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ARTICLE INFO ABSTRACT

Keywords: Background: Shigella is the leading bacterial cause of diarrheal mortality in children and can cause long-term
Shigella effects on growth and development. No licensed Shigella vaccines currently exist but several promising candi-
Vaccine

dates are in development and could be available in the next five years. Despite Shigella being a well-known public
health target of the World Health Organization for decades, given current burden estimates and competing
preventable disease priorities in low-income settings, whether the availability of an effective Shigella vaccine will
lead to its prioritization and widespread introduction among countries at highest risk is unknown.

Methods: We conducted a mixed-methods study of national stakeholders and healthcare providers in five
countries in Asia and Africa and regional stakeholders in the Pan American Health Organization to identify
preferences and priorities for forthcoming Shigella vaccines.

Results: In our study of 89 individuals, diarrhea was the most frequently mentioned serious health concern for
children under five years. Antimicrobial resistance (AMR) was more often considered very concerning than
diarrhea or stunting. Shigella awareness was high but not considered a serious health concern by most stake-
holders. Most participants were willing to consider adding a new vaccine to the routine immunization schedule
but expressed reservations about a Shigella vaccine because of lower perceived burden relative to other pre-
ventable diseases and an already crowded schedule; interest was highest among national stakeholders in
countries receiving more financial support for immunization. The priority of a Shigella vaccine rose when par-
ticipants considered vaccine impacts on reducing stunting and AMR. Participants strongly preferred oral and
combination vaccines compared to injectable and a single-antigen presentations, citing greater perceived com-
munity acceptability.

Conclusions: This study provides a critical opportunity to hear directly from country and regional stakeholders
about health priorities and preferences around new vaccines. These findings should inform ongoing Shigella
vaccine development efforts and eventual vaccine introduction and implementation planning.
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Abbreviations: AMR, antimicrobial resistance; IRB, institutional review board; LMICs, low- and middle-income countries; NITAG, national immunization technical
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J.A. Fleming et al.
1. Background

Shigella is a gram-negative bacterium that is spread fecal-orally or
through contaminated food and water. A cause of moderate to severe
diarrhea, it is often associated with severe or bloody diarrhea, or dys-
entery. Shigella has long been considered a leading bacterial cause of
diarrheal disease in low- and middle-income countries (LMICs), where
the vast majority of cases occur [1,2]. In the early 1990s, WHO esti-
mated that half a million pediatric deaths were attributed to Shigella
annually and the development of a safe and effective vaccine was a
major public health priority [3,4]. Over the intervening decades, how-
ever, the epidemiological portrait of Shigella has changed. Refined
models now estimate that Shigella is responsible for 42,000-94,000
deaths of children less than five each year, still making it the largest
bacterial cause of diarrheal disease mortality in that age group, but
reducing it to moderate importance in global child survival compared to
some other existing or likely forthcoming vaccine-preventable patho-
gens (e.g., malaria, tuberculosis, respiratory syncytial virus) [1,5,6].
These lower mortality values likely also reflect, in addition to en-
hancements in etiological determination, a confluence of environmental
improvements affecting diarrheal deaths as a whole, including improved
nutritional status and access to treatment [6]. However, with the
emergence of increasingly sensitive molecular diagnostic tools, Shigella
is now recognized to significantly contribute to the burden of non-
bloody diarrhea and is associated with other negative health outcomes
among children in LMICs, including stunting, severe malnutrition,
metabolic disorders, and increased mortality from other infectious dis-
eases [7-16]. There is also evidence that since Shigella diarrhea is not
always bloody, misdiagnosis and inappropriate administration of anti-
biotics for Shigella occurs frequently, leading to increasing antimicrobial
resistance (AMR) to Shigella [17-19].

Vaccines against Shigella are currently in development and may be
available by 2027; the most advanced candidates are injectable and will
likely require one or two doses given between the ages of six months and
one year [20]. They will enter an already crowded market and vacci-
nation schedule, competing for space among vaccines targeting major
enteric and other vaccine-preventable child illnesses.

Historically, vaccine prioritization is seldom informed by systematic
surveys of those most directly involved in introduction decision-making
and implementation at the country level. In 2020-2022, PATH under-
took several studies, analyses, and expert convenings to address several
key information gaps in defining a full Shigella vaccine value proposi-
tion. These included examining the strength of the association between
Shigella infection, disease, and stunting; estimating the health impact
and cost-effectiveness of potential Shigella vaccines; forecasting the po-
tential demand for a Shigella vaccine in LMICs and among traveler and
military populations from high-income countries; identifying design
priorities, clinical testing, and regulatory, policy, and financial chal-
lenges to developing a Shigella-containing combination vaccine; and
assessing knowledge and preferences of country and regional stake-
holders around Shigella disease and vaccine priorities [21-24]. This
paper describes the findings from the country and regional stakeholder
study. Considered together with the other evidence generated for the
value proposition, this provides important data to inform ongoing vac-
cine development efforts, support vaccine introduction decision-making
in LMICs, and help guide implementation planning.

