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“Not only is typhoid one of the leading causes of death in 
America, but the greater part of it is conveyed, directly or 
indirectly, through water.”

Sedgwick WT, Winslow CE.
Public Health Pap Rep. 1902;28:288-95. 

Sedgwick WT. The Origin and Dissemination of Typhoid 
Fever. Public Health Pap Rep. 1893;19:235-41.

https://www.ncbi.nlm.nih.gov/pubmed/19600533
https://www.ncbi.nlm.nih.gov/pubmed/19600533
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Typhoid isn’t a disease of the past; it’s a disease of the poor

“The main problem with 
typhoid fever is that it has 
dropped out of the minds of 
the international health 
community…”

Source: The Lancet, www.thelancet.com, Volume 379, Feb 25, 2012.

http://www.thelancet.com/
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Typhoid: Where are we in 2023?

• Typhoid continues to be a substantial 
public health threat that disproportionately 
impacts children and marginalized 
populations in much of Asia, sub-Saharan 
Africa, and Oceania.

• The burden of typhoid is likely 
underestimated due to difficulties in 
surveillance and diagnostic challenges.

• Current estimate is nearly 11 million cases 
and more than 116,000 deaths per year.

• 1-4% fatality with treatment; 10-20% without.

• Complications arise in 10-15% of untreated: 
intestinal perforation, hemorrhage, septic 
shock. UNICEF and WHO. 2015
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Enteric disease control is facing unprecedented 
challenges

• Competing health priorities

• COVID-19 caused backsliding in 
immunization, including increases in 
number of zero-dose children 

• Polio, Ebola, Monkeypox, Dengue,  
Cholera outbreaks

• Increasing number of active State-based 
conflicts

• Economic stress on families and governments

• Climate change

• Antimicrobial resistance
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Climate change: Pakistan and Nigeria under water
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• Estimated deaths and DALYs attributable to and associated 

with bacterial AMR for 23 pathogens and 88 pathogen-drug 

combinations in 204 countries in 2019.

• Estimated 4.95 million (3.62-6.57) deaths associated with 

AMR, and 1.27 million attributable to bacterial AMR

• All-age death rate attributable to resistance was highest in 

sub-Sharan Africa

• Highest death rate in Western SSA at 27.3 deaths/100,000 

https://doi.org/10.1016/S0140-6736(21)02724-0



Center for Vaccine Development and Global Health (CVD) PAGE 9

Global antibiotic consumption and usage in humans, 2000-2018, 
a spatial modelling study. 
Lancet Planet Health 2021; 5: 3893-904.

• Surveys done covering > 280,000 
children with LRI.

• Large national and subnational 
variations of antibiotic usage in 
LMICs, with the lowest levels 
estimated in sub-Saharan Africa 
and the highest in eastern Europe 
a central Asia. 

• Both inappropriate use of 
antibiotics, and lack of access to 
antibiotics are important public 
health problems.

Lancet Planet Health 2021; 5: 3893-904.
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The threat of drug resistant S. Typhi escalates

Source:  Andrews et al.  NEJM 2018; 379: 1493.
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Safe and effective vaccines…

Source: CDC Yellow Book on Typhoid Fever. https://wwwnc.cdc.gov/travel/yellowbook/2018/infectious-diseases-related-to-travel/typhoid-paratyphoid-fever.

Vaccines to prevent typhoid fever

Vaccination Age (yr) Dose,  mode of administration No of doses Dosing interval Boosting interval

Oral, live, attenuated Ty21a vaccine (Vivotif)1

Primary series >6 1 capsule2, oral 4 48 hrs N/A

Booster >6 1 capsule2, oral 4 48 hrs Every 5 yrs

Vi capsular polysaccharide vaccine (Typhim Vi)

Primary series >2 0.50 ml, intramuscular 1 N/A N/A

Booster >2 0.50 ml, intramuscular 1 N/A Every 2 yrs

1The vaccine must be kept refrigerated 35.6°F-46.4°F, 2°C-8°C
2Administer with cool liquid no warmer than 98.6°F (37°C)   

https://wwwnc.cdc.gov/travel/yellowbook/2018/infectious-diseases-related-to-travel/typhoid-paratyphoid-fever
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Safe and effective vaccines…not fit for purpose for 
endemic settings

Source: CDC Yellow Book on Typhoid Fever. https://wwwnc.cdc.gov/travel/yellowbook/2018/infectious-diseases-related-to-travel/typhoid-paratyphoid-fever.

