + 8.0 294 + 69 269 + 7.1
19 (86.4) 8 (88.9) 45 (90.0)
3 (13.6) 1(11.1) 5 (10.0)

22 (100.0) 9 (100.0) 49 (98.0)

0 (0.0) 0 (0.0) 1(2.0)

SBA, serum bactericidal activity; N, total number of participants; n (%), number (percentage) of participants in each category; SD, standard deviation.;1.5/25 ug group, participants receiving
the 1.5/25 pg O antigen/protein vaccine formulation; 6/100 pg group, participants receiving the 6/100 pug O antigen/protein vaccine formulation; Control, participants receiving a

quadrivalent meningococcal conjugate vaccine at Day 1 and a vaccine against tetanus, diphtheria, and acellular pertussis at Day 29.
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FIGURE 2

SBA geometric mean titers and within-participant geometric mean ratios at all time points (full analysis set). SBA, serum bactericidal activity;
GMR, geometric mean ratio; Cl, confidence interval; IC50, reciprocal of the serum dilution that results in killing 50% of the bacteria present in
the assay; LLOQ, the lower limit of quantification of the assay; Day 1, pre-vaccination; Day 29, 28 days post-first vaccination; Day 57, 28 days
post-second vaccination; 1.5/25 pg group, participants receiving the 1.5/25 ug O antigen/protein vaccine formulation; 6/100 pg group,
participants receiving the 6/100 pug O antigen/protein vaccine formulation; Control, participants receiving a quadrivalent meningococcal
conjugate vaccine at Day 1 and a vaccine against tetanus, diphtheria, and acellular pertussis at Day 29. Points represent individual data. Numbers
at the base of the bars are the GMT values. Error bars depict 95% Cls. Note: Half the LLOQ (16.75 IC50) was assigned to participants with
antibody titers below the LLOQ when calculating SBA GMTs.

responses assessed in all participants in the primary study (27)
suggest that an increased OAg/protein dose might enhance the
immunogenicity of future S. sonnei GMMA vaccine
formulations. We observed a strong correlation between SBA
titers and anti-S. sonnei LPS serum IgG antibody concentrations

at all time points, as previously reported post-vaccination with
1790GAHB (34).

Trends in the SBA levels over time in the present analysis
were in line with those observed in participants from countries
non-endemic to shigellosis. In the phase 1 dose-escalation study
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FIGURE 3

Reverse cumulative distribution curves for SBA titers (full analysis set). Day 1, pre-vaccination; Day 29, 28 days post-first vaccination; Day 57, 28
days post-second vaccination; 1.5/25 pg group, participants receiving the 1.5/25 pg O antigen/protein vaccine formulation; 6/100 ug group,
participants receiving the 6/100 ug O antigen/protein vaccine formulation; Control, participants receiving a quadrivalent meningococcal
conjugate vaccine at Day 1 and a vaccine against tetanus, diphtheria, and acellular pertussis at Day 29.
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Correlation between anti-S. sonnei LPS serum IgG antibody concentrations and SBA titers (full analysis set). SBA, serum bactericidal activity;
ELISA, enzyme-linked immunosorbent assay; IgG, immunoglobulin G; Day 1, pre-vaccination; Day 29, 28 days post-first vaccination; Day 57, 28
days post-second vaccination; 1.5/25 pg group, participants receiving the 1.5/25 pg O antigen/protein vaccine formulation; 6/100 pg group,
participants receiving the 6/100 pg O antigen/protein vaccine formulation; Control, participants receiving a quadrivalent meningococcal
conjugate vaccine at Day 1 and a vaccine against tetanus, diphtheria, and acellular pertussis at Day 29.

