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Overview – Salmonella vaccines session

- Overview (5’) 

- Review of draft NTS vaccine PPC – Part 1 (10’)

- Emerging data: presentation of TyVAC TCV longevity data (10’)

- Review of draft NTS vaccine PPC – Part 2 (10’)

- Discussion and questions for PDVAC (20’)

- Clinical development considerations (10’)

- Overview of R&D Roadmap (5’)

- Combination Salmonella vaccines strategy - key takeaways from Kigali meeting (10’) 

- Discussion and questions for PDVAC (10’)
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Overview of iNTS Full Value of Vaccine 
Assessment (FVVA)

Funded by the Wellcome Trust (3-year 
grant extended to April 2024)

Principal Investigator: Dr Jerome Kim (IVI)

Objective: Develop an FVVA to understand 
the value of investment in an iNTS vaccine 
from a multi-stakeholder perspective
 Scope redefined to focus on trivalent iNTS +TCV 

vaccines post-2021 expert consultations

FVVA partners
 IVI-WHO joint project
 Shift Health
 LSHTM
 Swiss TPH 

Research Steering Group
 Pierre Balard
Martin Friede
 Jerome Kim
Calman MacLennan
 Jean-Louis Excler (Project 

Lead)
 Adwoa Bentsi-Enchill (WHO 

Project Lead)

PDVAC Meeting 13th December 2023
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Overview of iNTS FVVA workstreams

 Aims 1-3 (WHO lead)
o Aim 1 - Landscape analysis of iNTS (epidemiology, diagnostics, knowledge gaps to accelerate 

development, licensure and use)

o Aim 2 – LMIC Stakeholder consultation on vaccine use and demand

o Aim 3 – R&D Roadmap and Preferred Product Characteristics

 Aims 4 and 5 (IVI lead)
o Aim 4 – Determine the Clinical Development Plan and Regulatory Pathway to bring iNTS vaccines to 

licensure and WHO prequalification 

o Aim 5 - Develop rationale for the development of an iNTS vaccine through a Full Value of Vaccine 
Assessment
 Business case (Shift Health)
 Investment case - CEA for typhoid (Swiss TPH)
 Investment case – Economic Evaluation of iNTS vaccines (IVI)
 Broader societal benefit analysis (LSHTM)

PDVAC Meeting 13th December 2023
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Development of WHO Preferred Product Characteristics 
and R&D Roadmap for NTS vaccines against invasive 
disease (in draft)

Preferred Product 
Characteristics 
(PPCs): define 
preferential attributes 
for vaccines to be used 
in LMICs

Roadmaps highlight 
priority activities for 
vaccine researchers, 
funders and product 
developers, with the 
goal to accelerate the 
pathway to availability 
and access in LMICs.

Can be R&D focused, 
or vaccine introduction 
focused.
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Overview of timeline of development of PPC & R&D Roadmap

Dec 2021
Expert 

Consultation 
(Landscape Analysis & 

LMIC perspectives on use 
and demand)

Nov 2023
Expert Consultation

Dec 2023
13th International 

Conference on 
Typhoid & Other 

Invasive 
Salmonelloses

Selected 
expert & 

FVVA 
reviews

Q1 to Q3 2023 Drafting of PPC and 
R&D Roadmap

Selected 
expert & 

FVVA 
reviews

Revision of PPC 
& Roadmap 

based on 
consultation 
plus review 
comments

Feb 2022
PDVAC meeting 
on iNTS vaccines 

Maternal 
immunization as 
potential target 

population

Maternal 
immunization 

removed as 
potential target 

population

Presentation of new data on 
waning of TCV responses
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Vision 

Development of a: 
• safe, 
• affordable, and 
• broadly protective effective vaccine (or vaccines)
• to protect children against invasive disease 
• caused by Salmonella serovars 
• for use in low- and middle-income countries

• Overarching vision of broadly protective vaccine(s) against invasive disease caused by 
Salmonella serovars 

• The R&D roadmap for a trivalent S. Typhi/S. Typhimurium/S. Enteritidis vaccine addresses 
a first potential combination Salmonella vaccine.