2. Methods

We used mixed methods to explore factors that underlie the value of,
and may shape future demand for, a Shigella vaccine among stakeholders
in Burkina Faso, Ghana, Kenya, Nepal, and Vietnam, and the World
Health Organization (WHO)’s Pan-American Health Organization
(PAHO) regional headquarters in Washington, DC, USA.
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2.1. Country and participant selection

Countries meeting the World Bank’s criterion for low- or lower-
middle income with a PATH office or an existing relationship with
relevant research partners were eligible for selection. Prioritization
criteria included the availability of diarrhea burden data and country
experience with diarrheal vaccine(s); countries were selected to maxi-
mize diversity of Shigella burden, stunting prevalence, and Gavi
financing eligibility. We purposefully selected national- and regional-
level participants who had authority over vaccine introduction de-
cisions in their relevant geography; this included members of the Min-
istry of Health, the National Immunization Technical Advisory Group
(NITAG), or those working in public health diarrhea control, nutrition,
or vaccination. Healthcare providers from primary, secondary, or ter-
tiary level facilities were either the head of their respective facility or
worked in immunization at one of four to five randomly selected health
facilities providing immunization within a day’s drive of each country
capital.

2.3. Ethics

The study received exempt status from WIRB-Copernicus Group
Institutional Review Board (IRB) (Olympia, WA, USA) and country ap-
provals from Burkina Faso’s Comité d’Ethique pour la Recherche en
Santé, the Ghana Health Service Ethics Review Committee, the Kenyatta
National Hospital-University of Nairobi Research Ethics Committee, the
Nepal Health Research Council and B.P. Koirala Institute of Health
Sciences in Dharan, Nepal, and Vietnam’s National Institute of Hygiene
& Epidemiology IRB. Informed consent was obtained from each partic-
ipant prior to interviews.

2.4. Data collection

Audio-recorded, semi-structured interviews were conducted from
October 2021 to April 2022 in English, French, Nepali, or Vietnamese,
either in-person or virtually, collecting quantitative data on fixed-choice
questions and qualitative descriptions on open-ended questions and
follow-up probes (Supplemental material 1). To identify health con-
cerns, participants were asked to list two or three of the most important
health or development concerns for children under five years. They were
then asked to rate the importance of diarrhea, growth stunting, and AMR
as “a very serious health concern,” “serious, but not among the top
health concerns,” or “not serious compared to other health concerns.” To
explore vaccine impact thresholds and the priority of Shigella in vaccine
introduction, we employed an iterative interview process in which we
provided progressively more information about under-five year global-
and country-specific Shigella diarrhea burden, deaths, sequelae, and
potential vaccine impact to participants (Table 1) [8,25,26]. Partici-
pants rated the priority of introducing a Shigella vaccine in their country
after hearing each new level of information.

Stakeholders asked questions at Level 1 received no prior back-
ground information (Table 1). For Levels 2-4, participants were asked to
assume the following vaccine characteristics based on the World Health
Organization’s Shigella vaccine preferred product characteristics [20]
and the Bill & Melinda Gates Foundation’s investigational target product
profile (iTPP) for Shigella vaccines:

Vaccine availability 2025-2030

Injectable presentation

One- or two-dose schedule given mid-to-late in the first year of life
60% vaccine efficacy

A cost estimate of approximately US$1/dose was used based on the
LMIC price of typhoid conjugate vaccine [27] and the potential for
funding support through Gavi, the Vaccine Alliance, if eligible.

Participants were also asked about their willingness to accept various
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Table 1

Information provided to participants by iterative interview level.
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Level Information categories Annual numbers under five-years and information shared
Burkina Faso Ghana Kenya Nepal Vietnam
T N/A No information given
o Global Shigella diarrhea cases 75 million cases
& Global Shigella deaths 64,000 deaths
Shigella diarrhea cases 95,400 115,500 209,000 48,400 6,800
Shigella diarrhea cases averted with 60% effective vaccine 52,075 67,231 115,342 27,008 3,925
Shigella deaths 530 220 590 85 5
Shigella deaths averted with 60% effective vaccine 289 124 315 44 3

Antibiotic resistance

Stunting cases from Shigella

¢

15,400
Stunting cases from Shigella averted with 60% effective vaccine 8400

Vaccine has ability to slow pace or prevent antibiotic resistance for Shigella

12,700 28,800 9200 900
7000 15,400 4800 530

! Data provided to participants at each stage came from the linked sources [8,25,26].
2 Information was provided progressively, where the participant gained more information at each level to build off the information from the previous level.

vaccine attributes through fixed-choice questions modeled on discrete
choice surveys, with accompanying open-ended questions to gather in-
sights on attribute preference.

2.5. Data analysis

2.5.1. Data processing

Interviewers used iPads to conduct and record interviews and cap-
ture open-ended responses. Responses to fixed-choice questions were
automatically uploaded to datafiles using Research Electronic Data
Capture (REDCap) tools on the iPad [28]. Audio recordings of interviews
were transcribed in full; those conducted in local languages were first
translated into English. Transcripts were coded using NVivo 12 Pro [29].
For quality assurance, we reviewed transcripts alongside the quantita-
tive data files and aligned discrepancies to the responses recorded in the
transcript.

2.5.2. Data analysis

Interview transcripts and quantitative data were analyzed indepen-
dently and together using mixed-method analytic approaches. A team of
three investigators (NG, SK, JAF) coded interview transcripts using a
deductively- and inductively developed codebook. Coding themes
included perceptions of disease burden, barriers and benefits of a
Shigella-containing vaccine, and operational considerations for vaccine
introduction. The coding team met regularly to validate and refine
coding. Codes were matrixed in NVivo and exported to Excel where they
were integrated with quantitative data. Initial codes were reviewed in
Excel and compressed into broader themes based on observed patterns.
Data was subsequently visualized using Tableau Desktop 2021.4 to
identify thematic patterns by stakeholder type, country, and across the
study population.