Vaccines to prevent typhoid fever

Vaccination Age (yr) Dose,  mode of administration No of doses Dosing interval Boosting interval

Oral, live, attenuated Ty21a vaccine (Vivotif)1

Primary series >6 1 capsule2, oral 4 48 hrs N/A

Booster >6 1 capsule2, oral 4 48 hrs Every 5 yrs

Vi capsular polysaccharide vaccine (Typhim Vi)

Primary series >2 0.50 ml, intramuscular 1 N/A N/A

Booster >2 0.50 ml, intramuscular 1 N/A Every 2 yrs

1The vaccine must be kept refrigerated 35.6°F-46.4°F, 2°C-8°C
2Administer with cool liquid no warmer than 98.6°F (37°C)   

https://wwwnc.cdc.gov/travel/yellowbook/2018/infectious-diseases-related-to-travel/typhoid-paratyphoid-fever
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Safe and efficacious typhoid conjugate vaccine….



Center for Vaccine Development and Global Health (CVD) PAGE 14

Safe and efficacious typhoid conjugate vaccine….failed 
business model
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Typbar-TCV (Bharat Biotech Lmt)

• Vaccine consists of 25 μg of Vi 
polysaccharide conjugated to a 
nontoxic tetanus toxoid protein 
carrier. 

• Single dose of Vi-TCV elicited 
seroconversion rates of 98%, 99%, 
92% in persons 6-24 months, 2-15 
years, 15-45 years

• Licensed in India in 2013 based on 
immunogenicity

Source: Mohan, CID 2015.
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Typhoid Vaccine Acceleration consortium (TyVAC) Mission: Reduce the global 
burden of typhoid by accelerating the introduction of typhoid conjugate vaccines 

(TCVs), particularly  in low resource countries.

COLLABORATING ORGANIZATIONS

Typhoid Vaccine Acceleration Consortium (TyVAC)
Reduce the global burden of typhoid by accelerating the introduction of typhoid 
conjugate vaccines (TCVs) in low-resource countries.

TyVAC is funded by the Bill & Melinda Gates Foundation.
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• Noted the continued high burden of typhoid fever and the alarming 
increase in antimicrobial resistance in low- and middle-income countries. 

• Recommended single dose in typhoid endemic countries for children over 6 
months of age plus catch-up of up to 15 years of age.

• Decision on preferred immunisation strategy should be based on disease burden, 
availability and quality of data, affordability and operational feasibility.

• Recommended prioritisation to countries with highest burden of disease or 
high burden of AMR S. Typhi.

• Data will be needed on co-administration of TCV and countries should 
strengthen surveillance and monitor occurrence of AMR.

Oct 2017 WHO SAGE overview

Source: https://www.who.int/immunization/policy/sage/SAGE_oct_2017_meeting_summary.pdf?ua=1. 

https://www.who.int/immunization/policy/sage/SAGE_oct_2017_meeting_summary.pdf?ua=1
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Policy milestones impacting TCV introduction

Oct  2017

Nov  2017

Dec  2017

Feb  2018

Mar  2018
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Unique set of challenges for typhoid vaccines

• Variability in disease burden over time 
and place, AMR and health care utilization 
patterns across settings and over time.

• Laboratory-confirmed disease burden 
data lacking in many settings. 

• No field efficacy data for newer TCVs; no 
established CoP in endemic populations
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TyVAC trials designed to provide data on safety, immunogenicity, 
and efficacy of Typbar TCV® (Vi-TT) in diverse field settings

Location Design Control vaccine Ages
Number 

vaccinated
Other

Lalitpur Metropolitan 
City, Kathmandu Valley, 

Nepal

Individually-
randomized 

efficacy 

Meningococcal 
A Conjugate 

Vaccine (MenA)

9 months-16 
years

20,019

Ndirande (urban 
township), Blantyre, 

Malawi

Individually-
randomized 

efficacy
MenA

9 months-12 
years 28,130

HIV prevalence 
~18%

Mirpur (densely 
populated), Dhaka, 

Bangladesh

Cluster-
randomized 
effectiveness

SA-14-14-2 JE 
vaccine

9 months-16 
years 61,756

150 clusters of 
~1350 residents



Center for Vaccine Development and Global Health (CVD) PAGE 22

More than 100,000 children enrolled in RCT of single dose TCV
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2019: First efficacy results from Nepal at 1 year follow-up
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Incidence of blood culture-confirmed typhoid fever and 
protective effectiveness of Vi-TT by age group, Bangladesh
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Country TCV 

product

Numbe

r doses

Control vaccine AGES

Study period
(Participant 

follow-up)

Total number 

vaccinated

Blood culture-

confirmed typhoid 

fever, n

Cases/100,000 

person–yr
Vaccine efficacy 

(95% CI) 