PDVAC Meeting 13th December 2023
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Strategic goals

To demonstrate 
immunogenicity, safety, and 
efficacy of a candidate iNTS 
vaccine against Salmonella
serovars Typhimurium and 

Enteritidis

Licensure of a combination 
vaccine including TCV + iNTS 

components (Salmonella
serovars Typhimurium and 

Enteritidis)

Develop and license a safe 
and effective broadly 

protective vaccine(s) for the 
prevention of invasive disease 

caused by Salmonella serovars

Near Term Medium Term Long Term
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Questions on the NTS vaccine PPC

1. Should 6-36 months remain the target population in the PPC for vaccination 
against iNTS disease? And should 6 months be the target age at 
vaccination (1st dose)?

2. What is the advice of PDVAC as to whether the trivalent vaccine should 
remain the preferred strategy for NTS vaccination against invasive disease?

3. Should the current WHO PPC (versus a future PPC) also consider options for 
combination of Salmonella vaccines with other pathogens?

4. Has PDVAC identified any gaps or missing elements that should be in the 
R&D Roadmap?
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Invasive NTS (iNTS) disease

Asymptomatic 
shedding

Enterocolitis iNTS disease

Host risk factors
• Age
• Recent or current malaria
• Malnutrition
• Anaemia
• HIV

Serovars
Serovars n=23,971 (%)
S. Typhimurium (O:4) 14314 (58)
S. Enteritidis (O:9) 6561 (27.3)
S. Dublin (O:9) 524 (2.2)
S. Heidelberg (O:4) 473 (2)
S. Choleraesuis (O:7) 225 (1)

Sero-
group

n=24,253 (%)

O:4 15345 (63.3)
O:9 7386 (30.5)
O:7 1063 (4.4)
O:8 250 (1)

Haagedoorn et al., 2023 

Serogroups

AMR is a major problem



Global incidence of iNTS disease -All ages, new cases per 100,000

PDVAC Meeting 13th December 2023 11GBD 2019, https://vizhub.healthdata.org/gbd-compare/
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Key PPC parameters (current draft)
Indication Prevention of invasive disease (infection in a normally sterile site for example, blood) 

caused by Salmonella serovars

• Trivalent vaccine: S. Typhi/S. Typhimurium/S. Enteritidis

• Bivalent vaccine: S. Typhimurium/S. Enteritidis. 

Target 

population

Target age of 

vaccination 

Infants and young children 6 to 36 months of age.

• Trivalent: 6 months is proposed (new data on duration of protection of TCV needs to 

be taken into account)

• Alternative of early EPI schedule (e.g., 6 to 14-week timepoints). 

o May not be feasible due to congested EPI schedule

o Confirmation of safety, immunogenicity, and efficacy of TCV in infants <6 months 

would be required 

• Bivalent: early EPI schedule should be considered.
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Key PPC parameters (current draft)
Dose regimen 

and schedule

Trivalent: primary regimen may or may not require >1 dose to provide protection.

The main required window of protection for iNTS disease is until 3 years of age. 

Bivalent: may be given to younger infants and therefore dosing schedule may differ from 

the trivalent.

Duration of 

protection

For NTS:
Minimum duration of protection for 24 
months following the last vaccine dose in 
the primary series, with protection up to 3 
years of age desirable.

For TCV:
non-inferiority with a prequalified TCV for 
the same duration of follow-up Patel et al. (2023), Lancet pre-print

Efficacy of 78.3% (all ages) 4yrs post-single dose
9 mths – 2 yr group efficacy of 70·6% 



Target population: iNTS disease increases from 6 months of age

Single 
country data:
Democratic 
Republic of 
Congo 
(Kisantu)

Tack B, et al. (2020). PLoS Negl Trop Dis 2020 14(4):e0008121.
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Comparison of the age distribution for iNTS cases and enteric 
fever cases – global estimates & single country data

GBD 2017, Lancet ID 2019 Apr;19(4):369-381.
GBD 2017, The Lancet ID 2019 191312-1324DOI: (10.1016/S1473-3099(19)30418-9) 

iNTS disease

Typhoid

Thindwa et al., Sci Reports 2019 9(1):20310Global estimate of enteric fever includes paratyphoid cases
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Refer Prof Andy Pollard’s slides here



Summary

PDVAC Meeting 13th December 2023 18

Birth 1 yr 2 yrs 3 yrs 4 yrs 5 yrs

?

Typhoid incidence

iNTS disease incidence

Should the target population for iNTS disease be 6-36 months?