Results present frequency distributions for fixed-choice questions
alongside the qualitative findings detailing the rationale behind their
selection. Findings are pooled across countries and stratified by partic-
ipant type unless otherwise noted (country-specific figures are provided
as Supplemental material); results from PAHO interviews are described
separately.

3. Results
3.1. Sample

In each country, 10-13 healthcare providers and 5-9 national
stakeholders were interviewed (Table 2). With one exception, health-
care providers worked in public health facilities.

All healthcare providers from Burkina Faso worked at the primary
health level while 46% of providers from the other countries worked at

secondary or tertiary health facilities. Of national stakeholders, 63%
were current members of National Immunization Technical Advisory
Groups (NITAGs) or equivalent vaccine decision-making bodies. Three
regional stakeholders from PAHO were also interviewed.

3.2. Health concerns

When provided no background information on Shigella burden or
expected vaccine impact (Level 1), providers were first asked to list the
two or three most important child health issues in their country. In
response to this open-ended question, the most frequently mentioned
health concern for children under five years across countries was diar-
rhea (n = 62/86), followed by respiratory infections (n = 49/86),
malnutrition/anemia (n = 36/86), and vaccine preventable diseases (n
= 26/86). African participants also cited malaria (n = 23/52). When
subsequently asked to rate the importance of diarrhea, stunting, and
AMR as a health concern, participants across countries rated AMR a
more serious concern than both diarrhea and stunting, with more than
80% of both national stakeholders and healthcare providers rating AMR
a “very serious concern” (Fig. 1). In four of the five countries, national
stakeholders consistently rated AMR a “very serious concern” and
considered it more serious than healthcare providers; Kenya was the
outlier, where AMR was considered less serious across both groups
(Supplemental material 2). Diarrhea was rated a “very serious concern”
among both national stakeholders and healthcare providers in Burkina
Faso, Ghana, and Kenya, while it was less of a concern among healthcare
providers in Nepal and across both groups in Vietnam. Stunting was
considered a “very serious concern” across both groups in Ghana and
among healthcare providers in Burkina Faso and Nepal.

Two themes emerged from the most frequently cited rationales
behind the ratings: the impact on an individual’s short- or long-term
health and the quality and/or availability of health care or diagnostics

Table 2
National Stakeholders and Health Providers by Country and Role.

Country National stakeholders Health providers
Total  Member of Total  Health facility level
NITAG' - -
Primary  Secondary Tertiary
Burkina 7 3 13 13° 0 0
Faso

Ghana 6 4 11 8 3 0
Kenya 5 5 10 5 3 2
Nepal 5 3 10 5 2 3
Vietnam 9 5 10 4 4 2
Total 32 20 54 35 12 7

! NITAG-National immunization technical advisory group.
2 Immunizations only provided at primary health level.
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/ Level

National stakeholders (N=32):

\ /  How important is each health issue?
\ /

Diarrhea

%) 72

Stunting
(%)

AMR
(%)

33
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Healthcare providers (N=54):

How important is each health issue?

Diarrhea
(%)

Stunting

(%) 70

A very serious concemn

A serious concemn

National stakeholders

Not a very serious concerm

Healthcare providers

Unknown/missing

Fig. 1. Importance of given health issues, by stakeholder group.

(Table 3). Diarrhea was described as a “very serious concern” primarily
due to its acute health impacts, specifically mortality, while the reasons
for rating stunting as such were predominantly attributed to down-
stream health impacts such as an increased vulnerability to other dis-
eases or the impact of irreversible sequelae:

“It is a very serious problem because it has lifelong impact. It impairs the
growth as well as the development of the child.” - A health provider in
Nepal

Participants attributed their concern about AMR to issues related to
the quality of health care, including the inability to adequately diagnose
pathogens or monitor AMR; poor public adherence to antibiotic regi-
mens; or weak country regulations, leading to the over-prescription and
over-use of antibiotics. One participant articulated how these quality-of-
care factors are interrelated:

“Now there are a lot of pharmacies, people can buy antibiotic ... without a
doctor’s prescription. If the symptoms are controlled, the patient stops on
their own [before finishing the treatment course], so there is a high po-
tential for antibiotic resistance.” - A health provider in Vietnam

Across all health issues, healthcare providers more frequently cited
concerns around challenges in delivering quality care than did national
stakeholders (49/54 vs 24/32, respectively).

Similar to country results, PAHO respondents listed diarrhea, respi-
ratory diseases, and malnutrition as the top three health concerns in
Latin America. When probed specifically about AMR, diarrhea, and

Table 3

stunting, PAHO respondents unanimously agreed that AMR was the
priority issue, followed by diarrhea, and then stunting. Reasons cited for
high prioritization of AMR included the challenges of treating other top
health concerns, and the difficulty of treating Shigella specifically, as
described by one stakeholder:

“There are two antibiotics that are mainly used to control or cure diarrhea
by Shigella, you have to be concerned because both... may evolve to turn
resistant.” — A PAHO stakeholder

The primary concerns cited with stunting were lack of government
programs to address stunting and the variability of stunting burden
across the PAHO region.

3.3. Shigella as a health concern

Provided no prior information, awareness of Shigella was high among
participants (n = 81; 93%), however, less than half (46%) of healthcare
providers and one quarter (25%) of national stakeholders rated Shigella
as a “very serious concern” (Fig. 2). Shigella was more likely to be
considered a “very serious concern” by both national stakeholders and
healthcare providers in Burkina Faso and Ghana compared to other
countries (Supplemental material 3).