from France, SBA levels increased 2.9-fold from D1 to D29 in
participants who received the 1.5/25 ug dose and 3.8-fold in
those receiving the 6/100 pg dose. The study also demonstrated
the persistence of functional antibody levels up to 6 months after
vaccination (34). In the S. sonnei human challenge study in the
US, all participants received the 1.5/25 ug vaccine formulation.
Those individuals who did not develop shigellosis following the
administration of the challenge agent, had significantly higher
SBA GMTs at both D1 compared with individuals who
developed shigellosis post-challenge; GMRs (D29 versus D1)
were also higher in protected (3.9) than unprotected (1.5)
individuals (39). These results suggest a protective effect of
high bactericidal antibody levels against shigellosis, which is
paramount, particularly in endemic settings. Literature data
related to the functionality of antibodies induced by Shigella
vaccines are scarce. A recent study also reported a strong
association between S. flexneri 2a-specific SBA titers in human
adult volunteers and reduced clinical disease post-challenge with
wild-type organisms (40), thus supporting the value of SBA
assays to potentially predict vaccine efficacy. SBA has already
been assessed during the clinical development of several vaccines
against Shigella. In a study conducted by Cohen et al. in healthy
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adult volunteers from Israel, robust post-vaccination SBA titers
were reported for the synthetic carbohydrate-based conjugate
vaccine SF2a-TT15 against S. flexneri as compared to baseline
(18). In a human challenge study conducted in the US, following
vaccination with Flexyn2a (containing the S. flexneri 2a O-
polysaccharide to Pseudomonas aeruginosa exotoxin),
vaccinees protected had higher SBA titers compared to those
not protected post-challenge (41). In another study conducted
among Bangladeshi adults and children, the live-attenuated oral
candidate vaccine against S. sonnei (WRSS1) did not induce SBA
in adults as compared to placebo recipients, but a significant
increase in SBA titers was detected in children who received
WRSSI (42).

The percentage of participants with 4-fold increase in post-
vaccination SBA titers, as compared to titers at D1, tended to
increase with OAg/protein dose, reaching 42% in the 1.5/25 ug
group and 64% in the 6/100 ug group at D57. However, these
data should be carefully interpreted. The high pre-vaccination
SBA titers observed in this study may have resulted in some
participants not reaching 4-fold increase, despite achieving high
SBA levels. The use of a 4-fold criterion might lead to discordant
results as it can underestimate the number of responders to
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vaccination in populations with high pre-existing antibody levels
(43). Moreover, there is no evidence that the observed 4-fold
increase in IgG antibody levels can be directly correlated with
fold-increases in SBA titers because not all IgG subclasses fix
complement equally (44, 45) and other immunoglobulin
isotypes with complement-fixing activities are also present in
the serum.

The small sample size might be considered as a potential
limitation of the study. Additionally, 89% of participants in the
primary study, and as a consequence most participants (90%)
included in our analysis, were male which may limit the
generalizability of the results. However, there is no literature
indicating any differences between Kenyan males and females in
terms of immune response, frequency of vaccination-related
adverse events, or susceptibility to infection with Shigella.

The high-throughput luminescence-based SBA assay used in
this study is a well-established method, able to analyze a large
number of samples in a short period of time, requiring small
volumes of serum and providing consistent results as demonstrated
in previous studies (34, 39). Therefore, it can be suitably used in
future trials to assess the functionality of antibodies induced by
Shigella vaccines. Moreover, the optimization of the luminescence-
based SBA, by reduction in the LLOQ from 100 used in previous
trials to 33.5 applied here (38), allowed higher sensitivity analysis of
functional antibodies and a more accurate characterization of
immune response to 1790GAHB in an adult population with pre-
existing antibodies to S. sonnei.

In conclusion, vaccination with 1790GAHB increased baseline
SBA levels in adults from shigellosis-endemic settings. SBA titers
strongly correlated with anti-S. sonnei LPS serum IgG antibody
concentrations at all timepoints, indicating robust bactericidal
activity of antibodies triggered by both natural exposure and
vaccination. The mechanisms of protection against Shigella
are multiple and have not fully been elucidated. However,
antibody functionality, including bactericidal activity and
opsonophagocytosis, may also be correlated with protective
immunity against shigellosis (33, 40). Therefore, when
evaluating immune responses, both the functionality and the
binding capacity of vaccine-induced Shigella-specific antibodies
should be assessed. There is no established correlate of protection
against shigellosis for either ELISA or SBA, though considerable
effort is devoted for standardizing ELISA measurements and
ensuring comparability across different vaccine development
programs. In the absence of a protective ELISA threshold and
considering the strong correlation between the assays, SBA can
effectively complement ELISA data by indicating the functionality
of vaccine-induced antibodies.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession

Frontiers in Immunology

08

10.3389/fimmu.2022.971866

number(s) can be found below: Anonymized individual participant
data and study documents can be provided upon request from
www.clinicalstudydatarequest.com.