Waning of protection from typhoid in the youngest children 
after a single dose of TCV
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Considerations for bivalent and trivalent NTS vaccine approaches
Bivalent Trivalent (NTS+TCV)

Target population If given early in EPI schedule, 
will achieve aim of protection 
by 6 months of age (or earlier)

If given at 6 months of age this concurs with 
current TCV licensure so no new TCV data 
required but NTS protection would not be 
achieved until >6 months of age 

If to be given before 6 months of age, data would 
be required for TCV safety and immunogenicity 
below this age 

Immunogenicity 
and duration of 
protection

May require more than 1 dose 
as primary regimen in infancy 
+/- booster(s)

TCV likely to need a booster dose in some 
settings especially if given <9 months (TCV 
duration of protection may be shorter if given 
even earlier)
NTS may require more than 1 dose but duration 
of protection required is shorter for NTS

Non-interference If given in early EPI schedule, would require evidence of non-interference with 
multiple vaccines

Programmatic 
considerations

Does not affect 
existing/planned TCV 
programmes or messaging 
around TCV

New malaria vaccine timepoints may provide 
opportunities for trivalent vaccine delivery
Requirement and timing for booster doses may 
differ for NTS/TCV PDVAC Meeting 13th December 2023
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Questions on the NTS vaccine PPC

1. Should 6-36 months remain the target population in the PPC for 
vaccination against iNTS disease? And should 6 months be the 
target age at vaccination (1st dose)?

2. What is the advice of PDVAC as to whether the trivalent vaccine 
should remain the preferred strategy for NTS vaccination?

3. Should the current WHO PPC (versus a future PPC) also consider 
options for combination of Salmonella vaccines with other 
pathogens?
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Overview of R&D Roadmap for NTS 
vaccines against invasive disease
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Questions on the NTS vaccine R&D Roadmap

4. Has PDVAC identified any gaps or missing elements that 
should be in the R&D Roadmap?



PDVAC Meeting 13th December 2023 24

Combination Salmonella vaccines strategy: Key takeaways 
from IVI-WHO meeting (Kigali, 04 Dec 2023)

3-hour think-tank meeting to:  

• Gather opinions and perspectives on the potential public health 
value for different Salmonella combination vaccines to better inform 
developers, immunization policy decision-makers and donors on the 
best suitable way forward.

• Identify current gaps in understanding the value of and/or needs for 
accelerating the development of the most appropriate Salmonella
combination vaccine(s) and define priorities to address those gaps

Formal (full) expert consultation being planned for 2024
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Brief summary of invasive Salmonella diseases

Enteric fever

• Typhoid fever: burden very high in South 
and South East Asia,  and high in Africa 
and Oceania. 

• Paratyphoid fever: highest burden in Asia. 

• Scarcity of data, notably pockets of sub-
Saharan Africa, Oceania, Middle East, Latin 
America.

• Mostly affects school aged children 
extending into adulthood; peak incidence 
overall in 5 to <15 year age group

Invasive NTS disease

• Burden of disease concentrates in sub-
Saharan Africa. 

• Association with host risk factors (malaria, 
malnutrition, HIV)

• Reliable data from limited number of 
locations

• Disease predominantly in infants and young
children 6-36 months of age; peak 12-15 
months of age



GBD 2019, https://vizhub.healthdata.org/gbd-compare/

Global estimates of incidence - All ages, 
new cases per 100,000

iNTS disease

Paratyphoid fever

Typhoid fever
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1. Reduction in number of injections

2. Epidemiology (age group and geography of disease burden)

3. Risk of immunologic interference (“clinically important” impact)

4. Route of administration (oral vs. injection)

5. CMC complexity (formulation compatibility, analytical testing burden, lot failure, 
live vs. non-live vaccines)

6. Regulatory pathways (e.g. are efficacy studies feasible and if not, does an acceptable 
correlates of protection exist?)

7. Number of partners needed for collaboration

8. Commercial attractiveness of combination

9. Effect on market stability (e.g. supply risk, potential price increases)

“Must have” 
compatibility

Technical 
feasibility

Commercial 
feasibility

Priority 
criteria

Impact

Combination vaccines … some key considerations
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IVI-WHO Consultation on Salmonella Combination 
Vaccines - Key takeaways

• Regional vaccines based on epidemiology need to be explored further with key 
stakeholders incl. LMICs.

• Combination vaccines should not be pursued for the sake of doing so, and 
consideration should be given to combining Salmonella vaccines with other 
antigens if it makes sense to do so, e.g., by age group.