For participants rating Shigella as “not a very serious concern,” rea-
sons included the lower prevalence of Shigella compared to other diar-
rheal pathogens and other vaccine-preventable diseases; already having
evidence of a reduction in diarrhea disease burden after the introduction

Most frequently cited reasons for rating health issue a very serious concern by reason category and stakeholder group'

Health issue

Diarrhea Stunting AMR?

Number of respondents rating health issue as a very serious concern

Ns? HP* NS? HP* Ns? HP'
n=23 n=33 n=19 n =38 n =29 n =44
Category Reason Number of respondents mentioning cited reason
Health impact High mortality 16 22 1 1 0 0
Creates vulnerability to other diseases 7 6 3 12 0 0
- Irreversible sequelae / health impacts 0 0 9 9 0 0
Quality of care Poor treatment seeking or treatment adherence behavior 1 6 0 0 1 11
Inadequate tools for diagnosis or management of condition 1 4 0 0 3 7
Poorly regulated clinical care and over-prescription of drugs 0 0 0 0 18 21

! Note: reasons are coded from qualitative data and respondents were able to provide multiple reasons for their selection. As a result, sum of numbers in columns may

exceed the total number of respondents.
2 AMR-Antimicrobial resistance.
3 NS-National stakeholders.
4 HP-Health provider.
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“«« \ National stakeholders (N=32):
How important is Shigella as a health concern?

Shigella 25 a7

16
(%) 12
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Healthcare providers (N=54):

How important is Shigella as a health concern?

Shigella 1 19
(%)

A very serious concern

A serious concern

National stakeholders

Not a very serious concern

Healthcare providers

Unknown/missing

Fig. 2. Importance of Shigella, by stakeholder group.

of rotavirus vaccine; or Shigella not being the only—or even pri-
mary—pathogen to cause the given health issues. Often these reasons
overlapped, as articulated by a national stakeholder:

“It’s fairly low priority because we have other diseases that cause more of
the [diarrhea] infections, [...] things like typhoid. We've [already]
introduced the Rotavirus vaccine.” - A national stakeholder in Kenya

Participants rating Shigella a “serious” or “very serious” concern,
particularly healthcare providers, often attributed its importance to
challenges in diagnosing, treating, and preventing Shigella:

“Shigella management is not typical. You have to treat it by trial and
error.” - A health provider in Burkina Faso

Across all countries, stakeholders expressed the need for local data
on Shigella burden and improved availability of diagnostic and surveil-
lance tools.

3.4. Prioritization of a Shigella vaccine

Participants typically had a positive perception of vaccines and were
willing to consider adding new vaccines to the routine immunization
schedule, citing perceived health benefits of immunization. However,
decisions to introduce a new vaccine were described as requiring careful
consideration of both the benefits and risks:

“We really need to have a disease burden otherwise we cannot say there is
a space for EPI introduction or not.” - A national stakeholder in Vietnam

When asked to prioritize the introduction of a hypothetical Shigella
vaccine given no background information, 16% of national stakeholders
and 55% of healthcare providers gave it “high priority” (Fig. 3, Level 1,
top bar graph). Shigella vaccine prioritization in all countries combined

National stakeholders (N=32):
What is the priority of a Shigella vaccine?

increased among both national stakeholders and healthcare providers
when provided information on global disease burden, hypothetical
vaccine characteristics, and estimated country-specific reductions of
Shigella diarrhea burden (Fig. 3, Level 2). By country, 86% and 100% of
national stakeholders in Burkina Faso and Nepal, respectively, priori-
tized a Shigella vaccine as “medium priority” or “high priority”
compared to 60% and 67% in Kenya and Ghana, respectively, and 11%
in Vietnam (Supplemental material 4, Level 2). Across all countries
combined, prioritization most notably increased when participants
additionally received information on AMR and stunting; nearly half of
national stakeholders and around 90% of healthcare providers rated a
Shigella vaccine as “high priority” (Fig. 3, Levels 3 and 4). All healthcare
providers rated a Shigella vaccine as “high priority” in Burkina Faso,
Ghana, Kenya, and Nepal when provided information of vaccine impact
on AMR (Supplemental material 4, Level 3). Across all levels of infor-
mation provided and countries combined, roughly 40% fewer national
stakeholders than healthcare providers cited a Shigella vaccine as “high
priority.” Reflecting this lower prioritization, around a quarter of na-
tional stakeholders consistently rated a Shigella vaccine as “low priority”
or “not a priority,” regardless of additional vaccine benefits.

Reflecting earlier themes around the importance of disease severity,
the most frequently cited reasons for rating a Shigella vaccine as “high
priority” were the perceived benefit of a Shigella vaccine on an in-
dividual’s short- or long-term health or the ability to improve the quality
of care (Table 4). When presented with information on diarrhea
morbidity and mortality, participants who rated a Shigella vaccine as
“high priority” were concerned primarily with reducing the burden of
acute health impacts (e.g., diarrhea) and averting mortality. When
presented with information on stunting, participants who rated a
Shigella vaccine as “high priority” noted the reduction in burden of
stunting, malnutrition, and anemia cases, but also highlighted the ability

Healthcare providers (N=54):
What is the priority of a Shigella vaccine?

oy mformalmn P mfurmatlon
Shigella —— Shigella
tove mortality / b mortality /
2 "‘OW“’“Y _ ’ ’ L L _
-— - (%)
o\, - AR +AMR
5 A8
R —— R ——
High priority
Medium priority
National stakeholders | Low priority | Healthcare providers
Not a priority
Missing

Fig. 3. Shigella vaccine prioritization across scenarios of estimated vaccine impact on disease burden and sequelae, by stakeholder group (%).
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Table 4
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Benefits cited as a reason for ranking a Shigella vaccine a “high priority” by levels of information provided, category, and stakeholder group.