Ethics statement

The current analysis evaluating SBA against S. sonnei at
pre-vaccination (D1) and 28 days after the first (D29) and
second dose (D57) of 1790GAHB vaccine was approved by the
KEMRI Science and Ethics Review Unit (KEMRI/SERU/
CGMR-C/179/3952) and the University of Oxford Tropical
Ethics Committee (OXxTREC 559-19). The patients/
participants provided their written informed consent to
participate in this study.

Author contributions

AA, PB, VC, LM, EM, UN, EN, PN, CO, AP, OR, ES and
AS were involved in the study conception and design. AA,
MK, LM, UN, CO, AP, OR and ES were involved in
acquisition and generation of data. MK, LM, UN, EN, OR
and ES performed the study. AA, LM, FM, FN, CO, OR and
ES contributed to materials/analysis/reagent tools. PB, VC,
MK, FM, UN, FN, PN, AP, OR and ES were involved in data
analysis and data interpretation. All authors contributed
substantially to the development of the manuscript and
approved the final version.

Funding

GlaxoSmithKline Biologicals SA funded this analysis and
took responsibility for all costs associated with the development
of the present manuscript.

Acknowledgments

The contribution of study participants and the current and
former GVGH staff members is gratefully acknowledged, and
especially Antonio Di Pasquale, Elisa Marchetti, Joachim
Auerbach, Augustin G. W. Ndiaye. The authors thank Kishor
Mariyala, Sateesh Aravapalli, and Rob Mulder for providing
statistical programming activities. The authors would also like to
thank Modis for editorial assistance, manuscript coordination,
and design support, on behalf of GSK. Botond Nagy and
Petronela Petrar provided medical writing support; Gil Costa
provided design support, and Ana de la Grandiere coordinated
manuscript development.

frontiersin.org


http://www.clinicalstudydatarequest.com
https://doi.org/10.3389/fimmu.2022.971866
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Kapulu et al.

Conflict of interest

The study was funded by GlaxoSmithKline Biologicals SA.
The funder was involved in study design, data collection and
analysis, decision to publish and preparation of the manuscript.
AA, VC, EM UN, EN, OR, ES and AS are employees of the GSK
group of companies. LM and AP were employees of the GSK
group of companies at the time of the study and are no longer
affiliated with GSK. VC, LM and AP hold shares in the GSK
group of companies. PB institution received funding from GSK
group of companies for the conduct of the present study. Laura
B. Martin declares 2 patents (W02016202872 - Immunogenic
compositions & W02021074352 - Novel vaccine compositions).

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be constructed as a potential conflict of interest.

References

1. GBD 2016 Diarrhoeal Disease Collaborators. Estimates of the global,
regional, and national morbidity, mortality, and aetiologies of diarrhoea in
195 countries: A systematic analysis for the global burden of disease study
2016. Lancet Infect Dis (2018) 18(11):1211-28. doi: 10.1016/S1473-3099(18)
30362-1

2. GBD 2017 Causes of Death Collaborators. Global, regional, and national
age-sex-specific mortality for 282 causes of death in 195 countries and
territories, 1980-2017: A systematic analysis for the global burden of disease
study 2017. Lancet (2018) 392(10159):1736-88. doi: 10.1016/s0140-6736(18)
32203-7

3. Khalil IA, Troeger C, Blacker BF, Rao PC, Brown A, Atherly DE, et al.
Morbidity and mortality due to Shigella and enterotoxigenic Escherichia coli
diarrhoea: The global burden of disease study 1990-2016. Lancet Infect Dis
(2018) 18(11):1229-40. doi: 10.1016/s1473-3099(18)30475-4

4. Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam
S, et al. 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 (2013) 382(9888):209-22. doi: 10.1016/s0140-6736(13)
60844-2

