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Abstract: The development and licensure of a safe and highly efficacious Shigella vaccine has been
a priority in international public health circles for decades and would represent a great scientific
achievement. Nonetheless, in the context of increasingly crowded and costly childhood immunization
programs, and with a myriad of other new and improved vaccines currently or soon on the market,
there is no guarantee that even a highly effective Shigella vaccine would become a priority for adoption
and introduction by the low- and middle-income countries that could benefit from it the most. We
discuss here some of the major determinants and questions regarding the introduction of Shigella
vaccines and the importance of developing a succinct, compelling public health value proposition.
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1. The Need to Articulate the Value of a Vaccine: General Considerations

Proof of concept was established more than a decade ago that a vaccine effective in
adults against the major diarrheal disease pathogen Shigella [1] could also prevent the dis-
ease in children [2]. Based on those studies and the multitude of Shigella vaccine candidates
in Phase Il studies, it is easy to be optimistic that at least one vaccine against Shigella will be
licensed within the next 5-10 years with the aspirational attributes described in the World
Health Organization’s (WHO) Preferred Product Characteristics (PPC) profile [3]. The
development of such vaccines, long a priority of the WHO and other global organizations,
would constitute a major scientific advance offering significant public health benefits. Yet it
remains quite possible that, even if each of the key elements in the PPC is achieved, safe
and effective Shigella vaccines may not be widely used where they are most needed.

This paradoxical situation is in part due to a potential “embarrassment of riches”:
following the Decade of Vaccines [4] and the promulgation of the Global Vaccine Action
Plan (GVAP) [5], there has been a steady progression in the development of numerous
vaccine candidates directed at dozens of pathogens causing significant morbidity and
mortality in low- and middle-income countries (LMICs). Multiple valuable public health
interventions, not all of which are vaccines, are thus coming at a time of increasingly
crowded immunization schedules and finite resources. The need to prioritize among these
has prompted calls for critical and systematic assessments of the full public health value of
individual vaccine candidates while still in development [6,7]. “Full public health value”
refers to the full health, economic, and societal value of a vaccine as seen by a broad range
of stakeholders, including local and global perspectives, and aims to articulate both its
direct (individual) and indirect (population) effects.

These assessments should build upon but transcend the traditional determinants
of vaccine value in LMICs. Those determinants usually start with the demonstration
that a target pathogen is responsible for “high” levels of hospitalization and mortality,
as improved “child survival” was historically the major driver of vaccine development
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and introduction efforts for LMICs. A valuable vaccine may be expected to exhibit high
(>80%) efficacy against what is typically a clinical endpoint whose etiology is defined
microbiologically or, increasingly, molecularly. An additional element of value is a cost-
effectiveness ratio that sits within a somewhat arbitrary range of acceptability [8].

The above elements are fundamental to determining a vaccine’s potential value, but
the different actors involved in the vaccine ecosystem may each have somewhat divergent
views on their relative importance and have other considerations as well. For example,
regulators value, above all, robust scientific and clinical data on vaccine safety and efficacy.
Global and regional recommending bodies and foundations and trusts funding R&D for
vaccines designed for use in LMICs will rely on these, but also must see a compelling
risk-benefit profile at the population level, e.g., taking into account any herd protection and
potential impact on antimicrobial-resistant pathogens.

The concerns of national immunization technical advisory groups (NITAGs) often go
further, as they also put major emphasis on the ability—or not—for the specific vaccine
under consideration to be feasibly delivered to target populations within their respective
immunization schedules, and the incremental operational costs of doing this and accom-
modating the additional cold chain storage needs. They will also directly assess value
relative to that of competing vaccines against other diseases on their public health agenda.
Other country-level decision-makers may be concerned that demonstration of high effi-
cacy against pathogen-specific endpoints may not readily translate into a correspondingly
large—and visible—impact on the overall clinical syndrome, i.e., precisely what is actually
perceived by clinicians and patients. They may also weigh vaccine value versus alternative
interventions that may be easier or cheaper to implement. For example, malaria control
includes interventions such as seasonal malaria chemoprevention (SMC) delivering oral
drugs to young children monthly during peak malaria seasons. An injectable product with
a similar or even higher efficacy may struggle to replace this if the challenges of needle
and syringe delivery on a mass scale within a specific time window prove too great a
burden relative to oral drug delivery. Where cost is high, malaria control programs may
also consider the trade-off in terms of the number of diagnostic kits and treatments that
could be procured for the same amount of funding. As the prolonged discussion over the
malaria vaccine RTS,S has illustrated [9], an injectable product, even a vaccine, would have
to demonstrate a very favorable profile across multiple domains to tip the scales in its favor.