Level of information provided

7 No (3
-—

)Diarrhea

esmnting

Number of respondents citing a Shigella vaccine as high priority

v' R AMR!

information

NS? HP® NS? HP® NS? HP’ NS§? HP
n=5 n=30 n=7 n=40 n=15 n=50 n=15 n=48
Category Reason Number of respondents mentioning cited reason
Health impact Potential Shigella vaccine has high efficacy 1 - 2 2 - 2 - -
Reduces mortality or “saves lives” of children 1 3 4 22 3 5 4 1
Reduces high burden of disease (“fewer cases”) of the mentioned condition 2 4 2 19 10 17 5 15
Alleviates downstream negative impacts, including sequelae and social - 1 2 1 1 - 2 14
impacts
—  Multiple health benefits of a vaccine (e.g. treats multiple conditions) - - - - - 3 2 8
Quality of care  Improved tool for preventing or treating the mentioned condition - - - - 2 7 - 3

Note: reasons are coded from qualitative data and respondents were able to provide multiple reasons for their selection. As a result, sum of numbers in columns may

exceed the total number of respondents.
! AMR-Antimicrobial resistance.
2 NS-National stakeholders.
3 HP-Health provider.

of the vaccine to alleviate downstream health impacts, sequelae, and
their social consequences:

“The effect is beyond just diarrhea....The policy will be to ensure that
these children are spared this loss of cognitive and physical impairments
so that they can attain their full potential.” - A national stakeholder in
Ghana

When given information on AMR, participants attributed high pri-
oritization of a Shigella vaccine to the potential ability of the vaccine to
both reduce the number of cases of antibiotic resistant Shigella and
address quality of care concerns by preventing development of AMR in
the first place:

“Better to have a vaccine than to have antibiotics with doubtful perfor-
mance. Anti-microbials are always prone to develop antimicrobial resis-
tance.” - A health provider in Nepal

Participants rating a Shigella vaccine highly when given information
about stunting or AMR also cited the benefit of the vaccine protecting
against multiple conditions, describing the benefit succinctly:

Table 5

“The vaccine is going to prevent two diseases at a go.” - A health provider
in Ghana

Across all health issues, healthcare providers were slightly more
likely than national stakeholders to situate the benefit of a Shigella
vaccine around its ability to provide better quality health care.

Conversely, participants rating a Shigella vaccine “low priority” or
“not a priority” often cited concern over the lack of expected vaccine
impact, noting that the burden of disease caused by Shigella was “not
large”, or the “numbers do not speak” (Table 5). They also cited
competition from other health priorities, the existence of other diarrhea
prevention tools, and that Shigella is not the only contributing pathogen
related to the given health issue:

“Stunting is not only because of Shigella. [...] There are multifactorial
causes of stunting.” - A health provider in Nepal

Participants also cited more pressing health issues and concern with
increasing the number of injections given to children:

“As long as we have the onslaught of life-threatening diseases, Shigella is
not a priority.” - A national stakeholder in Burkina Faso

Barriers cited as a reason for ranking a Shigella vaccine a “low priority” or “not a priority” by levels of information provided, category, and stakeholder group.

Level of information provided

{1 )No ('3 )Diarrhea
\ -—

esmnting

Number of respondents citing a Shigella vaccine as low or not a priority

”v”AMR'

information

NS* HP® NS* HP® NS* HP® NS* HP®
n=8 n=2 n=10 n=1 n=8 n=0 n=9 n=0
Category Reason Number of respondents mentioning cited reason
Vaccines have inadequate impact ~ Perceived low prevalence of Shigella 2 - 8 - 2 - 5 -
Disease burden has already been reduced - - - - - - 1 -
Inadequate impact of vaccine - - 2 - 1 - - -
Shigella is not the only pathogen contributing to health issue 2 - 2 - 3 - 1 -
Other priorities Non-vaccine preventative measures available 2 - 2 - - - 1 -
More important disease priorities 2 - 4 - 1 - - -
Inadequate data available on Shigella 2 - 0 - 2 - 2 -

Note: reasons are coded from qualitative data and respondents were able to provide multiple reasons for their selection. As a result, sum of numbers in columns may

exceed the total number of respondents.
1 AMR-Antimicrobial resistance.
2 NS-National stakeholders.
3 HP-Health provider.
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“I have a reservation regarding our national vaccine schedule, which is
already too full. We risk scaring [mothers] and consequently losing many
women. “ - A health provider in Burkina Faso

3.5. Preferred attributes of a Shigella vaccine

Participants were asked how specific vaccine delivery attributes
would affect their willingness to consider introducing a Shigella vaccine.
All national stakeholders citing a preferred route of administration
selected an oral vaccine over an injectable (Fig. 4). Between 15% and
30% of healthcare providers across all countries preferred an injectable
vaccine except in Nepal, where 100% preferred an oral vaccine (Sup-
plemental material 5). National stakeholders expressed a strong pref-
erence for combination vaccines (Fig. 4); the only outlier was in Nepal,
where 40% preferred a single-antigen presentation (Supplemental ma-
terial 5). Healthcare providers were more mixed in their preferences for
vaccine presentation (Fig. 4). When given the choice between admin-
istering the vaccine during an existing vaccination visit or creating a
new visit, healthcare providers in all countries except Nepal were more
likely to prefer a new visit, while national stakeholders were more
balanced in their preference between new and existing timepoints
(Fig. 4 and Supplemental material 5).