5. Platts-Mills JA, Babji S, Bodhidatta L, Gratz J, Haque R, Havt A, et al.
Pathogen-specific burdens of community diarrhoea in developing countries: A
multisite birth cohort study (MAL-ED). Lancet Glob Health (2015) 3(9):¢564-75.
doi: 10.1016/S2214-109X(15)00151-5

6. Ekdahl K, Andersson Y. The epidemiology of travel-associated shigellosis-
regional risks, seasonality and serogroups. J Infect (2005) 51(3):222-9. doi: 10.1016/
1,jinf.2005.02.002

7. Riddle MS. Is a Shigella vaccine needed for travellers and the military? J
Travel Med (2018) 25(1). doi: 10.1093/jtm/tay049

8. Levine MM, Nasrin D, Acacio S, Bassat Q, Powell H, Tennant SM, et al.
Diarrhoeal disease and subsequent risk of death in infants and children residing in
low-income and middle-income countries: Analysis of the GEMS case-control
study and 12-month GEMS-1A follow-on study. Lancet Glob Health (2020) 8(2):
€204-14. doi: 10.1016/s2214-109x(19)30541-8

9. Liu J, Platts-Mills JA, Juma J, Kabir F, Nkeze J, Okoi C, et al. Use of
quantitative molecular diagnostic methods to identify causes of diarrhoea in
children: A reanalysis of the GEMS case-control study. Lancet (2016) 388
(10051):1291-301. doi: 10.1016/s0140-6736(16)31529-x

10. Puzari M, Sharma M, Chetia P. Emergence of antibiotic resistant Shigella
species: A matter of concern. J Infect Public Health (2018) 11(4):451-4.
doi: 10.1016/j.jiph.2017.09.025

11. Rahman M, Haque AF, Deeba I, Ahmed D, Zahidi T, Rimu A, et al
Emergence of extensively drug-resistant Shigella sonnei in Bangladesh. Immunol
Infect Dis (2017) 5(1):1-9. doi: 10.13189/iid.2017.050101

12. Klontz KC, Singh N. Treatment of drug-resistant Shigella infections. Expert
Rev Anti Infect Ther (2015) 13(1):69-80. doi: 10.1586/14787210.2015.983902

Frontiers in Immunology

09

10.3389/fimmu.2022.971866

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2022.971866/full#supplementary-material

13. Centers for Disease Control and Prevention. Antibiotic resistance threats in
the United States (2019). Available at: https://www.cdc.gov/drugresistance/pdf/
threats-report/2019-ar-threats-report-508.pdf.

14. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL,
et al. Discovery, research, and development of new antibiotics: The WHO priority
list of antibiotic-resistant bacteria and tuberculosis. Lancet Infect Dis (2018) 18
(3):318-27. doi: 10.1016/s1473-3099(17)30753-3

15. Mattock E, Blocker AJ. How do the virulence factors of Shigella work together to
cause disease? Front Cell Infect Mi (2017) 7:64(64). doi: 10.3389/fcimb.2017.00064

16. Cohen D, Meron-Sudai S, Bialik A, Asato V, Goren S, Ariel-Cohen O, et al.
Serum IgG antibodies to Shigella lipopolysaccharide antigens - a correlate of
protection against shigellosis. Hum Vaccin Immunother (2019) 15(6):1401-8.
doi: 10.1080/21645515.2019.1606971

17. Mani S, Wierzba T, Walker RI. Status of vaccine research and development
for Shigella. Vaccine (2016) 34(26):2887-94. doi: 10.1016/j.vaccine.2016.02.075

18. Cohen D, Atsmon J, Artaud C, Meron-Sudai S, Gougeon M-L, Bialik A, et al.
Safety and immunogenicity of a synthetic carbohydrate conjugate vaccine against
Shigella flexneri 2a in healthy adult volunteers: a phase 1, dose-escalating, single-
blind, randomised, placebo-controlled study. Lancet Infect Dis (2021) 21(4):546—
58. doi: 10.1016/51473-3099(20)30488-6

19. Frenck RWJr., Bagar S, Alexander W, Dickey M, McNeal M, El-Khorazaty J,
et al. A phase I trial to evaluate the safety and immunogenicity of WRSs2 and
WRSs3; two live oral candidate vaccines against Shigella sonnei. Vaccine (2018) 36
(32 Pt B):4880-9. doi: 10.1016/j.vaccine.2018.06.063