Purchasers such as Gavi, the Vaccine Alliance (Gavi) may place more value on the
high-level public health return and comparative cost-effectiveness of investments that can
be used to attract sustainable contributions from donors. They may also ascribe special
value to those vaccines that are already seen as a priority by Gavi-eligible LMICs, even if
their public health benefit may be lower than others by some criteria.

Finally, vaccine developers see value in terms of the numbers of vaccine doses they
can foreseeably sell at a price that makes sense within the context of their investment risk.
Their perspective is often overlooked by public sector funders and policymakers, either
through a limited understanding of sustainable business models or fear of association
with the perceived ‘taint’ of profit. It is very difficult for developers to justify expensive
product development, clinical studies, scale-up, and manufacture without confidence that
a minimal return on investment can be realized.

2. Major Determinants of the Relative Value of Shigella Vaccines

While Shigella causes disease in all countries and age groups, current efforts to develop
an effective Shigella vaccine are aimed at two high-risk groups in particular: children in
LMICs and travelers/military from higher-income countries. As these target populations
have quite different thresholds in terms of acceptable efficacy levels and other product
attributes, for simplicity this discussion will focus on children, for whom there is good
reason to believe that a highly effective vaccine against Shigella disease is indeed en route
in the next several years.



Vaccines 2022, 10, 282

30f8

The evidence begins with the proof-of-concept study cited earlier, a randomized,
double-blind, placebo-controlled trial of a protein-polysaccharide conjugate vaccine tar-
geted against the O-specific domain of the major Shigella lipopolysaccharides (LPS). It
showed 70% efficacy against Shigellosis in 3—4-year-old Israeli children caused by one
of the two major disease-causing serogroups, S. sonnei, [2]. While this study could not
demonstrate statistically significant efficacy against disease in younger children or against
S. flexneri, the other major disease-causing serogroup, several other researchers have built
on these results to develop distinct, potentially more immunogenic multivalent formula-
tions targeting the same O-sp domain of multiple serotypes. The most advanced parenteral
candidates include synthetic conjugate [10] and bioconjugate formulations [11], and an-
other using Shigella outer membrane vesicles as a platform [12]. A fourth promising
candidate contains detoxified LPS co-formulated with highly conserved invasion plasmid
proteins [13]. These vaccine candidates are all in or entering Phase II studies and/or being
evaluated in controlled human infection models (CHIM), with the expectation that one or
more phase III study could start soon after.

Public health officials and recommending bodies looking at the coming vaccine effi-
cacy data will compare current Shigella mortality figures with those attributable to other
potentially vaccine-preventable diseases since the adoption of a new Shigella vaccine would
compete with them for limited resources. Thirty years ago, WHO estimated Shigella to be
one of the top causes of infectious disease mortality in children, responsible for almost
600,000 deaths annually in <5-year-olds [14]. In contrast, current estimates put the number
of child deaths at 28-64,000 or 1/10 that amount [15]. The difference in these figures is
probably due to the overall decreasing levels of diarrheal disease stemming from water,
sanitation, and hygiene (WASH) interventions, combined with better diagnostic tools and
epidemiological studies.

For comparison, malaria deaths in children <5 are estimated at 260,000 annually, and
the moderately effective RTS,S vaccine has just received a WHO/SAGE recommendation
for widespread use in children at risk [16]. Some countries may prioritize the introduction
of an HPV vaccine where there still are over 300,000 deaths worldwide annually; ~190,000
of these occur in LMICs [17], most of which still lack HPV immunization programs.

Other new or improved “competing” vaccines becoming available over the same
5-10-year time frame could conceivably prevent more deaths than a highly effective Shigella
vaccine. Tuberculosis mortality in all ages, theoretically preventable by an improved vac-
cine [18], amounts to 1.4 million deaths annually [19]. Similarly, of the 128,000 rotavirus
deaths that still occur annually [20], 90,000 are estimated to be essentially unpreventable
even with increased coverage with the current moderately effective live oral vaccines
(LORVs) [21]. A large portion of these might be prevented if LORVs were replaced by a the-
oretically more effective parenteral subunit formulation currently in Phase III studies [22].
Such a vaccine could also “compete” with Shigella vaccines for a place in the crowded
immunization schedule.