• Concept of an iNTS consortium to test multiple vaccine candidates within a 
single multi-centre efficacy trial was raised as a potential way to accelerate 
identification of efficacious candidates and reduce cost.
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Key takeaways (2)

• Manufacturers need/want guidance on combination products.

• There needs to be clear understanding of data needs to support regulatory 
and policy pathways.

• Pricing and cost-effectiveness of any combination vaccine is critical.

• Countries facing significant pressures with multiple new vaccine 
introductions.
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DISCUSSION
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Thank you



TYPHOID VACCINE ACCELERATION CONSORTIUM PAGE 1

Immunity and Protection 
with TCV

Photo: PATH/Asad Zaidi





• Population of 205,760
• 150 geographic clusters
• Vi-TT or JE vaccine (75 

clusters for each)
• 30,000 children vaccinated in 

each arm of the study = total 
60,000

Study area: Mirpur (wards 2, 3 and 5), Dhaka





9mths-2 years 2.5-4 years 5-7 years

vaccinated 18mths 4-5 years

Age

Time

84%VE

9mths ~2.5 years ~5 years

vaccinated 18mths 4-5 years

Age

Time

6mths 2 years ~4.5 years

vaccinated 18mths 4-5 years

Age

Time

High typhoid risk
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CDP Considerations - Background

vThere is no iNTS vaccine available for use in humans. Several potential candidate 
vaccines against iNTS and combination with TCV are being developed.

vVaccine development considerations include a bivalent iNTS vaccine (S. 
Typhimurium and S. Enteritidis) or a trivalent vaccine (S. Typhi/iNTS). 
https://doi.org/10.1093/ofid/ofad041

viNTS + TCV trivalent is considered a worthwhile endeavour (PDVAC Feb 2022)

vFollowing initial discussion with Wellcome Trust and other subject-matter experts, 
the project recently shifted from bivalent iNTS to a trivalent (iNTS + S. Typhi CV) 
vaccine Full Value of Vaccine Assessment (FVVA). 

https://doi.org/10.1093/ofid/ofad041


CDP Considerations for a Trivalent vaccine - 1

v TCV + iNTS vaccine
v Organize very early in the CDP a regulatory consultation on requirements for 

pathway to licensure and WHO PQ post licensure.
v Phase 1 and Phase 2a do not pose particular challenges:

o Phase 1 FHI: 

§ Dose exploration, Safety & Immunogenicity, randomized, placebo-controlled
§ Healthy participants aged 19-45yr in country of manufacturer and once preliminary safety 

and immuno data are available, expanded in endemic country with ML3 NRA
o Phase 2a

§ Age de-escalation, Safety & Immunogenicity

§ Adult, (≥19yr), older children and adolescents (5-<19yr), young children (12mo-<5yr), 
infants (6-<12mo) in an endemic country



CDP Considerations for a Trivalent vaccine - 2

vOptimal age range of vaccination
§ 6 mo to 3 years of age (high incidence age range)

ü OK for 2b/3 efficacy study 
ü However, envisage upfront 6 mo to 5 yrs with inflation of the sample size in the 6 

mo -3 yrs age strata (preferred by manufacturers and policy makers): less 
restrictive, offer the possibility of late booster at 5 yrs

§ Lower age range (<6 mo) could be studied post licensure

vRegimen
§ primary series: 1 dose regimen at 6 mo
§ booster dose at 12 mo
§ In Phase 2a, 2b and 3, make provision of a follow-up for additional booster at 5 years 

§ Intramuscular injection for trivalent when TCV administered IM; Oral administration 



CDP Considerations for a Trivalent vaccine - 3

vPhase 2b and Phase 3 do pose challenges
§ Although there is no consensus yet as to whether efficacy could rely only on 

immunogenicity assessments and on immune correlates of protection in CHIM 
studies it is believed that clinical endpoint efficacy trials would have the 
preference for regulators and policy makers and would be feasible in highly 
endemic countries (high incidence). 

§ CHIM is not considered as a gatekeeper to current clinical development plans 
but CHIM data may support clinical efficacy data and generate confidence. 
ü What if the CHIM data are not supporting protection, what do we do?