20. Riddle MS, Kaminski RW, Di Paolo C, Porter CK, Gutierrez RL, Clarkson
KA, et al. Safety and immunogenicity of a candidate bioconjugate vaccine against
Shigella flexneri 2a administered to healthy adults: A single-blind, randomized phase I
study. Clin Vaccine Immunol (2016) 23(12):908-17. doi: 10.1128/cvi.00224-16

21. van der Put RMF, Kim TH, Guerreiro C, Thouron F, Hoogerhout P,
Sansonetti PJ, et al. A synthetic carbohydrate conjugate vaccine candidate against
shigellosis: Improved bioconjugation and impact of alum on immunogenicity.
Bioconjug Chem (2016) 27(4):883-92. doi: 10.1021/acs.bioconjchem.5b00617

22. Talaat KR, Alaimo C, Martin P, Bourgeois AL, Dreyer AM, Kaminski RW,
et al. Human challenge study with a Shigella bioconjugate vaccine: Analyses of
clinical efficacy and correlate of protection. EBioMedicine (2021) 66:103310.
doi: 10.1016/j.ebiom.2021.103310

23. Turbyfill KR, Clarkson KA, Vortherms AR, Oaks EV, Kaminski RW.
Assembly, biochemical characterization, immunogenicity, adjuvanticity, and
efficacy of Shigella artificial invaplex. mSphere (2018) 3(2):e00583-00517.
doi: 10.1128/mSphere.00583-17

24. Micoli F, Nakakana UN, Berlanda Scorza F. Towards a four-component
GMMA-based vaccine against Shigella. Vaccines (Basel) (2022) 10(2):328.
doi: 10.3390/vaccines10020328

25. Launay O, Lewis DJM, Anemona A, Loulergue P, Leahy J, Sciré AS, et al.
Safety profile and immunologic responses of a novel vaccine against Shigella sonnei

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2022.971866/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.971866/full#supplementary-material
https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1016/s0140-6736(18)32203-7
https://doi.org/10.1016/s0140-6736(18)32203-7
https://doi.org/10.1016/s1473-3099(18)30475-4
https://doi.org/10.1016/s0140-6736(13)60844-2
https://doi.org/10.1016/s0140-6736(13)60844-2
https://doi.org/10.1016/S2214-109X(15)00151-5
https://doi.org/10.1016/j.jinf.2005.02.002
https://doi.org/10.1016/j.jinf.2005.02.002
https://doi.org/10.1093/jtm/tay049
https://doi.org/10.1016/s2214-109x(19)30541-8
https://doi.org/10.1016/s0140-6736(16)31529-x
https://doi.org/10.1016/j.jiph.2017.09.025
https://doi.org/10.13189/iid.2017.050101
https://doi.org/10.1586/14787210.2015.983902
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://doi.org/10.1016/s1473-3099(17)30753-3
https://doi.org/10.3389/fcimb.2017.00064
https://doi.org/10.1080/21645515.2019.1606971
https://doi.org/10.1016/j.vaccine.2016.02.075
https://doi.org/10.1016/S1473-3099(20)30488-6
https://doi.org/10.1016/j.vaccine.2018.06.063
https://doi.org/10.1128/cvi.00224-16
https://doi.org/10.1021/acs.bioconjchem.5b00617
https://doi.org/10.1016/j.ebiom.2021.103310
https://doi.org/10.1128/mSphere.00583-17
https://doi.org/10.3390/vaccines10020328
https://doi.org/10.3389/fimmu.2022.971866
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Kapulu et al.

administered intramuscularly, intradermally and intranasally: Results from two
parallel randomized phase 1 clinical studies in healthy adult volunteers in Europe.
EBioMedicine (2017) 22:164-72. doi: 10.1016/j.ebiom.2017.07.013

26. Launay O, Ndiaye AGW, Conti V, Loulergue P, Scire AS, Landre AM, et al.
Booster vaccination with GVGH Shigella sonnei 1790GAHB GMMA vaccine
compared to single vaccination in unvaccinated healthy European adults: Results
from a phase 1 clinical trial. Front Immunol (2019) 10:335. doi: 10.3389/
fimmu.2019.00335