Of course, there are other potential drivers of Shigella vaccine value. In addition to
causing a significant but not overwhelming fraction of child mortality, an effective Shigella
vaccine could prevent a major cause of dysentery, and molecular diagnostic techniques
have recently revealed that Shigella represents a much greater cause of watery diarrhea
than previously estimated [23]. One model estimated 111 million episodes annually in
children <5 in 79 higher risk countries [24]. However, Shigella only represents one of
several enteric pathogens causing diarrhea, and it is not clear whether a vaccine with
only a partial impact on a clinical syndrome usually treated empirically (i.e., without an
etiological diagnosis) would be considered a major priority. For country decision-makers,
an alternative investment could be greater emphasis on non-pharmaceutical interventions
to prevent diarrhea more broadly.

Two other aspects of Shigella should increase the perceived value of an effective vaccine.
First, a Shigella vaccine would address an important cause of antibiotic use, as dysentery is
one of the few diarrheal diseases for which antibiotic treatment is generally recommended.
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It would target a pathogen whose increasingly high levels of resistance to a variety of
antibiotics make it a “serious threat” (according to the US Centers for Disease Control and
Prevention) [25], and for which WHO deems a vaccine is “critically needed” [26].

Secondly, an effective vaccine might prevent a number of serious long-term sequelae
associated with Shigella disease and perhaps even asymptomatic infection [27]. 2.1 million
cases of moderate-severe stunting were attributed annually to Shigella in the same group of
79 lower- and middle-income countries [24]. This has been linked to increased infectious
disease mortality due to other pathogens, perhaps associated with environmental enteric
dysfunction, and the associated mortality has been estimated to account for an additional
~25% beyond that caused by acute Shigella disease alone. Because these additional effects
might significantly increase the perceived value of an effective vaccine [28], a recent expert
consultation was devoted in its entirety to examining the strength of the association between
Shigella infection and growth faltering and the magnitude of the potential impact an effective
Shigella vaccine could have on these long-term outcomes [29]. New impact model results
are anticipated shortly.

With regard to economic value, the incremental cost-effectiveness ratio (ICER) of a
Shigella vaccine delivered in infancy in WHO/AFRO countries was estimated a few years
ago to be in the range of $1980 per disability-adjusted life year (DALY) averted [30] when
stunting-related impacts were included. By way of comparison, the live oral rotavirus
vaccines (LORV) used in GAVI countries were recently estimated to cost $500-$1500/ DALY
averted, and a parenteral rotavirus vaccine candidate was even lower at $300-$400/ [31].
For RTS,S in African countries, the ICER was ~$90/DALY averted [32], while for pneu-
mococcal conjugates in African countries, it was $118 [33]. Though these analyses are not
directly comparable due to differences in coverage and pricing assumptions and methodol-
ogy, they provide some indication of a Shigella vaccine’s relative cost-effectiveness in those
regions. They also suggest that the introduction of Shigella vaccines should be geographi-
cally more targeted than that for some of the other pathogens, perhaps even at a subnational
level [34]. However, the economics and administrative challenges of subnational targeting
are not straightforward and might require further analysis.

3. Further Efforts to Better Understand the Value of Shigella Vaccines

It is possible that the revised estimates of the overall Shigella disease burden and its
association with stunting, currently under development, could significantly change its
potential impact and cost-effectiveness relative to other vaccines [29]. It will be critical
to complement those modelized estimates with a direct demonstration of the value of
a Shigella vaccine via efficacy and effectiveness studies against those clinical outcomes
considered by country stakeholders to be of greatest interest. For example, what do they
consider to be the relative importance of demonstrating vaccine impact on Shigella-specific
diarrhea versus against all-cause moderate-to-severe diarrhea versus growth faltering and
stunting?

To determine the answer to this and other questions will require another activity
that is often overlooked, namely a systematic consultation with LMIC stakeholders to
explore which potential properties of a Shigella vaccine they consider to be the key drivers
of value for its adoption and introduction. After all, as the resources needed to acquire and
introduce these vaccines largely rest with countries, even where Gavi initially co-finances
vaccine purchase, the ultimately decisive perspective is that of those who would adopt and
integrate Shigella vaccines into their respective immunization programs.