Across all attribute preferences, participant rationale focused on
community and/or health worker acceptability, though framing varied
depending on the attribute. When choosing between oral and injectable
vaccines, participants felt oral vaccines would be more acceptable to the
community because it would sidestep milder adverse reactions like in-
jection pain:

“As I said, injectable vaccines are painful for children, and they cause
children to cry even when the mother holds them in their hands; It is hard
for the mothers see their children suffering. The oral type is less painful
therefore moms like it.” - A health provider in Burkina Faso

When choosing a combination vaccine over a single-antigen pre-
sentation, many participants framed community acceptability around
limiting the number of injections that a child receives in a single visit:

“You will be giving multiple vaccines but one injection. The parents will be
willing to bring their children because after all it is only a single shot.” - A
health provider in Kenya

A secondary theme for both oral and combination vaccines was

National stakeholders (N=32):

Which vaccine attribute do you prefer?

Route of
administration a7 3
(%)

Vaccine
presentation
(%)

Administration
time point 4 9
(%)

Oral
Injectable
No preference

Combination
Single antigen
No preference

New vaccine visit
Existing vaccine visit
No preference
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increased acceptability to healthcare providers, described as easier to
administer or minimizing workload:

“It makes it easier for the population to adhere and for the health workers
to do their job, and that is great.” — A national stakeholder in Burkina
Faso

Community acceptability was also the driver for choices around
existing vaccination visits or new visits. Those preferring an existing
visit cited greater convenience for parents and potentially improved
vaccine uptake:

“What we’ve learned from the introduction of malaria vaccine is that,
when you add new visits [...] communication around new visits can also
be challenging and might affect optimal uptake.” - A national stakeholder
in Ghana

Responses from those preferring a new vaccine visit centered on a
desire to minimize the number of injections given to a child in a single
visit:

“By the way, I do prefer the new contact because I hate when children
take too many vaccines at the same time. Because it causes fevers and
never-ending crying. I prefer it to be isolated at 6 months.” - A national
stakeholder in Burkina Faso

For all attribute comparisons (route of administration, presentation,
and administration time point) participants were subsequently asked to
consider availability of a vaccine with their non-preferred attribute.
Preference for vaccine attributes was highly elastic, with approximately
10 percent of participants indicating that they would either be “much
less willing to consider” or “would not consider” a vaccine with their
non-preferred attribute. Most participants indicated that less-desirable
vaccine attributes would not affect their interest if the potential
impact of the vaccine justified the challenges of implementation.

Participants were asked to consider a —20 °C storage requirement, a
lyophilized product, single dose packaging, and a requirement of a
booster dose given in the second year of life (Fig. 5). Across both groups,
the only attribute participants were consistently unwilling to consider
was a vaccine requiring a —20 °C cold chain.

PAHO regional stakeholders unanimously preferred an oral and
combination presentation for a Shigella vaccine compared to injection
and single antigen presentations, citing themes of community accep-
tance, similar to country stakeholders. All three participants from PAHO

Healthcare providers (N=54):

Which vaccine attribute do you prefer?
Route of

administration
(%)

Vaccine

i — ’
(%)

Administration

time point 6
(%)

Oral
Injectable
No preference

~

Combination
Single antigen
No preference

New vaccine visit
Existing vaccine visit
No preference

Fig. 4. Preferred route of administration, vaccine presentation, and administration timing, by stakeholder group (%).
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National stakeholders (N=32):
Which vaccine attribute do you prefer?
Storage at or
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(%)

37 19 16

N
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Lyophilized
and requires 3
re-constitution
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Single dose

packaging 75
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Year 2
booster dose [&1
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Affect on willingness?
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Healthcare providers (N=54):
Which vaccine attribute do you prefer?

below -20C

e _ 7 “

Lyophilized
and requires 2 7 89

re-constitution

Single dose

packaging B2 9%
(%)

booster dose | 9 91

Affect on willingness?

B Would not consider M Much less willing I Moderately less willing ~ Would not affect interest Il Would not consider M Much less willing I Moderately less willing ~ Would not affect interest

Fig. 5. Vaccine delivery attributes on willingness to introduce vaccine, by stakeholder group (%).

cited the advantages of an oral vaccine in terms of perceived parent
acceptability of fewer injections as well as the logistical ease of
administration for healthcare workers:

“If you have an oral vaccine, it is much easier for the child, but also in
terms of the training that you do at local level, it is easier when you have
an oral vaccine than when you have an injectable vaccine.” — A PAHO
stakeholder

The rationale for preferences of combination vaccines also centered
around simplifying work for health workers:

“If the biological possibility exists, I would always recommend having it in
combination, because it is simpler, it is easier. You just tell people, ‘Look
you are not only getting your child immunized against what used to be, but
plus this.”” — A PAHO stakeholder

Two of the three PAHO respondents preferred introducing a Shigella
vaccine at a new immunization visit, citing community acceptability and
safety concerns with an additional concomitant injection.