27. Obiero CW, Ndiaye AGW, Sciré AS, Kaunyangi BM, Marchetti E, Gone
AM, et al. A phase 2a randomized study to evaluate the safety and immunogenicity
of the 1790GAHB generalized modules for membrane antigen vaccine against
Shigella sonnei administered intramuscularly to adults from a shigellosis-endemic
country. Front Immunol (2017) 8:1884. doi: 10.3389/fimmu.2017.01884

28. Mancini F, Gasperini G, Rossi O, Aruta MG, Raso MM, Alfini R, et al.
Dissecting the contribution of O-antigen and proteins to the immunogenicity of
Shigella sonnei generalized modules for membrane antigens (GMMA). Sci Rep
(2021) 11(1):906. doi: 10.1038/s41598-020-80421-y

29. Mancini F, Micoli F, Necchi F, Pizza M, Berlanda Scorza F, Rossi O.
GMMA-based vaccines: The known and the unknown. Front Immunol (2021)
12:715393. doi: 10.3389/fimmu.2021.715393

30. Micoli F, MacLennan CA. Outer membrane vesicle vaccines. Semin
Immunol (2020) 50:101433. doi: 10.1016/j.smim.2020.101433

31. Sayem MA, Ahmad SM, Rekha RS, Sarker P, Agerberth B, Talukder KA,
et al. Differential host immune responses to epidemic and endemic strains of
Shigella dysenteriae type 1. ] Health Popul Nutr (2011) 29(5):429-37. doi: 10.3329/
jhpn.v29i5.8896

32. Rahman M]J, Sarker P, Roy SK, Ahmad SM, Chisti J, Azim T, et al. Effects of
zinc supplementation as adjunct therapy on the systemic immune responses in
shigellosis. Am J Clin Nutr (2005) 81(2):495-502. doi: 10.1093/ajcn.81.2.495

33. Ndungo E, Pasetti MF. Functional antibodies as immunological endpoints
to evaluate protective immunity against Shigella. Hum Vaccin Immunother (2020)
16(1):197-205. doi: 10.1080/21645515.2019.1640427

34. Micoli F, Rossi O, Conti V, Launay O, Sciré AS, Aruta MG, et al. Antibodies
elicited by the Shigella sonnei GMMA vaccine in adults trigger complement-
mediated serum bactericidal activity: Results from a phase 1 dose escalation trial
followed by a booster extension. Front Immunol (2021) 12:671325. doi: 10.3389/
fimmu.2021.671325

35. Gerke C, Colucci AM, Giannelli C, Sanzone S, Vitali CG, Sollai L, et al.
Production of a shigella sonnei vaccine based on generalized modules for
membrane antigens (GMMA), 1790GAHB. PloS One (2015) 10(8):e0134478.
doi: 10.1371/journal.pone.0134478

36. Rossi O, Maggiore L, Necchi F, Koeberling O, MacLennan CA, Saul A, et al.
Comparison of colorimetric assays with quantitative amino acid analysis for
protein quantification of generalized modules for membrane antigens (GMMA).
Mol Biotechnol (2015) 57(1):84-93. doi: 10.1007/s12033-014-9804-7

Frontiers in Immunology

10

10.3389/fimmu.2022.971866

37. Micoli F, Alfini R, Giannelli C. Methods for assessment of OMV/GMMA
quality and stability. Methods Mol Biol (2022) 2414:227-79. doi: 10.1007/978-1-
0716-1900-1_14

38. Rossi O, Molesti E, Saul A, Giannelli C, Micoli F, Necchi F. Intra-laboratory
evaluation of luminescence based high-throughput serum bactericidal assay (L-
SBA) to determine bactericidal activity of human sera against Shigella. High
Throughput (2020) 9(2):14. doi: 10.3390/ht9020014

39. Frenck RW, Conti V, Ferruzzi P, Ndiaye AGW, Parker S, McNeal MM, et al.
Efficacy, safety, and immunogenicity of the Shigella sonnei 1790GAHB GMMA
candidate vaccine: Results from a phase 2b randomized, placebo-controlled
challenge study in adults. EClinicalMedicine (2021) 39:101076. doi: 10.1016/
j.eclinm.2021.101076