To have sufficient validity, these consultations should comprise multi-country in-
depth analyses that involve national opinion leaders, policymakers, and finance officials, as
well as selected health care providers. These could include structured or semi-structured
interviews, open-ended or discrete choice surveys, formal and informal consultations of
many kinds, and successful examples exist for other pathogens [35,36]. Such analyses
could also be useful to better understand what LMIC stakeholders consider to be the
optimal schedule for a Shigella vaccine. With the highest risk window for shigellosis in
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the second year of life, it is currently envisioned that vaccination could begin at 6 months
of age and include a 2nd dose 3 or 6 months later [3]. However, in many countries,
especially in Africa, there is no EPI visit at 6 months (though RTS,S may change that).
Furthermore, at 9 and 12 months of age, multiple other vaccines may already be given.
Consultations with the individuals involved in immunization program operations would
thus help us understand whether the addition of a Shigella vaccine would create significant
implementation challenges and how they might be mitigated.

A related question is whether the delivery of a Shigella vaccine in combination with
another vaccine would significantly change the picture. This is purely hypothetical at
this point because the development, licensure, and manufacture of a new combination
vaccine comes with its own unique set of challenges and risks. Nevertheless, combining
Shigella with an existing vaccine could eliminate the need for additional injections and
reduce delivery costs, obviate additional burden on the cold-chain, and, if combined with a
vaccine directed against another diarrheal pathogen, should result in a greater impact at
the syndromic level. This might be particularly attractive since, outside of a research study
setting, individual cases of diarrhea in LMICs are rarely attributed to a specific etiology,
and prevention of Shigella disease by itself may thus not be a compelling feature. Finally,
querying national stakeholders could help us understand whether the perceived value of
Shigella vaccines would be increased if they were targeted at a subnational level. It would
also help us understand what kinds of operational /implementation research are needed to
assist with decision making.

4. Conclusions

The development of highly effective and safe Shigella vaccines would be a major
accomplishment, but these vaccines will not sell themselves in the context of a crowded
immunization schedule and many other competing interventions. There is still work to
be conducted to determine if there is a compelling public health value proposition that
can help stimulate the political will and grassroots advocacy often necessary for vaccine
recommendations, purchase, and adoption. The oft-underestimated political will may be
most efficiently stimulated when there is a clear, compelling, and succinct description of
why a vaccine is valuable and for which priority target populations, rather than a list of all
of its possible benefits (even if accurate). Successful models may include “preventing one of
the biggest causes of cancer in women” as in the case of HPV vaccines, or “eliminating the
leading cause of epidemic meningitis in Africa” in the case of meningococcal A conjugates.
Such “value propositions” take into account the reality that many decision-makers are
policymakers and finance officials, not disease area experts.

There are multiple potential determinants of Shigella vaccine value (Table 1). We
suggest that articulation of a succinct and compelling value proposition for Shigella vaccines
will be helpful for their prioritization and adoption to achieve the public health goals as
originally envisioned.
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Table 1. Some potential determinants of Shigella vaccine value in the context of competing interven-

tions.

Potential Value Driver

Current Relevant Information

Comments

Mortality in target population

28,000-60,000 deaths <5 annually [15]

Significant, but lower than several other potential vaccines
for their respective target populations

Morbidity

111 million diarrhea episodes/yr in <5; 2.1 million
cases of moderate-severe stunting [24]. Significant
morbidity burden in other key populations (e.g.,
older children, travelers, and military).

Child mortality, not morbidity, has been the traditional
driver of vaccine prioritization, but this may change.

Cost-effectiveness

$1980 per disability-adjusted life year averted (for
WHO/AFRO countries) [30]

Higher than for a number of other new vaccine candidates,
but likely will decrease in new estimates.

Antibiotic Resistance

Shigella targeted by WHO and US CDC as an
important potential vaccine target due to
increasing levels of resistance [25,26].

Antimicrobial resistance has not yet emerged as a major
driver of vaccine prioritization.

Integration into existing EPI
schedule

2 doses to be delivered at 6-12 months of age [3]

Depending on the precise timing, there may not be a visit
in many countries to accommodate both doses and/or
several other vaccines may be given at the same time.
Latter concern could be alleviated if Shigella is combined
with another vaccine.

Prospect of a healthy,
competitive, and sustainable
vaccine market

There are multiple vaccine developers with
promising candidates, but unclear whether current
expected pricing and demand will be considered to

allow a sufficient return on investment

Obviously subjective, but the more clarity on the likely
magnitude of demand and pricing, the easier to evaluate
the prospect of sustained interest from developers.
Demand from other populations in high-income countries
(e.g., travelers and military) can also influence commercial
sustainability.