CDP Considerations for a Trivalent vaccine - 4

vPhase 2b and Phase 3
§ Envisage a seamless Phase 2b/3 efficacy trial
§ Healthy children aged 6 mo to 5yrs in endemic countries
§ RCT, clinical efficacy & safety + L2L comparison
§ Trivalent iNTS/TCV vs Placebo - Non-enteric vaccine instead of placebo?
§ 1-year vs 2-year follow-up
§ Make provision for identification of immune correlates of protection with 

sufficient sample size of collected blood samples in vaccine recipients 
(micromethod for children)



CDP Considerations for a Trivalent vaccine - 5

vTo support the CDP, consensus and alignments are needed on:
§ Clinical efficacy endpoints
§ Immunological endpoints

ü Standardization of assays 
üPrimary immuno endpoints: ELISA
ü Secondary immuno endpoints: functional assays (bactericidal and systems 

serology)
§ Time points of assessments



CDP Considerations for a Trivalent vaccine - 6

vEffectiveness studies to assess the vaccine impact of iNTS burden of 
disease

vEnvisage separate studies on the reciprocal impact of iNTS / trivalent 
vaccine and of malaria vaccine on iNTS and malaria immunogenicity 
and clinical burden of disease. 



Non-prescriptive example of CDP to TCV/iNTS trivalent vaccine 

Phase Design Target
Population

Tentative 
Sample Size

I
Dose exploration, Safety & 
Immunogenicity FHI

Healthy participants aged 19-45yr in country of manufacturer and with 
preliminary safety and immuno data staggered in endemic country with ML3 
NRA

~100 (TBC)

IIa Age de-escalation, Safety & 
Immunogenicity

Adult, (≥19yr), older children and adolescents (5-<19yr), young children 
(12mo-<5yr), infants (6-<12mo) in an endemic country

~300 (TBC)

IIb RCT, Efficacy & Safety + L2L  
Trivalent iNTS/TCV vs Placebo

Healthy children aged 6 months to 5yrs in endemic countries
[80% power, 2:1 vaccine to placebo, alpha = 2.5% one-sided, 20% loss-to-
follow-up, VE=60%, LB of 95% CI=0%]

~6000 /1 yr f/u
~3000 /2-yr f/u

III
RCT, Efficacy & Safety + L2L+ immuno of 
Trivalent iNTS/TCV vs Placebo

Healthy children aged 6 mo to 5 yrs in endemic countries
[90% power, 2:1 vaccine to placebo, alpha = 2.5% one-sided, 20% loss-to-
follow-up, VE=60%, LB of 95% CI=30%]

~20000 /1 yr f/u
~10500 /2-yr f/u

IV

RCT, Safety, immuno non-inferiority study 
of Trivalent iNTS/TCV vs Placebo

Healthy children < 6 mo in endemic countries ~1000 (TBC)

Immune Non-Interference with EPI 
vaccines (including malaria-vaccinated)

Healthy children aged 6-12mo in an endemic country ~300 (TBC)

Effectiveness Study /Mass Campaign
Healthy & HIV+, malaria-infected vs malaria-vaccinated participants aged 
<6mo to 45yr in an endemic countries ~100,000 (TBC)



CDP Considerations for a Trivalent vaccine - 7

v Regulatory consultation(s)
§ Engage as soon as possible with regulators by constituting a regulatory expert committee to 

discuss pathway to licensure with NRAs, WHO, developers, manufacturers, NITAGs, RITAGs, and  
donors

§ Some (preliminary) suggested questions:

a. Phase 2b/3 efficacy trial based on clinical endpoints in 6mo-5 years of age children with increase of sample size in 
the 6mo-3 yrs) (6mo-3yrs may suffice because of the highest incidence but regulators and manufacturers may 
prefer to give the opportunity of an extended age range of use upfront for licensure). Although an extension 3-5 yrs 
could also be envisaged post licensure, perhaps not the preferred pathway.

b. Since there is no iNTS vaccine as comparator, placebo remains the standard in efficacy trials. However, this may not 
be acceptable in children. Should an active non-enteric vaccine comparator be considered?

c. Would data of a human challenge study conducted in parallel to Phase 2b add value to licensure from a regulatory 
perspective?

d. TCV is licensed with one dose. It is assumed that conjugated iNTS would follow the same pattern, to be 
demonstrated though

e. Should 1 vs 2 doses as primary series be tested in a Phase 2a? If the second dose does not add to the first for iNTS 
abs, fine. If not, should a booster dose of the TCV+iNTS be considered after one dose a primary (e.g., 12 mo, 5 yrs)?
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