40. Shimanovich AA, Buskirk AD, Heine SJ, Blackwelder WC, Wahid R, Kotloft
KL, et al. Functional and antigen-specific serum antibody levels as correlates of
protection against shigellosis in a controlled human challenge study. Clin Vaccine
Immunol (2017) 24(2):¢00412-00416. doi: 10.1128/cvi.00412-16

41. Clarkson KA, Talaat KR, Alaimo C, Martin P, Bourgeois AL, Dreyer A, et al.
Immune response characterization in a human challenge study with a Shigella
flexneri 2a bioconjugate vaccine. EBioMedicine (2021) 66:103308. doi: 10.1016/
j.ebiom.2021.103308

42. Sarker P, Mily A, Ara A, Haque F, Maier N, Wierzba TF, et al. Functional
antibodies and innate immune responses to WRSS1, a live oral Shigella sonnei
vaccine candidate, in Bangladeshi adults and children. J Infect Dis (2021) 224(12
Suppl 2):5829-s839. doi: 10.1093/infdis/jiab395

43. Saul A, Podda A, Rappuoli R. The use and abuse of a 4-fold increase in
antibody response to assess immunogenicity in early stage vaccine clinical trials.
Vaccine (2020) 38(5):951-3. doi: 10.1016/j.vaccine.2019.11.067

44. Vidarsson G, Dekkers G, Rispens T. IgG subclasses and allotypes: From
structure to effector functions. Front Immunol (2014) 5:520. doi: 10.3389/
fimmu.2014.00520

45. Michaelsen TE, Garred P, Aase A. Human IgG subclass pattern of inducing
complement-mediated cytolysis depends on antigen concentration and to a lesser
extent on epitope patchiness, antibody affinity and complement concentration. Eur
J Immunol (1991) 21(1):11-6. doi: 10.1002/eji.1830210103

COPYRIGHT

© 2022 Kapulu, Nakakana, Scir€, Sarakinou, Conti, Rossi, Acquaviva,
Necchi, Obiero, Martin, Bejon, Njuguna, Micoli and Podda. This is an open-
access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply
with these terms.

frontiersin.org


https://doi.org/10.1016/j.ebiom.2017.07.013
https://doi.org/10.3389/fimmu.2019.00335
https://doi.org/10.3389/fimmu.2019.00335
https://doi.org/10.3389/fimmu.2017.01884
https://doi.org/10.1038/s41598-020-80421-y
https://doi.org/10.3389/fimmu.2021.715393
https://doi.org/10.1016/j.smim.2020.101433
https://doi.org/10.3329/jhpn.v29i5.8896
https://doi.org/10.3329/jhpn.v29i5.8896
https://doi.org/10.1093/ajcn.81.2.495
https://doi.org/10.1080/21645515.2019.1640427
https://doi.org/10.3389/fimmu.2021.671325
https://doi.org/10.3389/fimmu.2021.671325
https://doi.org/10.1371/journal.pone.0134478
https://doi.org/10.1007/s12033-014-9804-7
https://doi.org/10.1007/978-1-0716-1900-1_14
https://doi.org/10.1007/978-1-0716-1900-1_14
https://doi.org/10.3390/ht9020014
https://doi.org/10.1016/j.eclinm.2021.101076
https://doi.org/10.1016/j.eclinm.2021.101076
https://doi.org/10.1128/cvi.00412-16
https://doi.org/10.1016/j.ebiom.2021.103308
https://doi.org/10.1016/j.ebiom.2021.103308
https://doi.org/10.1093/infdis/jiab395
https://doi.org/10.1016/j.vaccine.2019.11.067
https://doi.org/10.3389/fimmu.2014.00520
https://doi.org/10.3389/fimmu.2014.00520
https://doi.org/10.1002/eji.1830210103
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fimmu.2022.971866
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Complement-mediated serum bactericidal activity of antibodies elicited by the Shigella sonnei GMMA vaccine in adults from a shigellosis-endemic country: Exploratory analysis of a Phase 2a randomized study
	Introduction
	Materials and methods
	Study design and participants
	Procedures
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