What LMIC stakeholders
think

Systematic consultation with stakeholders [35,36]

Ultimate deciders of vaccine prioritization and introduction

Author Contributions: Conceptualization, writing—original draft preparation, and funding acquisi-
tion, W.PH.; writing—review and editing, WP.H., S.S. and B.K.G. All authors have read and agreed
to the published version of the manuscript.

Funding: This research was funded by Wellcome Trust, grant number 221988/Z/20/Z and Bill &
Melinda Gates Foundation, grant number INV-018460, and the APC funded by Bill & Melinda Gates
Foundation.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Cohen, D.; Ashkenazi, S.; Green, M.S.; Gdalevich, M.; Robin, G.; Slepon, R.; Yavzori, M.; Orr, N.; Block, C.; Ashkenazi, I.; et al.
Double-Blind Vaccine-Controlled Randomised Efficacy Trial of an Investigational Shigella Sonnei Conjugate Vaccine in Young
Adults. Lancet 1997, 349, 155-159. [CrossRef]

Passwell, ].H.; Ashkenazi, S.; Banet-Levi, Y.; Ramon-Saraf, R.; Farzam, N.; Lerner-Geva, L.; Even-Nir, H.; Yerushalmi, B.; Chu, C.;
Shiloach, J.; et al. Age-Related Efficacy of Shigella O-Specific Polysaccharide Conjugates in 1-4-Year-Old Israeli Children. Vaccine
2010, 28, 2231-2235. [CrossRef]

World Health Organization. WHO Preferred Product Characteristics for Vaccines against Shigella; World Health Organization: Geneva,
Switzerland, 2021; ISBN 978-92-4-003674-1.

Bill and Melinda Gates Foundation. Available online: https://www.Gatesfoundation.Org/Ideas/Media-Center/Press-Releases/
2010/01/Bill-and-Melinda-Gates-Pledge-$10-Billion-in-Call-for-Decade-of-Vaccines (accessed on 15 January 2022).

Gavi. Available online: https://www.Gavi.Org/Our-Alliance /Global-Health-Development/Decade-Vaccine-Collaboration?
Gclid=EAIaIQobChMIveHp-SzFIAIVy AtMCh1ZLOAMEAAYASAAEgL6kvD_BwE (accessed on 15 January 2022).

Hutubessy, R.C.W.,; Lauer, ].A.; Giersing, B.; Sim, S.Y.; Jit, M.; Kaslow, D.; Botwright, S. The Full Value of Vaccine Assessments
(FVVA): A Framework to Assess and Communicate the Value of Vaccines for Investment and Introduction Decision Making.
Available online: https:/ /papers.ssrn.com/sol3/papers.cfm?abstract_id=3841999 (accessed on 15 January 2022).


http://doi.org/10.1016/S0140-6736(96)06255-1
http://doi.org/10.1016/j.vaccine.2009.12.050
https://www.Gatesfoundation.Org/Ideas/Media-Center/Press-Releases/2010/01/Bill-and-Melinda-Gates-Pledge-$10-Billion-in-Call-for-Decade-of-Vaccines
https://www.Gatesfoundation.Org/Ideas/Media-Center/Press-Releases/2010/01/Bill-and-Melinda-Gates-Pledge-$10-Billion-in-Call-for-Decade-of-Vaccines
https://www.Gavi.Org/Our-Alliance/Global-Health-Development/Decade-Vaccine-Collaboration?Gclid=EAIaIQobChMIv6Hp-SzF9AIVyAtMCh1ZLQAMEAAYASAAEgL6kvD_BwE
https://www.Gavi.Org/Our-Alliance/Global-Health-Development/Decade-Vaccine-Collaboration?Gclid=EAIaIQobChMIv6Hp-SzF9AIVyAtMCh1ZLQAMEAAYASAAEgL6kvD_BwE
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3841999

Vaccines 2022, 10, 282 70f8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Hausdorff, W.P,; Price, J.; Debellut, F.; Mooney, J.; Torkelson, A.A.; Giorgadze, K.; Pecenka, C. Does Anybody Want an Injectable
Rotavirus Vaccine, and Why? Understanding the Public Health Value Proposition of next-Generation Rotavirus Vaccines. Vaccines
2022, 10, 149. [CrossRef]

Amdahl, J.; Weycker, D.; Farkouh, R.; Huang, L.; Eichten, C.; Oster, G. Pediatric Vaccines and Cost-Effectiveness Thresholds: How
Much Is Too Much to Pay for Prevention? Infect. Dis. Ther. 2021, 10, 1-13. [CrossRef] [PubMed]

World Health Organization. Available online: https://www.Who.Int/Teams/Global-Malaria-Programme /Reports/World-
Malaria-Report-2020 (accessed on 15 January 2022).