4. Discussion

Results from our study provide current insights into country and
regional priorities for health and disease prevention for children under
five years of age in LMICs and around Shigella vaccines, in particular,
and support several of the findings from a multi-country study in Asia of
policy-maker views on enteric vaccines conducted by DeRoeck et al in
the early 2000s [30]. Across the five study countries, we found wide-
spread participant recognition of childhood diarrhea, stunting, and AMR
as “very serious” or “serious” health concerns. However, citing the
relatively low disease burden estimates compared to other vaccine
preventable diseases, most participants, especially national stake-
holders, did not consider Shigella a very serious health concern and
similar to findings by DeRoeck et al, many requested more country-
specific data on both the burden of Shigella diarrhea and long-term
health consequences [30]. This could, in part, be addressed by
improving the dissemination of existing data, such as from pivotal
diarrhea etiology studies such as GEMS or MAL-ED [9,11,31], as well as
generating additional information by increasing the availability of
Shigella diagnostics and expanding surveillance in additional LMICs.

While participants had an overall positive view of vaccines and
indicated a willingness to consider new introductions, when provided
global Shigella diarrhea and mortality estimates, just 15% of national
stakeholders and 55% of healthcare providers cited a Shigella vaccine as
a high priority. Even after given additional estimates of country-specific
vaccine impact, roughly 40% fewer national stakeholders cited a Shigella
vaccine as a high priority compared to healthcare providers, potentially
reflecting greater uncertainty around the impact of a Shigella vaccine
and wider awareness of the potential value of competing health in-
terventions and/or national financial constraints.

We found important differences in priorities when data were dis-
aggregated by country. Unlike perceptions of their peer groups in Bur-
kina Faso, Ghana, Kenya, and Nepal, diarrhea was less of a concern in
Vietnam, where approximately one-third of national stakeholders and
healthcare providers perceived it as “not a very serious concern.” This
lack of concern was also expressed about Shigella, which translated into a
lower priority for a Shigella vaccine in Vietnam, particularly among
national stakeholders. One potential factor behind this difference in
response could be related to Vietnam’s lack of external immunization
financing.

A country’s eligibility for Gavi financing for immunization depends
on its gross national income (GNI); an eligible country’s GNI determines
its Gavi “transition” phase, which corresponds to increasing co-
financing requirements [32]. Burkina Faso and Nepal currently receive
relatively more financial support, being in the lower GNI “initial self-
financing” and “preparatory transition” Gavi phases, respectively, while
Ghana and Kenya are in the mid-range “accelerated transition” phase,
and the higher GNI of Vietnam deems it “fully self-financing.” We found
that national stakeholders’ priority of a Shigella vaccine inversely
correlated with their country’s Gavi transition phase: national stake-
holders from Burkina Faso and Nepal were more likely to rate a Shigella
vaccine a “medium” or “high” priority compared to those in Ghana and
Kenya, and even more likely than their peers from Vietnam. This may
reflect a different priority-setting calculus for introducing new vaccines
in countries that are unable to rely on sustained external funding for
their immunization programs. LMICs with limited resources are chal-
lenged by increasingly more complex and expensive immunization
programs as new vaccines against priority pathogens are developed,
forcing them to make difficult choices between competing priorities.
Funders of Shigella vaccine research should take these considerations
into account when assessing the relative merits of specific vaccine pre-
sentations. For example, the development of Shigella-containing com-
bination vaccines that cover multiple pathogens, currently a secondary
consideration, might actually be necessary to ensure vaccine adoption
given countries’ increasingly crowded immunization schedules [24].

We found Shigella vaccine priority highest when linked to country-
specific impacts on longer-term health issues, such as stunting and
AMR. Similar concerns of increasing AMR related to Shigella were re-
ported by DeRoeck et al in Thailand, Bangladesh, Pakistan, and China
[30]. While willing to consider introducing a Shigella vaccine, all groups,
and particularly healthcare workers, expressed some reservations
regardless of potential impact, again citing the relatively low burden of
Shigella compared to other vaccine-preventable diseases and considered
the diarrhea burden at least partially addressed through existing pro-
grams, including rotavirus vaccination and nutrition and water and
sanitation programs [21-23]. Planned clinical efficacy trials of Shigella
vaccine candidates might, in addition to providing evidence of the
relative importance of Shigella on diarrhea, serve as vaccine probe
studies if they also examined linear growth faltering, which has been
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feasibly assessed in multiple nutritional intervention studies [33,34].
This would provide much needed evidence of the potential larger public
health value of a Shigella vaccine—beyond acute diarrhea—which could
result in more impactful messaging on Shigella, and in turn, may raise the
priority of a Shigella vaccine.

Increased advocacy and communications about Shigella could also
help build public priority and political will for a Shigella vaccine. The
case for Shigella vaccination in general has not been well articulated
among decision-makers, healthcare providers, and community members
in the countries with the highest burden, regardless of their eligibility for
Gavi support. A robust communication strategy to reach these groups,
accounting for country-specific variations in perceptions (such as those
shown here) could help improve awareness and understanding of the
disease burden and drive demand for a Shigella vaccine.