TCV Control TCV Control

Individual-Randomized Trials

Nepal3

Vi-TT 1 Meningococcal 

serogroup A 

conjugate

9 months-

<16 years
24 months 20,019 13 62 72 342 79.0% (61.9, 88.5)4

Malawi5
Vi-TT 1 Meningococcal 

serogroup A 

conjugate

9 months-

<13 years
18 months

28,130 10 61 40 260 83.7% (68.1,91.6)6

Cluster-randomized trials

Country TCV 

product

Number 

doses

Control vaccine Ages
Study period
(Participant 
follow-up)

Total number 

vaccinated

Blood culture-confirmed 
typhoid fever, n

Cases/100,000 

person–yr Total effectiveness 

(CI)
TCV Control

TCV Control

Bangladesh9

Vi-TT 1 Live attenuated 

Japanese 

encephalitis

9 months-

<16 years
25 months

67,395 29 192 96 635
85.0% (97.5% CI: 76, 

91)8

Single dose TCV 79-85% protective vs typhoid fever in 
endemic pediatric populations
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Efficacy of typhoid conjugate vaccine: final analysis of a four-
year, randomised controlled trial in Malawian children

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4411421
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• Immunogenicity results comparable 
to settings where efficacy has been 
demonstrated.

• Co-administration studies facilitate 
integration into routine EPI and dual 
antigen campaigns.
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Highly mobile populations: Bangladesh and migration!

• During an average of 17.1 
months of follow-up of the 
study population:
• 150,529 births and in-migrations

• 71,846 out-migrations

• 35,112 people moved within the 
study area

• “Catch-up campaigns in 6-
month intervals are unlikely to 
be feasible in routine public 
health practice”
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GACVS has reviewed the safety of TCV

• December  2018: The Global Advisory Committee on 
Vaccine Safety (GACVS) examined the safety profile of TCV. 

• GACVS concluded “safety profile of the Typbar-TCVTM

vaccine is reassuring, and no signals of serious adverse 
events were presented.” 

• GACVS recommends that countries that introduce TCV into 
their routine immunization schedule or into campaigns 
make every effort to ensure robust monitoring of safety (as 
for any new vaccine) 

• Additional trial data since 2018: 
• No safety signals (full DSMB reviews)

• Vaccine well-tolerated 

• Reactogenicity profile similar to control vaccines

• Millions of doses administered in campaigns and routine 
programs
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Gavi supports TCV introduction

Single dose routine

• Co-financed

• Vaccine introduction grant

• Gavi recommends routine 
immunization at 9 months old

One time single dose catch-
up campaign

• Financed by Gavi

• Operational cost support

• Up to 15 years of age
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Programmatic characteristics of WHO prequalified TCVs

Take on Typhoid (coalitionagainsttyphoid.org)

https://www.coalitionagainsttyphoid.org/
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Global policy and TCV vaccine introduction milestones
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Our ultimate goal: Getting TCV to kids who need it

• Pakistan became the first country to introduce TCV into its routine childhood 

immunization program in November 2019. The final provinces concluded their 

campaign in October 2022.

• Liberia, Zimbabwe, and Samoa introduced TCV in 2021.

• Nepal introduced TCV in April 2022.

• Malawi introduced in May 2023

• TCV has also been used safely and effectively as part of outbreak response 

efforts, both in Pakistan and in Zimbabwe.

• Nearly 60 million children have been vaccinated during TCV campaigns. 

• Other countries are in various stages of preparing applications and/or planning 

for TCV introduction into their routine immunization programs.

Photo: PATH/Kundzai Tinago
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Credit: Nurudeen Sanni
Credit: Kudzai Tinago
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Vaccine effectiveness against culture-confirmed S. Typhi 
and XDR S. Typhi, Pakistan
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Vaccine effectiveness against culture-confirmed S. Typhi 
and XDR S. Typhi, Pakistan



Center for Vaccine Development and Global Health (CVD) PAGE 39

Vaccine effectiveness against culture-confirmed S. Typhi 
and XDR S. Typhi, Pakistan
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It’s time to start making typhoid a disease of the past
• S. typhi is a substantial public health threat in low resource settings.

• Numbers could increase, not decrease, in coming years

• Need for simple, low-cost diagnostics

• A single dose of TCV is safe, well-tolerated, and efficacious in children 
as young as 9 months of age across diverse settings.

• Understanding the duration of protection, and the need for, and 
timing, of booster doses of TCV are critical next steps.

• Need to ensure the most disadvantaged children have access to 
vaccine:

• A broad rather than narrow population use of TCV to ensure             
no child is left behind

• Innovation and flexibility in defining disease burden. 

• Multi-antigen campaigns

• Improvements in water, sanitation and hygiene are critical.

Credit: PHC 
Global

Credit: Kudzai Tinago
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Thanks to the Global TyVAC Team
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