Cohen, D.; Atsmon, J.; Artaud, C.; Meron-Sudai, S.; Gougeon, M.-L.; Bialik, A.; Goren, S.; Asato, V.; Ariel-Cohen, O.; Reizis, 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, 546-558.
[CrossRef]

Talaat, K.R.; Alaimo, C.; Martin, P.; Bourgeois, A.L.; Dreyer, A.M.; Kaminski, R.W,; Porter, C.K.; Chakraborty, S.; Clarkson, K.A;
Brubaker, J.; et al. Human Challenge Study with a Shigella Bioconjugate Vaccine: Analyses of Clinical Efficacy and Correlate of
Protection. EBioMedicine 2021, 66, 103310. [CrossRef] [PubMed]

Frenck, RW.,; Conti, V.; Ferruzzi, P.; Ndiaye, A.G.W.; Parker, S.; McNeal, M.M.; Dickey, M.; Granada, ].P; Cilio, G.L.; De Ryck, L;
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. [CrossRef]

Turbyfill, K.R.; Clarkson, K.A.; Oaks, E.V.; Kaminski, R.W. From Concept to Clinical Product: A Brief History of the Novel Shigella
Invaplex Vaccine’s Refinement and Evolution. Vaccines, 2022; in press.

Research Priorities for Diarrhoeal Disease Vaccines: Memorandum from a WHO Meeting. Bull. World Health Organ. 1991, 69,
667-676.

Butkeviciute, E.; Prudden, H.J; Jit, M.; Smith, P.G.; Kang, G.; Riddle, M.S.; Lopman, B.A.; Pitzer, V.E.; Lanata, C.F,; Platts-Mills,
J.A.; et al. Global Diarrhoea-Associated Mortality Estimates and Models in Children: Recommendations for Dataset and Study
Selection. Vaccine 2021, 39, 4391-4398. [CrossRef]

World Health Organization.  Available online: https://www.Who.Int/News/Item/06-10-2021-Who-Recommends-
Groundbreaking-Malaria-Vaccine-for-Children-at-Risk (accessed on 15 January 2022).

Arbyn, M.; Weiderpass, E.; Bruni, L.; de Sanjosé, S.; Saraiya, M.; Ferlay, J.; Bray, F. Estimates of Incidence and Mortality of Cervical
Cancer in 2018: A Worldwide Analysis. Lancet Glob. Health 2020, 8, e191-€203. [CrossRef]

Van Der Meeren, O.; Hatherill, M.; Nduba, V.; Wilkinson, R.J.; Muyoyeta, M.; Van Brakel, E.; Ayles, H.M.; Henostroza, G.;
Thienemann, F,; Scriba, T.].; et al. Phase 2b Controlled Trial of M72/ASO01g Vaccine to Prevent Tuberculosis. N. Engl. ]. Med. 2018,
379, 1621-1634. [CrossRef] [PubMed]

World Health Organization. Available online: https://www.Who.Int/Teams/Global-Tuberculosis-Programme /Tb-Reports /
Global-Tuberculosis-Report-2021/Disease-Burden/Mortality (accessed on 15 January 2022).

Troeger, C.; Blacker, B.F,; Khalil, I.A.; Rao, P.C.; Cao, S.; Zimsen, S.R.; Albertson, S.B.; Stanaway, ].D.; Deshpande, A.; Abebe, Z.;
et al. 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, 1211-1228. [CrossRef]

Burnett, E.; Lopman, B.A.; Parashar, U.D. Potential for a Booster Dose of Rotavirus Vaccine to Further Reduce Diarrhea Mortality.
Vaccine 2017, 35, 7198-7203. [CrossRef]

ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of Medicine (US). Identifier NCT04010448, A Trial to Assess
the Safety, Immunogenicity and Efficacy of a Trivalent Rotavirus P2-VP8 Subunit Vaccine in Prevention of Severe Rotavirus
Gastroenteritis in Healthy Infants in Africa. Available online: https:/ /www.clinicaltrials.gov/ct2/show /NCT04010448 (accessed
on 15 January 2022).