Consideration of specific vaccine delivery attributes indicate that
despite considerable elasticity, oral and combination vaccines were
preferred over injectables and single-antigen presentations for a Shigella
vaccine. We were surprised to find no indication of widespread concern
over impaired effectiveness of oral presentations in low-income contexts
as documented for rotavirus, cholera, and polio vaccines [35-40].
Another unexpected finding was preferences around vaccination timing,
which strayed from conventional wisdom of preferentially adding new
vaccines to existing vaccination timepoints. While national stakeholders
were evenly split, healthcare providers were more likely to prefer a new
vaccine visit. While acknowledging that awareness-raising and uptake of
new vaccines are challenging when novel immunization timepoints are
introduced, we found widespread reluctance to adding additional in-
jections onto current immunization schedules considered already too
full. As new vaccines continue to be added to the immunization
schedule, there is need for considering how to alleviate both over-
burdened providers and community concerns about multiple injections
given at a single visit. These could be addressed through task shifting,
similar to recommendations in human immunodeficiency (HIV) care
[41], the addition of new immunization timepoints, or encouraging
strong health provider recommendations and sharing information about
the severity of target diseases, which have been associated with over-
coming parental concerns with concomitant injections [42]. Of note,
these attributes were considered in the context of a Shigella vaccine and
should be generalized to the introduction of other antigens with caution;
it is possible that there may be fewer attribute preferences for new
vaccines for higher-burden diseases, such as malaria.

Strengths of our study approach include involving both national
stakeholders and clinical practitioners and including five countries with
arange of income levels and diarrheal disease and stunting burdens from
both Africa and Asia. We also included stakeholders from the PAHO
region. There are several limitations to our study. Without the avail-
ability of country-specific data, we used modeled estimates of Shigella
diarrhea morbidity and mortality [8] and a hypothetical 60% vaccine
impact across all outcomes; this may have biased our results towards
higher prioritization if the numbers we provided over-estimated true
disease burden and a Shigella vaccine’s effectiveness. We also estimated
a relatively low vaccine cost of USD$1/dose based on estimates of
typhoid conjugate vaccine. However, this, along with the assumption of
support from Gavi for eligible countries, is uncertain and may have
biased our results towards more favorable views of the vaccine. With an
availability timeline as early as 2025, we do not know the full landscape
of vaccine competitors, and several of our study countries may have
transitioned out of Gavi support and be fully self-supporting of vaccine
introduction costs by this time, which would likely impact vaccine
introduction decisions. Also, participants did not represent all
geographic areas of their respective countries and thus preferences and
perspectives may not be representative of the country as a whole nor of
other LMICs. In addition to limited participation from the PAHO region,
we were unable to collect data in PAHO countries due to limitations on
travel during the SARS CoV-2 pandemic. Similarly, restrictions on social
interactions prevented us from interviewing community members,
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although their views on vaccine acceptability are critical for the success
of vaccine uptake.

Beyond Shigella, historical efforts to gain insight into preferences
around vaccine attributes have seldom involved systematic surveys of
those most directly involved at the country level. Recent precedents by
Price and Mooney et al considered novel rotavirus vaccines which found
similar preferences for oral and combination presentations [43,44]. Our
study is timely, since Shigella vaccine candidates are still in develop-
ment, providing manufacturers an opportunity to incorporate our find-
ings into clinical trials plans, such as evaluating vaccine impact beyond
diarrhea by integrating a stunting endpoint into Phase 3 clinical studies.
It also provides perspectives from country and regional decision-makers
and implementers from LMICs to inform key vaccine delivery attributes
of candidates in earlier stages of the vaccine development process. While
our study is valuable by itself, it is even more so when considered in
conjunction with other analyses on Shigella vaccine cost-effectiveness,
challenges and obstacles to Shigella combination vaccine development,
and the economic loss of stunting [21-24,45]. If acted upon, our findings
could result in Shigella vaccines that are more suitable—e.g., in the form
of an oral formulation or a combination that includes a licensed vaccine
given at the same age—and attractive to stakeholders in countries that
need them the most.

5. Conclusions

Given numerous competing disease prevention priorities in LMICs,
input from key stakeholders in countries most at risk is required to
accurately understand and estimate country demand for any new vac-
cine candidate, but particularly for those targeted against pathogens
that do not rank among the top causes of morbidity and mortality at the
global level, such as Shigella. Now, while Shigella vaccines are still in
clinical development, is a critical time to understand preferences from
decision makers who, along with national governments, may have the
final say in whether a vaccine is introduced, and from healthcare pro-
viders who will be essential in implementing Shigella vaccine roll-out.
The results provided here highlight several key elements that we
believe vaccine developers, funders, and advocates should take into
account: (i) there is wide country-specific variability in the perceptions
of Shigella disease and vaccines, which will require tailored approaches
in education and communication; (ii) a shared perception that the
prospects of ameliorating growth faltering and/or AMR might drive
adoption of Shigella vaccines, and thus there is need to demonstrate, in
clinical studies, that vaccines could indeed have those effects; (iii) a
major barrier to adoption of a Shigella vaccine may lie in the necessity of
additional injections, pointing to the need for investments in a combi-
nation formulation that simultaneously offers protection against other
priority pathogens. Our study results add to the limited but growing
knowledge base of how stakeholders in LMICs prioritize Shigella and a
potential vaccine and can inform the design of more attractive vaccine
formulations and clinical trial endpoints that address stakeholder pri-
orities. Ultimately, if Shigella vaccine development is successful, our
findings will aid in the development of appropriate communication and
advocacy strategies for adoption and implementation of these important
vaccines.
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