Pavlinac, P.B.; Platts-Mills, J.A.; Tickell, K.D.; Liu, J.; Juma, J.; Kabir, F; Nkeze, J.; Okoi, C.; Operario, D.J.; Uddin, ].; et al. The
Clinical Presentation of Culture-Positive and Culture-Negative, Quantitative Polymerase Chain Reaction (QPCR)-Attributable
Shigellosis in the Global Enteric Multicenter Study and Derivation of a Shigella Severity Score: Implications for Pediatric Shigella
Vaccine Trials. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2021, 73, €569—€579. [CrossRef]

Anderson, ].D.; Bagamian, K.H.; Muhib, F.; Amaya, M.P,; Laytner, L.A.; Wierzba, T.; Rheingans, R. Burden of Enterotoxigenic
Escherichia Coli and Shigella Non-Fatal Diarrhoeal Infections in 79 Low-Income and Lower Middle-Income Countries: A
Modelling Analysis. Lancet Glob. Health 2019, 7, e321-e330. [CrossRef]

Centers for Disease Control. Available online: https://www.Cdc.Gov/Drugresistance/Pdf/Threats-Report/2019- Ar-Threats-
Report-508.Pdf (accessed on 15 January 2022).

Vekemans, J.; Hasso-Agopsowicz, M.; Kang, G.; Hausdorff, W.P; Fiore, A.; Tayler, E.; Klemm, E.J.; Laxminarayan, R.; Srikantiah,
P,; Friede, M.; et al. Leveraging Vaccines to Reduce Antibiotic Use and Prevent Antimicrobial Resistance: A World Health
Organization Action Framework. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2021, 73, €1011-e1017. [CrossRef]

Rogawski, E.T,; Liu, J.; Platts-Mills, J.A.; Kabir, F; Lertsethtakarn, P.; Siguas, M.; Khan, S.S.; Praharaj, I.; Murei, A.; Nshama, R;;
et al. Use of Quantitative Molecular Diagnostic Methods to Investigate the Effect of Enteropathogen Infections on Linear Growth
in Children in Low-Resource Settings: Longitudinal Analysis of Results from the MAL-ED Cohort Study. Lancet Glob. Health 2018,
6, €1319-e1328. [CrossRef]


http://doi.org/10.3390/vaccines10020149
http://doi.org/10.1007/s40121-020-00367-6
http://www.ncbi.nlm.nih.gov/pubmed/33170498
https://www.Who.Int/Teams/Global-Malaria-Programme/Reports/World-Malaria-Report-2020
https://www.Who.Int/Teams/Global-Malaria-Programme/Reports/World-Malaria-Report-2020
http://doi.org/10.1016/S1473-3099(20)30488-6
http://doi.org/10.1016/j.ebiom.2021.103310
http://www.ncbi.nlm.nih.gov/pubmed/33862589
http://doi.org/10.1016/j.eclinm.2021.101076
http://doi.org/10.1016/j.vaccine.2021.05.086
https://www.Who.Int/News/Item/06-10-2021-Who-Recommends-Groundbreaking-Malaria-Vaccine-for-Children-at-Risk
https://www.Who.Int/News/Item/06-10-2021-Who-Recommends-Groundbreaking-Malaria-Vaccine-for-Children-at-Risk
http://doi.org/10.1016/S2214-109X(19)30482-6
http://doi.org/10.1056/NEJMoa1803484
http://www.ncbi.nlm.nih.gov/pubmed/30280651
https://www.Who.Int/Teams/Global-Tuberculosis-Programme/Tb-Reports/Global-Tuberculosis-Report-2021/Disease-Burden/Mortality
https://www.Who.Int/Teams/Global-Tuberculosis-Programme/Tb-Reports/Global-Tuberculosis-Report-2021/Disease-Burden/Mortality
http://doi.org/10.1016/S1473-3099(18)30362-1
http://doi.org/10.1016/j.vaccine.2017.10.027
https://www.clinicaltrials.gov/ct2/show/NCT04010448
http://doi.org/10.1093/cid/ciaa1545
http://doi.org/10.1016/S2214-109X(18)30483-2
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
http://doi.org/10.1093/cid/ciab062
http://doi.org/10.1016/S2214-109X(18)30351-6

Vaccines 2022, 10, 282 8of8

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hasso-Agopsowicz, M.; Lopman, B.A.; Lanata, C.F; Rogawski McQuade, E.T.; Kang, G.; Prudden, H.J.; Khalil, I.; Platts-Mills,
J.A.; Kotloff, K ; Jit, M.; et al. World Health Organization Expert Working Group: Recommendations for Assessing Morbidity
Associated with Enteric Pathogens. Vaccine 2021, 39, 7521-7525. [CrossRef]

Bagamian, K.; Puett, C.; Anderson, J., IV; Muhib, F; Pecenka, C.; Behrman, ].; Breiman, R.; Edoka, I.; Horton, S.; Kang, G.; et al.
Could a Shigella Vaccine Impact Long-Term Health Outcomes? In Proceedings of the Summary Report of an Expert Meeting to
Inform a Shigella Vaccine Public Health Value Proposition, Virtual, 24-29 March 2021, submitted.

Anderson, ].D.; Bagamian, K.H.; Muhib, E; Baral, R.; Laytner, L.A.; Amaya, M.; Wierzba, T.; Rheingans, R. Potential Impact and
Cost-Effectiveness of Future ETEC and Shigella Vaccines in 79 Low- and Lower Middle-Income Countries. Vaccine X 2019, 2,
100024. [CrossRef]

Debellut, E.; Pecenka, C.; Clark, A.; Hausdorff, W.P. Impact and Cost-Effectiveness of Different Use Cases of Non Replicating
Rotavirus Vaccine in 137 Low- and Middle-Income Countries. Hum. Vaccines Immunother. 2022, in press. [CrossRef]

Penny, M.A.; Verity, R.; Bever, C.A.; Sauboin, C.; Galactionova, K.; Flasche, S.; White, M.T.; Wenger, E.A.; Van de Velde, N;
Pemberton-Ross, P; et al. Public Health Impact and Cost-Effectiveness of the RTS,S/AS01 Malaria Vaccine: A Systematic
Comparison of Predictions from Four Mathematical Models. Lancet 2016, 387, 367-375. [CrossRef]

Chen, C.; Cervero Liceras, F; Flasche, S.; Sidharta, S.; Yoong, J.; Sundaram, N.; Jit, M. Effect and Cost-Effectiveness of Pneumococ-
cal Conjugate Vaccination: A Global Modelling Analysis. Lancet Glob. Health 2019, 7, e58—e67. [CrossRef]

Mubhib, EB.; Pecenka, C.J.; Marfin, A.A. Risk-Based Vaccines and the Need for Risk-Based Subnational Vaccination Strategies for
Introduction. Clin. Infect. Dis. 2020, 71, S165-S171. [CrossRef]

Price, J.; Mooney, J.; Bain, C.; Bawa, J.T.; Gurley, N.; Kumar, A.; Liyanage, G.; Mkisi, R.E.; Odero, C.; Seck, K.; et al. National
Stakeholder Preferences for Next-Generation Rotavirus Vaccines: Results from a Six-Country Study. Vaccine 2021, 40, 370-379.
[CrossRef] [PubMed]

Botwright, S.; Giersing, B.K.; Meltzer, M.L; Kahn, A.-L.; Jit, M.; El Omeiri, N.; Biey, ] N.-M.; Moore, K.L.; Thokala, P.; Mwenda, ].M.;
et al. The CAPACITI Decision-Support Tool for National Immunization Programs. Value Health 2021, 24, 1150-1157. [CrossRef]


http://doi.org/10.1016/j.vaccine.2021.11.033
http://doi.org/10.1016/j.jvacx.2019.100024
http://doi.org/10.1080/21645515.2022.2040329
http://doi.org/10.1016/S0140-6736(15)00725-4
http://doi.org/10.1016/S2214-109X(18)30422-4
http://doi.org/10.1093/cid/ciaa483
http://doi.org/10.1016/j.vaccine.2021.11.009
http://www.ncbi.nlm.nih.gov/pubmed/34863614
http://doi.org/10.1016/j.jval.2021.04.1273

	The Need to Articulate the Value of a Vaccine: General Considerations 
	Major Determinants of the Relative Value of Shigella Vaccines 
	Further Efforts to Better Understand the Value of Shigella Vaccines 
	Conclusions 
	References

